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Aromatic secondary amides such as benzanilide (1) exist in a frans-amide form both in the crystal and in the solu-
tion, whereas N-methylbenzanilide (2) exists in cis form in the crystal, and predominantly in a cis form in the solution.
Similar cis conformational preferences were observed in aromatic N,N’-dimethylated ureas and guanidines, in which
two aromatic rings are located face to face. The cis preferences of N-methylated amides, ureas and guanidines could be
utilized to construct interesting aromatic architecture. N,N',N-Trimethyl-N,N",N"-triphenyl-1,3,5-benzenetricarbox-
amide (20) and a cyclic triamide (24) have crystal structures in which three N-phenyl groups direct to the same orienta-
tion (syn conformation). 1,2-Bis(/N-benzoyl-N-methylamino)benzene (22), which have no fixed asymmetric center,
afforded chiral crystals by simple recrystallization. Furthermore, aromatic multi-layered structures could be built and
applied to obtain aromatic molecules which have potent DNA-binding ability.
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Fig. 1. Stereochemical Alternation by N-Methylation of Aromatic Amides

Fig. 2. Crystal Structures of Benzanilide (1) and N-Methyl-
benzanilide (2)
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Fig. 3. 'H-NMR Spectra of 1(a) and 2(b) in CDCl; at 293 K

(2) @ '"H-NMR Z X7 MVIKRESRIRD, 202
DOXREVEREDTORNDOE—=7IZTXRT1IZ
HREBANC N X o727 I IV T R ERLZ
(Fig. 3). BrizZznZF N d ortho fiLlx —0.570 5 —
0.6ppm & RERTININTRNERRLE 22
T, 20csBa> 73 A—2 3 2RICHAELE
TININTT NOEEEBRDOT I T MENK
SHIFT B E, £, FNTNOHEHKEEKD BC-
NMR & EK D BC-NMR & OBEPIMEN S, 278,
RIRPTH cis BITHMET DT EARBI NG Y
LML, KBIZBITFBEN-AFINX>ZXT7 =R
(2) ®'H-NMR ZX7 ML aEETDHE, T h
RN SRS trans BADNEFE L, LM -> TENIC
PES cis/trans AL OBENEBI SN, TOEMN
EEZ2HONIITBH I ENTEZ. 192 % CD,ClL
i1, —80°C (193K) IZC'H-NMR ZH[ET 5 &,
F B A DIRBERRIC Y 1 F—E — 7 A6 N T

N-AF )L OIS EWIL (3.39 ppm) D K D &4
(3.25 ppm) IZFES H 1.7% D /NS T2 W IN A3 B A &
N7=. KIZ'H-NMR O i E 2L HE (183 K—293
K in CD,Cl,, 233 K—333 Kin CDCL,CDCL,) %17\,
N-AFINEDODFE = EXAF—E—=I D I
FIVT T kD Av0.140 ppm (56.0 Hz) &, F D
Al & 15 B (coalescence point) 233 K +£5K &7 5,
ZDREIZBIT D cis (K5 trans (KN DIEMEALBE
H T %)L F— AG* 1%, CD,Cl, 1, 13.3+0.3 kcal/
mol ERO SN, £z, BIEIREL LTI G EFE
RO 2 )V 7 S OREKREFEENR SN, BE
MEWEERBBIIBH L. ZO05I L7k
OB, RENLEFT IR trans (KO FHELL
MEIMT 52 EICKOFEBHAIN, “I AT RO
BEIENS, cis{RE trans (KD EFEIRIEIC BT 2
BT OHEB T RIF—7% AG % CDCLCDCI, H,
AG=AH’—TAS=2.0—3.4X 1073 T (kcal/mol) &
RDBZEMNTESE.
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ATV ZUR @) MON-AFIAN X7 =Y R
(2) @ ortho [\ D& HELDE AL Z NS DA
BloREhEEErEZD5EEEbNS. £Z T, N-
AFIVT 2 RO cis HEEBEEDO — R IEZHEND D
729, 1 %02 ® ortho 71T X F )L Kk & £ D% E A
(3-14; Chart 1) Z & pk, #EIbL, 2O X kG
fEMT S O TH-NMR S E 21727219 TN 6D HE
BT IRDI B, BT I RidEREPHI <X
AT =Y K EERE trans (KTHEMEL 2. N-XF)L
7 2 RIZTHH O XA F)VHER TIRHIT R E IR E
MTEINS ortho-7 b T AFIUIK (14) ZFRWT
CSIKTHEMEL, N-AFILT I RBBOD cisihz &
HIEMDRRD THRNZ ENnh o7z, 7I REED
THMAIZDOWTIE, TRTOFIL b AF)VEHIRIC
BOTIFHTFEEN RN TN (20°LLA).

KRIZIEEWE T D cis/trans 17 1F L1259 % ortho fiL
AFIVHDEE %A CDClL H12 TE ML 7= (Table
D. B 7 I RICBEHL T, CO-Phflld2 DD
ortho ALICHIZ A FINEEFEDILEW 4D cis 7
RIRICEDS ERENB 3% O A1 F—— 7 2FF
DL, TRTXROZX7ZU R Q) &FEUCHEEC
HM—-O>73x3%—0OE—2r %m0, fEidhEFED
trans I CHEEL /=, N-AF)L7 I RE TI3 ortho
LT AF I EHIELZE AT D E, ZD cis/trans Lt
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T BAFIVHDOEAS, trans (KDE|G ZHEINX
¥, ZDO%5I13 N-Ph ® ortho ffDHA LD HAE
W, N-AXAFILT I RIZHMMhb 5T trans B
THEELZLAY 1413, TH-NMR 2B W THEE
R OMINDOEBESG T 7 AR shinl &, £
72, RINT B NHAKT &I D F5FHREE A & <
PTnhaBZEnG, BERPIZBWTSD trans BITTE
FELTWD Z ENRBINT.

cis/trans BVEAL O T3 )V F —[REEIZX T 5 ortho
MDAFIVEDRNRIL, NXOXT7 I RET 90T
Z U REOQEA EHEE, ortho fLAND AFILHED
BMAZEDZEDY 2 REEGORERREEE)S EFH L &
(Table 1). ZRiE, AFIVEODEAIZLD N-Ph,
CO-Ph OHENWD L T7 I RESHEB O HEiE
BENEML, I 5ICAFIVEEDAREEEN cis
W\ trans DEEIREEXL 0 B cis/trans BN DB IR
RE (7 2 REEADEAICIENZIREE) T L TXD
WM< 72D, AG* N ERTHEERINS. £
722 DEHRFERED FFITH L TIE N-Ph EAD A F
VDB A DI CO-Ph EADAF )L EDE A X
DHREBEELG AT

1-3. FRIREOILFEE HEHEBEYIROHR
JEIRBE DNTAKIE IS 12 BT 2 3Rl /e 9ElE, Db
REBICBIT D MAEEICDONWTHEERARLZ S X
7. ROZXT7ZY RKON-AFINAXR> X7 = R
13 @ Stokes & 7 b 2R T I W EYE (F1 emis-
sion) DT, K&EKEEITT 7 b Uk iy

Table 1. Trans/Cis Ratio, 'TH NMR Chemical Shift and Rotational Barrier of Benzanilides and N-Methylben-

zanilides
trans: cis Chemical shift of N-Me (ppm) .
Compound X . . Energy barrior 4G* (kcal/mol)
ratio major (minor)
Benzanilides
1 100: 0
3 100: 0
4 97: 3 20.4£0.2(363 =5 K, in CDCI,CDCl,)
5 100: 0
6 100: 0
7 100: 0
8 100: 0
N-Methylbanzanilides
2 1:999 3.52(3.36)? 13.4£0.3(233£5K, in CDCl)
13.3£0.3(233£5K, in CD,Cl,)
9 10 : 90 3.57(3.22)» 14.7£0.1(286 =2 K, in CDCly)
10 33:67 3.53(3.13) 21.8+0.1(426+2 K, in DMSO-dg)
11 6:94 3.38(3.25) 17.3+0.1(316+2 K, in CDCly)
17.1+0.1(316+2 K, in DMSO-dy)
12 8:92 3.31(3.15) 23.24+0.1(428+2 K, in DMSO-d)
13 22:78 3.39(3.09) 19.4+0.3(383+10 K, in DMSO-dy)
14 100 : 09 3.02

a) At 213 K, b) At 223 K, ¢) A minor peak was not observed in DMSO-dg, even after the solution was kept at about 350 K for 2 hours.
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Table 2. Relative Intensity and Decay Times of Aromatic Anilides in MCH at
300K
Relative o ..
Compound . . Life time of F, emissions
intensity
Benzanilides
1 1.00 860 ps(single decay)
3 0.48 770 ps(single decay)
4 0.12 550 ps(single decay)
5 1.08 990 ps(>99.9%)
6 0.13 680 ps(>99.9%)
7 0.48 860 ps(>99.8%)
8 <0.01 —
N-Methylbenzanilides
2 0.62 1660 ps(96%) 16.5 ns(4%)
9 0.23 1160 ps(98%) 16 ns(2%)
10 0.07 490 ps(single decay)
11 0.35 1300 ps(98%) >6ns2%)
12 0.44 730 ps(single decay)
13 0.12 940 ps(single decay)
14 <0.01 —
Benzoylindoline
15 0.30 1520 ps(98%) >36ns2%)
N-Phenylisoindolinone
16 0.08 <30 ps

W (F2 emission) 2 /R 9 2 ENH S5 TNV
B 02 RERKEES T M, ZOHEEDEIEE
BORENSBERSNZRENS KL TND D
EERLTVWS, INS5DEEWITBITHEEILD
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PhdhpdW0WIETY I REEGORALNEEDS 7 FNCT
(TICT), B _#7 I ROEHIFZENITMATT O
N B#HEEETHLENDS. £ T, ZORE
BENDOEHEANZALZHSNIT S0,
YAG L —H—ThHiELZO—43 > 6G &EHWN,
RIOZX7 2 REOENIZIDWTE IR0t 217-
7= (Table 2). 29 FijHilZ/R L /= ortho fif &2 A F)LVET
B L /=X X7 =Y REIL, N-Ph, CO-Ph @ [q]
2R UNIREICRFEL 5%, £/ N-Ph O[al#x
EEELEA 2 RY FEEK 15), 7 REGD
Al ZEELEZN-T7 V11> RY J > (16)
IZDWTHHIE 21T > /= (Chart 2; Table 2). 5
W7 2 ROBE, TOECIBEKRELEZRST,
T2, BEHRT I REFABROFMZRFD —FE DR
DDOHINSRRD, EREEEIN TV 0~ BE)
D FECHEMETINI R SN 7s/n o /=, ortho fif %
AFIVETEBRL 2N X7 2 REICBWTIE,
FOEICRENEBLD S DI LN — AT BETR
ENGE IR TWBEZ EMNMS, 72 RiEaehLE
L7 FHNCT 2> TWA Z ENRBEINZ. £
7=, fLEM161I2DONWT, O X7 REE

S —

(trans : cis = 70:30
at 223 K in CDCl;)
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[f] UM I K B3I L 7= 2 &3, Rk
RENSOBENE LY, 72 RO UNZIREEN S
FHLTNBEZEEZRSRMBL TS, I5ICL
DOMNDILEMITDNWT, FEIRIED cis/trans I8 H
HRREOLROVEHIIH DITHNND BT, EIHEH
DRAAREHNT 1R B75 2 E1E, ZoHsHzsHE
FFTNn5E, INH60ERID, XOX7Z) RHE
RS 2 ORFE IR EDOHIT, I REIZHENWT
T I RESMN A UN-MHEE (TICT state) 7 6
FAL TnBZENERDT 5Nk (Fig. 4).
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Fig. 4. Mechanisms for F; and F, Emissions of Aromatic
Amides
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JVEEMMPROX Y B OmEIZH LU TH UM, syn
BICERELTHBD, ZNSOMEMIT I ROME
MINHFDOEZ (N-RXAN-N-AF)73I /) X
CEIZDOWTH RSN,

KIZ, R2YEBEO meta fiLiZ 3 DD N-AF )L -
N-7xZ)VANWNEAINEEZFHEDODNY T I R 20,
21 0 X ffEtiafro 7=, ZobawmIEniz2&
WCEFD3DDON-T7 = Z)VENT XTH S MITIER
B AR E BN S syn BICHE & L TW/= (Fig.
6) LML ZENTNON-TzINHIZTZD—FHD
ortho @O 7O MM —FDOBEON-7 = Z)VID
ROV CBEOFEFEHRIZHNI XIICHEL TW
. ZTORER, o FIE R 3 mEEgEEE © > T
B, 7OXRFBELTWZ, K7z ZI)LHEN
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DI EMERICIERHT 2 &, Jorgensen b &H 5 Wik
Hobza 5 MEIEIC K DR RV 1 —D

0 N-CHs

18 19

Anti-form

Fig. 5. Crystal Structures of Bis(/N-methyl-N-phenylcarbamoyl)benzenes (17-19)
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Fig. 6.

P2EMEE D S B distorted T-shaped % 0 {7 & B (%12
WG %2 & > Tz (Table 3).2729

FEERR KRR 7 T ZIVEEDYEEL U - E R RIS B
S INSOFERKRY I K 18, 20, 211%, 'H-NMR
OEEACHEIZBNWT, HEKRERDO I )L
T MZRERBEKGENAL SN O RKIIN-T 1
ZIIVHED ortho ffdDT O MDA I IV 7 MR
ENEL<R5I1I2oN, KELEWH 7ML, &
)7 2 R20 T3 EZ 110K TO0.27ppm @O A
JIV 7 h#EZER LU (Table 4). Z L&MW,
mRT, #EERPCTRsSNZL D hsyn B, —D0
N-T x ZI)VENP RO BT U T O
WCMET D anti O T A—3 3 I THEWN
VEichHBHEBZLND. ZOTFI AT T DR
EBREER, KBICBNWT, I AT 70K 0D

Table 4.
of Aromatic N-Methylanilides (19-21)

21

Crystal Structures of Tris(N-methyl-N-phenylcarbamoyl)benzenes (20, 21)

Table 3. Comparison of Ring Center-Ring Center Distances
between the N-Phenyl Groups of Aromatic N-Methylanilides
(18, 20, 22) and Optimized Benzene Dimers?7-28

Ring center-ring center distance

Compound
(A)
18 6.36
20 5.28,5.49, 5.42
21 4.99, 5.00, 5.00
Calculated optima
T-shaped 5.199 5,00
distorted T-shaped 4.999  5.059

a) Ref. 27, b) Ref. 28.

Coalescence Point of N-Methyl Peaks and Temperature Dependence of 'H-NMR Chemical Shift

Temp Chemical shift (ppm) ) )
Compound (Existence ratio)
X) Ho Hm Hp N-Me
18 293 6.89 | 721  7.15 3.36
(m-) 2330 681 | 7.19  7.13 3.35
183 675 | 7.17  7.13 333 (98.0%), 3.43(1.0%), 2.71(1.0%)
19 293 6.93 7.7 7.1 3.37
@-) 2430 6.90 7.5  7.10 3.36
183 6.90 7.3 7.09 333 (97.6%), 3.42(1.2%), 3.14(1.2%)
20 293 6.66 | 7.22 1.23 3.28
1,3,5-) 2330 6.50 | 7.19 — 722 3.8
183 639 | 7.17 1.2 324 (98.8%), 3.36(0.8%), 2.34(0.4%)

a) Coalescence point (£5 K) of the major peak of N-Me and the minor peak in lower field.
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BRI H D EEZ SN D syn J%L@Tﬁﬂ:ﬁfﬁ
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ASIMRKRENWEEZ B EFHHT S I ENTE (Fig.
7, BUYIR2IZDWT, AG=AH—TAS =
2.1—8.4X 107 3T (kcal/mol) &R B Z &N T =
72. PT7IR1BIZDODVWTHIBOEHEZITD &,

AG'=AH—TAS°=0.72—3.6 X103 T(kcal/mol) &
o/, TNH2D0AHMEXD, —fDO 7 =
JVERBNICE < WSIMRMHEERORE I 24 0.9
kcal/mol & HfE® 5017z,

222, NFABFORE —HOFEBRTIROD
SARIEFEITES T 578 D H T, 0-Bis(N-benzoyl-N-
methylamino)benzene(22) 2 EEfE T F )L 72 5 D i
fBIT& D, AAEESERELTHRTSHIE, T
B, FINWNITIATH—A—=2 3 %R
EERRWHLUZ O3 FERERSGEREETO &, 1
DDT I AEENDREMNT R T[FE— D EMR
720, IEFITEWAF IR THX 7R FE DR
MEZ o7z, TOP7 I RREIAFHLERZR
WY, Ar-N#EGOEEZIICEK D FAFZEEL, (R,
R-1&, (S, S)- KDL F>>FFT—INHELEL DB
(Fig. 8). —fMIc, BESINTWRWSTF (3>
T+ A= a WICEHEDD S5T) ORERIZH
WTIE—XD, P TFAFLCEDISIFFAFIT—N
1: 1 THEET S, UKL, 22 DfEHEP TIEHE
MAEFHD 4 DD FINT XRTHE—HMITENTH
D, —HOWERDOANAE SN (Fig. 9a). &%
DREEN SR DFEREICONT, k%2 KBry 7
Ly hETBHZET, /MR 2HO CD AR M
2D ENTERE (Fig. 100, 22T, 250nm ff

temperature AG® = AEP - TAS®

<0

low
>0
b
7 & YA
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r ik, Sy g
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Fig. 7. Temperature Dependence of the Energy Profile of 20

WIZT I A0y bR ERTHD%E (+)-crys-
tal, £/ A F 20Oy MR ERTHDE
( )-crystal EFERZ EETEH, Z0ay bR

e FIE M A f i 2 AR I CIA ISR iR L, IR
75:11:9 FEFERICHEZITD ZET, BWRPIZH
WTHEHITHZENTE . @a@%ﬁ#%mﬁ
R TES TGRS E SN D, B
BRI DNEEN D &, /Y‘Pn—“% )
LT T D5 /KESLIZRENESN, O
mHIZiE, 20T F > FF =211 THEL,
YRR B R X I o J= (Fig. 9b).

KIZ, 'TH-NMR HIEIC LD, 7 I R20FHH
2 E) A FE T T X 2, 303D (+ )-crystal 1T (—)-
crystal =B I TR UIKIRICTHIEZTD &,
N-Me IZHInT 2 —27 &L TR/NTADREEIS 1

£ .3
r ot

(S, S)-form (R, R)-form

A
N\
s
.CH
N- s
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22
Fig. 8. Two Enantiomeric Anti-cis/cis Conformer of 22

CaHyoN>0,
mp. 162.0 °C
P2;2,2,
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(b)

Ca2HyoN>02-H,0
mp. 145.5 °C

P2 I/l‘l
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Fig. 9. ORTEP Views of the Crystal Structure of (a) the
Chiral Crystal (22) and (b) Racemic Compound (22-H,0)
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Fig. 10. CD Spectra of the Two Enantiomeric Crystals of 22
(100 ug) in KBr (100 mg)

L

(d

(©)

rnon H0

(b)

(a) (+)- or (-)-crystal was dissolved at room temperature, and
the solution was cooled.

(b) (+)- or (-)-crystal was dissolved at 178 K in CD,Cl,.

(¢) (+)- or (-)-crystal was dissolved in CD,Cl, solution of
(8)-1,1’-bi-2-naphthol (15 equiv.) at room temperature, and
the solution was cooled.

(d) (+)-crystal was dissolved in a cooled CD,Cl, solution of
($)-1,1’-bi-2-naphthol (15 equiv.) at 178 K

(e) (-)-crystal was dissolved in a cooled CD,Cl, solution of
(S)-1,1’-bi-2-naphthol (15 equiv.) at 178 K

Fig. 11. 'H-NMR Spectra (N-Methyl Region) of 22 in
CD,Cl, at 183 K

(Fig. 11a), 7 X R#EG O cis/trans 5%, K& Ar-
N D [a[#E[EEEICHET 22502 7 + X —0NF
TFELTWB I ENGMhoT., Fiz, (+)-crystal X
& (—)-crystal Z CD,CL IZKIRICTHEML, EHS
WWHIE 2175 & —FEDO N-Me DE — 27 O AN H,

537z (Fig. 11b). ZOE—ZZFDrI )7
MR ELBEBEBICH D Z N5, KRS
ARonza 73—l ThwasEEZ SN
%, W T IREEIC H 5 Fig. 11a DIREEIC,
YeFIEMETS (R X1 S @) 1,17-bi-2-naphthol % 7%
IEBE, EE—VIIFNFTNHESMEDIFITEL W
2ARDYE =712 L /= (Fig. 11c). $ b b Vil
WZHHA2T X —DD6, WMHEENC & C,D
LD, R8T FFFY—DLN1:1DRD THE
FELTWRZ., 500 DKEEMERL-bi-2-
naphthol Z &5/ L /= CD,Cl, Z W, (+)-crystal
X1Z (—)-crystal Z2{EKBICTHEML, BHITHITEZ
15 &, (+)crystal &2 AW E & (—)-crystal
DiEHERWEGEETHEONAE—2 D I 1)L
27 bR D (Fig. 11d, 1le), F IV BEBED
T, ZO2OITF > FAY—2KXFIT D ENA]
HETHho. INHDOI T CD AXRY MVHIER
BWTHALGNZEDIT, ROEEmTR N1
DOMEFHERE LU TOIEEND, TR THN
WEHRIRICLZEZICBRFFINE I EZRLTW
5. F7z 22136 E M 78 1,17-bi-2-naphthol & 1 :
1 DR ZR L, 1,1-bi-2-naphthol D YE2ATE I
K0, BRAPITBVWT 2RO TFAFTN—HICHE
INTWE, ZORMEZERIRICTAREICERL, ©
@ 'H-NMR O R AL ZED 2 EITXD, (+)-
crystal, (—)-crystal D #fixf i 1& &2 Z 11241 (R, R),
(S,S) EIRET B EMTE/ (Fig. 12).

—EHDT X MeEY O EEEZFH R THH
T, P73 R2DOMIZH, o-Bis(N-formylamino)
benzene(23)<> N-methyltoluanilide (9) DN E2E
EMER LU (Fig. 13). 31923 DL J — )LD i
HUZRRPO 0TI, TOXY RO
L TCR—HHIEWZ2 D0 (Z)-NHCHO % f
LTW5a, BAETHOTXTOHFHECREIT
HW/=2D® (Z)-NHCHO (£ %2#->TH0, Bk
ISR E U TREEN DD ER> TS, B
HFIZBIT2 23 D7 LD TRV F —[REET 22 1T
ExiZeanichasnweEEZ5NS. LEWIIT Ar-
CO#EADMEIRIZE D Ar-CH; 287 2 RO HILR =
JVSETENCH U T, re-BNCALET 2 Ay, si-TE AN
METEINTHFAFEZELSDN, BbHLANWIE
21 DDA FHITHE A ERN 2 1 DHERTHE
fEL7. ZHUIHZEEROHAIEROHFIZAF DM A
TERMH B ZEaRL, EHTIEDDN5HOWR
HRETHAS.

2-3. IRRFBEHERT IR

m-(Methylamino)benzoic acid % SiCl, % i\ Tifg
AETBHZEICLKD, 3I—6BEADEBRFIYIY—7%
FNFN41%, 11%, 6%, 8% DINHE T/~ (Chart
3).3 & / ¥ — & LU T m-aminobenzoic acid % f \»
5E, ZoLORREKRIES NN EMN
5, ZOMISDETITIEN-AFILTY I RfEGOA
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..............

(+)-crystal (-)-crystal (-)-crystal
K\ (S,5)-conformer J/
(R,R)-conformer
Fig. 12. Determination of Absolute Configuration of 22 by

Kinetic 'TH-NMR Measurement
(a) 'TH-NMR spectra (N-methyl region) of the mixed crystal of (R,R)-22
with (R)-1,1’-bi-2-naphthol at 203 K. (i) The mixed crystal was dis-
solved at 203 K and the spectrum was immediately measured.
Further measurements were made after the sample was kept (ii) at 213 K
for 60 min and then (iii) at 243 K for 10 min.

(b) The same experiments were run on the mixed crystal of (S,S)-22 with
(S)-1,1’-bi-2-naphthol.

Fig. 13. Crystal Structure of 23(a) and 9(b)

B7s cis BAEMEN RIS RIARDIIARITRKE S
Tmét%i%hé ROEWERILTEONLER

IR=1AK 24 13 Stoddart 5 NI ERZTT> T
WD, 6D EF/S D HIETIE 1 B, SIERTZ
NEEDZENTER, 2413 REPITBWTER
CRHEDI T A= 3 > THEL, MH#ERIR
DFrvET 1 —2BHKL T/ (Fig. 14). 3D
N-AF)IVT I REEZIDRED cis Bz E> TV, N-
AFIVT 2 RECARLGAMERH D, hDENSN
meta f, THES L TWVWBED, TDI2 T4 A=

COOH
SiCly / Py, reflux
48 h
Me/NH
n = 1 (trimer, 24, 41 %)
n = 2 (tetramer, 11 %)
n = 3 (pentamer, 6 %)
n = 4 (hexamer, 8 %)
Chart 3

(b)

Fig. 14. ORTEP and Space-filling View of Cyclic Triamide 24

a VA FAFERD, 3DONEUBNTRT
YIROBEADICKEELZO T A= 3 2NFD
KR ER T2 D, B TITIE A WIS R R
THB2HnTNEENTN .

CD,CLH 'H-NMR 2l Ed % &, R TIXT
O—RaFr—RESNEN, KETEv—7
O — 7 (66 : 34at233K) ITHhEEL 7=
(Fig. 15). AV ¥ —a>74~X—, XA F+—a>7
F X —DRIFBEICEI > TERD, EAY /=)
FITIE94:61233K) &/ao/z. APy—E—2IF
FOXMHENSERPTRSNZO T4 A= 3
VEROOC T A—T a3 ilRES NG <A
F—E — 2713 6.33 ppm D E 51T singlet B2 — 7 78
BonsZEms, 1 DO UBAKRIEEL TE
DorthoffOTO RN D2DDOXRUY ED
anisotropic effect 2Z T TWA 2> T4 A— 3 >
WIS /- (Fig. 15). ZOEERUMAEIC
L TWRW2DDOX Y U BRIFIEEMICR D
M, TOHBEEELEMNE BHIIKEET 5 ENEET 5
OO T4 A= 3 > ElFHWCEGADRRIC
B0, EEMICRBIETON OB EOTON
WL THEM LR, BODORE VRN KR
5EHEQATH A= aOHEBKERD, Z
D—HORX Y VROKEN T ILOHEEEND
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Anti-form

H o

A

6.6 62 ppm

Fig. 15. 'H-NMR Spectra (Aromatic Region) of 24 in CD,Cl, at 183 K and the Conformational Equilibrium in Solution

ZEWITRB, LEN->T, I 3I{bDEEEMEIIY)
HDOXREVBRBOKETHD, AFIVEORMEIRE
INBZ DI R)F —fEEEIL 13.5 keal/mol &3R8 5
Nz ZoEYOREEFRTRONZI T+ A—
A OEOFYET A —3RAMEEW LR BIC
WF/NZ VD, RO O meta fLICEHREEEAT S
EIZXD, KOREBFYET 2B THIEN
AHETH D, WEEZFE>-—BOKRA MeEmET
YA THIENAFETH S,

3. N-AFIIUT 3 RD cis WEED—K{L

1. BREILTY, 97=>> INETH
SNEEDR, FEETY I ROMNAKE#RE, Thz
WG E L THROBFRRTL TS, 0 £/-%
DEBAERTH DT 7 =2 /&I BNWTHH
BRiICA SN, BT I RBEZFFONN -7
T2 LT (25) FHEET, 200 C-NEEGE
HIZ trans LTHEET 5. 251 TN-AFI)JVEE1D
%l?ét%@CN{% MceisBIERD, I5ITH
D91 DN-AFILZNN-AFI)-NN -7
1:)1/'7 L7 (26) T, (cis, cis) BADN ¥ 2B

Urea

CH [
N\“/N N-Methylation Q\N/ ;/3'\ o &= §6.=,M;e
( o >\© N>:‘3/ e [ &—<=9
o e e

WA % v 7 UkitmiiEz2FD (Fig. 16). 2D
D72 HDETAHILISCT, N-AFIINIZ
TZUR Q) KHERNTXECERLENLDEST
CELMMNAESTWS., HEETL T7ILAEYT
ﬁ,%@CNf B OEEREEETY I RS & X
T/hEL, KETO HNMR HIFICBWTHE T
DI FR—ZFEHEIT S LI TERMSZ. LY
25 £ 26 DL 7 hELKT S L, 26 DHERT
O b3, 2512 RTHEATH 0.5 ppm O &%
T MBAESN, FNENE RS S UM ER
m*f%@%bfbé ENRBEI N,

T7 YB3 L T7REEDONIVRZIVEEA
2RI ﬁﬁbtﬁ%ﬁfﬁé NN -7 =)
Ty 22T ERBTIVMTEELTHBD,
NN -7 xZ) oL 725 1387 -> T (trans,
cis) BlOPrn 7= i THEL Tz (Fig. 16).3 7
TZOU2IDE AFIVILIKTH B N- X F )b
-NN-DJ7zZ )T 7= TH, (trans, cis) #
D7 )REGEEZAEL T\, 139 X 5|12 N-AF)L
ftxN, NNN-PAFIV-NN-PT )V 77 =

Ry

trans, trans o »
25 26
Guanidine
S A~
. N
N. NH N-Methylation N o~~~ o=y
NH, cis, cis =<
+ 2
S\ S e
NH2 CH3 @ e ¥
o @
trans, cis
27 28

Fig. 16. Stereochemical Alternation by N-Methylation of Aromatic Ureas and Guanidines
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D2 DONARREEE, EEPICBNWTTL Y 26 &5
B, ZxZIIERENEWIIZHEE > = (s,
cis) I THEL TV, ZOHFBFRBIREE T
O (7P A T 128) ITBWTHRKEIC
Ronf. Zofs, 772 /703250 C-N
BEDEIMIFHEL L, YREGICK> TEr —
HAEGHENMITHFICHAL TWDH T EARBIN
2. 72V AT, YLT7HEICIEXRCN
O OEEEE —BE<, T0RD, HEBRTT
U CHEMARRVOEFDE (28) O 'H-NMR Tl

130 CD,CL H, 183K THAFRITHINT D H
—DITFIEG AT L7 2526 DL%ET T
MEoltms, V722 KNI 72O 0 F
> 281%, CD,CL AT TR DOFITBNTDH
(cis, cis) TIREE B L TWB Z LRI NI,

32. BRREEERHOFEERILTY, /7=
Wi CRREZFEEIL Y, T7 2220 cis Bl
M, HEBRN-AFILT I ROBE LR, K
AEKE L TEDOMNAREEIILEBYTHD, DI
R Z W T HBRRSE D Tl T2 &)
T&E/. NN-DAFIVT LTS, NN-VAF
WY 2D ) REETS DO EER% meta fii 5 L <
13 para fif THElfE L 72L & (29-32) D MG T
1, WINBHBIRTOTLTHEELLRZ T 7Y
J RSB (cis, cis) BE LD, HTNTEEKSE
W& Z Rk L C W /= (Fig. 17). 1012 HHRBFE + D
BEAITIFZC E, B/ X—ICHED2TL T 26 %
LB/ 72908104228 B<HELL T
2. ZOXODBEHEDEWILY « F7ZV %
AN L BHEE 2 BT B 2 SIZBREN. £/22
N5 4D0IEMTTRT, 'THNMR O 2 AL
27 b DN S EETICTB W T b L @RS THEE

M M
N e M
Me =0 N, N)=O
N, o e
Me Ny
Me’N\Q\N):O . N@
Me e’

g N Me
0 e OXNQ\NFO
N Me N
W e
29 30

LTWBZENREBENT .

F2, INSOERSFOHT, meta BHK 30,
RIFEARFZHEL TVNDS O ZNENRIENS T L
THEXZT 72D IR EREEoTIT< &, A&
EOLRARR/ DN TEEBZOSBAZEDDT
M2 DT OEMET L2009 0%. HHEDEHWS T
Do TR ABEEIZLIZI0E L L, 30, 32 D&
12, ABE EBIZSTAZEDHTNIL 1 THE
FETHI7 IR THo -

4. FFREADOILH (DNA ZEHE LT
EiE59)

FEBETIR, LY, F7Z22 20 cis BB,
2R, TOREAERICEREZMNMNT S Z &I
K0, BEDZRICHEE 2 £F o T BERENE 7> 7 & R4
THZEMUETHS. ZDOHlEL T, DNA X
ZHME UEREE S FE AR L, TORREZRN
7z.

{bEW 333 P UFER2TFET T D
MR E L TFHF AL, TN% cis BIRE THAS
L7zbDTHD. 4 ZDEaMIERXT N 26k
BAOKET, BROESKZERL THE&ELLZ
(Fig. 18). IBIEHTICBVWTHERY My ViEkzE
1M 'O =5 —DREGER TR LE., £/
YL THEY D UBEKRDOATIIZOLS &
BNES R RIBN ORI ENDS, BREHO syn
MINDOEENRKEBFESERLD O TEHRER> T
WsEEZLNS. ORI, IS OREREE
EEOHAEKN, DNADOLSRLEMHEEED
LBV DR R FEHIEEYNEBHL 55 2 & %R
BLTW3, 5 1D0#]& L T, Fukutomi 513
Fig. 171 R L7722 E7 7 =2 28K (31,32) 7n
DNA OfI#EIZH Ui arEzR> &2 R0l L

Me M
o ve, SN
Me N 2 H.N N, o NH2
N 'Me zMe\_(*N@’l\HVIe
Me 4
we &N =
Me +—NH, MeN Me
HoN—+ Me 2% N°_ O-NH,
e ot
Mé Me

31 32

Fig. 17. Crystal Structures of Mutilayered Ureas (29, 30) and Guanidines (31, 32)
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The hydrogen atoms of the complex are omitted.

Fig. 18. Crystal Structure of the Cocrystal of 33 and the Bis-cytosine Compound

7. DNAEED R RKREIE2EET D &,
FILL, ROEVBRMEAERSEREEORES
DHTRILEED I IENFHEIN, BERLD
DNA (12 & {A CGCGAATTCGCG) @ gl 7% 1z 31,
RP/EET DT ENFEMAENITRI N, F
7=, RAVE#EEZH WS Z & T, DNA EOH#A

¥M10M ' 0F—4—ThH0, RFA72 DNA &l
AT THE 2O T U EO#EMMEZED
T EMNERICHIHEND SN,

EhYIC

DL ER R 7= SRR, AERBKT IR, UL 7,

TPV HDCNBESIIBWT 2FE2AF)
kT2 LcsfEEZ2ED] EWHHTEHENTH
5., ZOZEFMH THMABHTHRKTHSIZHMND
579, INFETHhIFOFRBIN TR Zh
5DREE OREZRIARWFEHIT, WO RERE
syn HFIAICHEEL 552 ETHD, ZoKHIIs T
DOZRITTHIBEE ORI TERTH 5. /-,

IS DOFEE DN RREMALD T %)) F —[EEET sp?
R DK —HEAEE DKL DI D MNMT/NE <F
MThD, £/, < OHEEEDEEED L DITIZH
RN, ZOZREM, 2T O=RcHiEE 2
B L TUEIMOMEEEE LT R IIR%E 24
AL, HER—GFERMAEERDO XD RKTF 2N
AT, MEONAREEEHEELS D, IS5ICERKE
PEREOEAICLDKER/GREERMINTEZ &
XD, BEEDSHEY)TRE, BLL O TiEoTY
A WS ZENAEETH 5.

WEE AHEZREDDITHZD, KEEN T
fRBWEEEE Uz, HEKRFELELR Eikih—
Jotk, KA wansh 2 ST W= L
9. Fh, XBEEREBEMTZEZTo TWikE
X, BoNET—YOMRIZDONTEL EH AT
REEFELR, TEREMTE Y —  IHOEKES
AN ZLET. L —TF—2HWn=Et0oH
FEIWZBHEWEEEE U, SIRKRELZER

BRE A, TRERFEEED R IR ST A
WL XY, XRiEmSEEmRTT, stREEFECOn
THhEWEEEE U, SO TIEL, &Rk
B, EEAEL, FRE-ELICE# 0L X
I Kz, MiEEL, mEEEAEL, MAMEL
(B - HFERIRY), PRAREL, NMRFE
+, IREEEEL, HEEFEZRD, RS
BT 52 < OIFERFFEE DT 2 ITE# Wz L R
9. BE, AMROFEEOBKROENNTHYEZE
ATNZWTHBO XY, JLERZFHEEEL  &osh
HERITE# W2 LR T
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