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—H. RARTZARTFIZA M) OHBFIIBNT, V5T I—FNRT7H s 5
JI—=F) RADN) O&BAFZ (KAL) IZHNTHEMEICET HHENEL It
INTVWS, RAMDEBEIFFTHT 28MEIIHTA MEBSHDIAREFHERIC
EAEN, BBI NS5 A NOBRMEIT cavity O rigidity F 7213 flexibility 12 ZE X 1T
Wb, ZOEXIRBRERDOD EITEFIL cavity DEEZHIH T S & LT 2,5-cis-
diphenylpiperazine & E AR BALITHA AN T T VST I—-FN2HFE L. 208
R EBEEIC D W TRETL 7=,



B2E EROMADOEE LEE O H#
¥ 180 cis-2,5-Diphenylpiperazine FFEAED A2 T+ A— 3 »

PRSI BIIRAERRICE DV char B, boat BIOREIL T 4N—%2EDZ
BEFTRL, IEAMNMIIHIERETOREGEGHNEZ SNZOTHRICOIEL R
BELnEZ NS (figure 2.1)

Figure 2.1 (a) fluttering of piperazine ring and (b) inversion of nitrogen

(2) “k;:::::zﬁu —_ nfi:::::;} (b)
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Frr, ERSPUVERBORMCIED O MbEN, BRI CEZULEERS,
FOB, BOBNEBICEXDE )7 ETULAESDWVWES T R LBEERBS-E
Brrb, TN TFA—2arb T EKOERTTDUERUL, WAWATL

A2 THA—TalBhEZ5N5,
Figure 2.2 Conformations of trans- and cis-1,4-dibenzoyl-2,5-diphenylpiperazines (9, 10)
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PO \/‘N\VPh 04/' 'Pf;,hﬁo
o)

Me
trans 9
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Tsuboyama % I3 1,4-dibenzoyl-2,5-dimethylpiperazine D AR, #ERIREETO I T3 A—
g > % 'H-NMR B X BT TENTNEIT L TWB™ Y (figure 2.2) . TDRER,
trans 7K 9 1IN BERIN chair BITH D DITH U T, cis 1K 10 Tl twist-boat B TH B Z &M
HIBH U7z, Okamoto {3 trans-2,5-dimethylpiperazine 7% chair BIELJEZ & > T3 Z £ %X
FARITIC KO PRE L7, 7z, Toma 5134 FH%EH & 'HNMR 2 HWNWT, cis-2,6-
dialkylpiperazine FFEMA (11~14) DREEBAT 21TV, TIN5 OSEFBIEH & OHEEFHRT
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2a BNRETHDMN, 14 TIELI 7 NUTINBENELE THS, HEHEIEHOIEREE
5 ulb B TI—~DF T4 27 4 BBEETHNTREFEDS A 65~200 fE&H - 7z,

Figure 2.3 Conformations of piperazines 11~14 and their affinity towards p~receptor

R R R M
|—\ | \ N~ 2
1)—\ -R l y NaRg /N/\LMe R2 = -CH,
N 2 Mgﬂe N’R2 R1 |\ —
11 12 13 14 Ph
kj=37 nM kj=22 nM k; =68 nM - ki = 4400 nM

—F. ZO10EMCEROINV—TICL>T, TR T+ A—a &
BUTHEERERER SV ERERE L EARBFARVER O THRESNTNHS T %
25 Bl 213, Falomni HIIFEEMIRERT P 15 2 AXDAEFY H > R & LT Dibal-H
CEBF R 16 D2H/ TN 1T ADLF > FAERIBTRG Z|EL T3,
F7~, Soai HITMBEEDOHEEHERERT D 18ZARFUHN L RELUTHAL &
benzaldehyde (19) ~D T TFIVEIC LD TF > F A BRI T IV FIULRIE' 2170,
BOTEWAFNRT2HE TN I 20 25K L TS (sheme2.1) o

Scheme 2.1 Representative asymmmetric reactions using chiral piperazines
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16 ipr

HN  NH (6 mol%)
0 OH

18 ipy .
H
"BulLli, EtoZn

19 20 68% (90% ee)

¥ 7= Fuji 513, (2R, 5R)-cis-2,5-diphenylpiperazine (21) OFE R ZRAFU T > R L
WS DOHDITF O FABRBKIBICDON THEL TS (scheme 2.2) o H#EEMERE
ZERT DY 22 Z2MUBAAITVLORF VA REL THWTHEERN AT L
ROaF )L EFTD &, trans-stilbene (23) D5 98% ee & WV D D TEWAFTINR TIF—
NV 2aES NS, i, HBEEWR 21 Z2DIFINVEROARFY A RELT, 19
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EBWEL TS, PUEZULAETH S 21-HCl KU 212HCLIZ L/ L— NDOARE
70 MAERISIZIGHATE . B2 21HCLZ, /)7 57— h25HEKDOU F I A
T L—b%70%ee DREFRRTT N AR 26 ICE#HL',

Scheme 2.2 Direct asymmetric syntheses using (2R,5R)-2,5-diphenylpiperazine (21)
and its derivatives

Ph 0sO4 HO  Ph

~ Ph, Ph, PhH OH

S N
N ’ 81% (98% ee)

7\ Ph 22 Ph
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n_/ :
3 21, Et,Zn
Ph H 2 -
ent-20
19

(2R,5R)-2,5-diphenyl- 46% (46% ee)
piperazine (21)
— OAc o
i) MeLi ~
Ph iiy 21HCI Ph
05 26
85% (70% ee)

EROEDIRCFINERT D VRABFRBICBNWTENRARFRELTUEHIATL
HIZBEDLLT, ENS5DAL T+ A— a VIREATIHANARR L TS AIZ, Rk
DOEEBNZRIZERAHAITLIRINT VRN, E5REFIINERSTOFE %
T 5I2iE, EN5 OBEMANARTIRTH 5,

FZT. %#1Z cis-2,5-diphenylpiperazine (21) &% DFEK (chart 2.1) ZEFIALE
MELTRENR, TNS50T7 UK, )7 EZULME, RUOPTY D EZY LAMEDOER
REEEBREBTOOAD T4 A= a3 iZDWT, NMR RUNX T2 AW TERL
7o

Chart 2.1
Ph, Ph, : Ph
RN NR, RN NRy *HX RN  NR, ¢ 2HX
Ph Ph Ph
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T, REMBECRERBEONEISONTED, TEL
2ICHED VU -V RRIGOBENEENT VS, (] Q
1 4-Diazabicyclo[2.2.2]octane®® (DABCO™; 27) X 4-dimethyl- \7
aminopyridine’”’ (DMAP; 28) IZ R T h 2K EM 0k LT roo0 &) DMAP(28)
EFPTTERENZREMENEEINTNS, BICREMIELE® 0BT, 20
2.3 FEEID SR BEE AR ET R SR HME XTI UH =2, 1995 4F Hirama 5 13 YE52E
P73 DABCO FEE(R 29 Z it & LT, methyl vinyl ketone & p-nitrobenzaldehyde 7 &5 Y%
EWRTUIILTINA =30 085515 EHEL TWBEY (R Baylis-Hillman K JiR) .
1996 £E Vedejs SIIHZEE MR A 7 0 > 31 ZREAEICHAY., BEKMEDRET I
R ZRBALTIIED 2/ IVI—)) 32 OFEERAEDEZHRELE, £
7z, 1997 Iz F 4 BHFATEME/Z DMAP FEAR 33 2l & LT, AFTY IMERIBIC K
55 IEOTIVA—)) 34 OFEERINFELEEHRE L TS’ (scheme 2.3)

Scheme 2.3 Example of asymmetric syntheses using chiral nucleophilic catalysts

0 [N\}—OBn (15 mol%) OH 0
@ > i
hydroquinone (1 mol%)

5 Kbar OzN 30 45% (47% ee)
P i
L0 0
m 31 (5 mol%) ©/-\¢Bu
(m-CICgH4CO),0
(rac)-32 25% (81% ee) s=~15

R PPrco),0 SN
OY ( )2 EI hd
3 O
LE o L
OH
(38 A 315 raceve
R= p—MezNCGH4' Hon woH (>(ég% ee)ry

N = 33 s=12
\ N (5 mol%)

DABCOZPRG T D2DODNEERFEITF LV VHETEBLIAILEYMTHD, BF
BEFoo— > R7EMNCHEH LIRS TWS, BIEREENE <, o,p RV



RIEEWREE KL, Eild & 5 75 Baylis-Hillman RJE7% E Z Al 37 % sRis i
ELTIRESL®Y, £ MBEAZXI DAY RELTHBE, AL 742D
IR b RO F IR BERET 2, REZEA L=+ F)L DABCOIL 35 DI

HEEONPEINTNS (chart2.2)

F T, BEHIIETIR D cis-2,5-diphenylpiperazine (21) % JF £} & U Tecis-2,5-diphenyl-
DABCO (35) D& R ZEME L7z (scheme2.4) . £/2. TOEEIIDODWVWTHERERZ
o7z,

Chart 2.2 Another chiral DABCOs Scheme 2.4
, Ph Ph,
ﬂ : y
[ N HN NH = N-L-N
Ph NT — —/
Ph Ph
Sharpless et al. Soai et al. 21

2,5-diphenyl-DABCO (35)

$ 3 cis-2,5-Diphenylpiperazine TRERBEAL ST HRRIRIEE DGR EHE

1967 £EIZ Pedersen MO IS —FIMNROKEZICES T, EBHEOTIVAY &F
A 2 EERIRINCRET D EHmET UTLR, ERECESOMFREN KRR TT
T—FIIVBEEREERL CEBA A 0T VEZUAN A VIS BB DN TR
BELTWBEY, &2, WFA CREFNTHIBERTEERETICBRLEZTY Y 5
> I—F I DNTHRIEESHEMTbNTNSEY, BRIBEL D —FLHEEH
BETEDEDZRTEMBFA N TFOBENBSIITAS, LT, BEITHARED
VI RRBETTHA-0V 7 MalkEZE2D DBBERICH L TXOBWEMENE T
E. BBEBIA L OBERNRBHRITICHTE S,

750 =T IVEIIBT SR A CRBOFENMEZETHERELT. (1)
BERERLL (cavity) DRZFS, (2) BENHEMEA CHEHEER (RF—REFOK
BROSMFEEICER) . (3) caviy NTOBUKEMEMRRRE, T2V E—/
ZRBH TSNS, FICBEREA A ORBOHEITIE. (2) KBWTHEMEE
RANEEIZRZZEDBLIEBLETH S, £ EOSBERBIT AN EN - BRI
RO Z N E—RZERITIA T, RBEBIALO flexibility B 5 Wi rigidity &\ o7z
I hOE—MARERICOXEINS, BEHFMOEESCEAENSTIEL. FA R
IR THENEL L THERERERIES ZENTES, LML, THICKEBIL TR
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Figure 2.4 Formation constants (log K1) for nonbridged and bridged macrocycles

oy o™

[NH HNj [NH N1j [ NH HNj [FN N1
NH HN NH N NH HN N N)j
formation constants K/O\) K/O\)

(log K7) 36 37 38 39

Ni?t (§=0)2 14.0 14.3 <2 <2

Cu?t 23.3 21.5 7.04 <2

7Zn2t 16.2 11.0 <2 <2

Ccd+ 14.3 10.1 479 <2

Pb2+ 15.9 11.7 5.36 473

a) low spin nickel cation

1982 4 Ramasubbu & Wainwright 3. 1,4,7,10-tetraazacyclododecane (36) IZ LR B S5
DUREMA NN 371E. BENBEIND Z EITKD NI ICH T A0 BRMEN
MOSBICHANKE ERTHEME LY, FHIC Hancock 513 18 EBT ¥ 5
SI—TI 38 DERRTRLEZEET S L, IBERTI DV EHFNICEALT 39
DN Pb™ DAHEBINENCEET S EH|E L TV B (figure 2.4)

T TEEZFIIELXBAL & U T cis-2,5-diphenylpiperazine 21) Z 2 DAAALLE NU T2
OO I8 BRY YV I T—F)VERS L= (figure 2.5)

Figure 2.5

/spacer\
Ph, N_.Ph N_.Ph -
/N
HN  NH [ j [ j —> E
— Ph" "N Ph™ N

:j‘ "

/ ‘Ph

21 Ph K J
spacer

N
k spacerJ

BB, ERSDVREBATS I ETcavity DA T3 XA— 3 VICHEBINNNS Z
EMEZENBETTREL, ERIVVBIIERL TSR 4 D07 22V LD
cavity B DZER D /2 2 N5 Z &I1272 0 cavity I D rigidity NI S TE S, L
MUBRS, RERTHHIERSVVRICEHTEE, B 1HTEREZLIBABED
fluttering 2R O inversion IZ &L HHEELEAL (scheme 2.1) NE X 5N, HHWITH 58



FED flexibility 2’5 EFPEHTES, DX, REILAETH I 5T 2T —FIVIEEEH
WCRABEAS T A= a 2 rigid/ia 72 cavity D RZZIVEE I N TVRBIZHNDND
57, BBOMICRES EERT D VRO BEEND flexible TH DM OHRMMEL LTR HREE
EOMUNE BN D DEEL(CTELIHENIC Ty P—REANERDZIBEAS EEZ
7zo

i, ERGDUEBRIAR—Y - EELI®DIECED, RANOMKET
KBS E 2B &N TES, 2052 ENS. 21 ZRBRBEAMEL
7YY 50T EEKRL. FOBEEBEICDODWTIHRZITo /2, FRIZ, B
RRUZIR?BRA N FELTORAM/FTESZ EEZ 5N, £N5IIDOVWTH
ERERS 2 Lz, RETLERANIFINERS D VEZIZY FETHDT, FI)
T ORZULAF O BRETKH UTATRBREEZ RTAEEDH D, Cram SITEERE
ZEDOEF T IVEI T I—-FIIEHEGDERZ $,94013 70U
phenethylamine (41) DARE 2B L. RIKERERBEERR TS EHMELTNBY, &
DE I BAERHBAEZRTHEA MEEMIREETTE<HBEINTNSY,

NH3
'PFG' : 'PFB'
A Me” Ph

(R-41HPFs  (S)-41+HPFg

BENZOMEZBABTAETIIFERS D VT 57 T —F)L0 28 13n
OMEIN TNV (chart2.3)

Chart 2.3 Some azamaclocycles containing piperazine ring éNR\‘

Oiﬁﬁ:)”fp {jﬂCﬁk} \gfﬂﬁm 1 Etz
[Nj [N] HN NH/l\_):N] H [N]/\f 7
oA NN Q@qp A @ Q

N
42 43 44 N\//\ 45
LU, 37,39 DK DT T Y 57> T —F)VIT ethylenebromide 2 K JH X85 Z & T
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EELTERI D VBICEETLHECY D, 4244 DEDITERT DU EAR—Y—
AR T DT IVFININT A REBFRTT2: 2 THET R L8550
DHETEREINTWVS, INSDHETIE. AR —EHNEMEH L 0NE R
TERWVD, FHUTKH U stepwise IZAR—Y—FAr &S U RBRICRILIE 2 HEEH
Wb E2:1:1 THERERINEZRIEEMAGESNS (scheme 2.5) . EFIX I DAHERIC
BV, BBIDERA MEAHDOERERS L7z, 1994 45 Huuskonen 5 IE[FIBR/ZHIET 45
DERERELTNBY,

Scheme 2.5 X
Ph Ph Ph,
}—-\ my }_\ ;_—\ “y*" N “\Ph N \‘\Ph
HN NH =——— HN N—X-—N NH =—— [ j [ j
(4 ! — PR N Ph N
21 Ph Ph Ph
Y

B L RBERICE W OREIC DN T X SRR & MMAEER W TEREMA
7. TNEOEMEEA A L ITHT SRR 0 ORIV LB OBEERMLIER 725
TNT NMR JEIE 2V TRE LT, B k=52 MEAEOREEICD VT X AT & -

TEELT,
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% 3 cis-2,5-Diphenylpiperazine iFEKD I > T F A— 39 >
¥ 181 cis-2,5-Diphenylpiperazine 7% Z8K D& Ak

FEBOBERER LIS C, MR IRAZEIEME cis-2,5-diphenylpiperazine (21) &% D&
KRIBREDERE T-> THEKRLEZ. AFES R (D)phenylglycine (46) % F i
diketopiperazine 47 Z &R L. TNZE VPRI 2 TREILT S LIZL D BBID (2R, 5R)-2,5-
diphenylpiperazine (21) 2457z, (HHFEFEEI 46 &0 5178 T 74% N3, scheme 3.1)

Scheme 3.1
Phh, O Ph,

Bn X BHe
A —=, HN NH — HN NH
HoN""~COOH — \/

(D)-phenylglycine o Ph Ph
(46) 47 21 (74% from 46)

B AFIARA81E, 21D/ H DT ) E% Boc B L THES 1 49 (84% INH) %,
FIVLT I REOBTHT IV FIAL, TFAIC K DHREEGEITTITS 2EIE D 77%
DODNBTEMUT, (scheme3.2) PAFIUES0IE,. FIVLT I REDBITHTIVFIL
bk 83% DB TERK L=, (scheme 3.3)

Scheme 3.2
Ph i) HCHO, AcOH,  Ph,
(tBuOCO)go 7\ NaBH3CN 7\
HN NBoc - MeN NH
/ if) CF3COOH _/
Ph Ph
49 84% 48 77%
Scheme 3.3
Phc
HCHO, AcOH, 7\
MeN NMe
NaBHsCN __/
Ph
50 88%

Di-neo-pentyl & 51 & TN di-neo-hexyl f& 52 I pivaloyl chloride & % V213 terr-butylacetyl
chloride ED7 VIMETYT I R 53,54 280K L . TNHZ2TVRIT VBRLTHI LK
D#HEFE L=, (scheme3.4)

-12-



Scheme 3.4
Ph, Ph

RCOCLNEt; Q. ,—\ R BFgEL0 7/ R
— >—N N—< /—N N—/
K “—/ % NaBH, R
Ph Ph
R = C(CHa)s 53 86% 51 99%
R = CH,C(CHa)s 54 75% 52 96%

212HCI B EADHE [TV 21 CBFHBOBEREZ2RIGLBHERET 2L TE
7. 21eHC11Z 21 £ 212HCI D 1 : 1 DR BFHERZHRABL . BHRTLHZ LIk DEE,
FIREDHET 48 RTUN50~52 O—HEEE & BB AL /-,

E2H BEMRRBOOIZTF A3

EtOH, H,0 DIE& BN 5 /5 N7z 21°HCL 21:2HCL, 48°HCI K TN 482HCl D&/
U ALEBIZDWTENEN X BEN ZiTo /2 (figure 3.1) &

Figure3.1 Crystal structures of 21°HCI, 21+2HC], 48-HCl and 48-2HCI

21+2HCI 48°2HCl

- 13-



BBKYE T L 10— & B TIIA BROIS 74 A= a Uk E < BE 5
Tz, —HEEEE O 21-HCl & 48HCI Tl chair BIEETH o 72, HEHKOTO >
12CQ)7F Y I DT x Z)VED anti-periplanar E72 B BITMIIL 72EE &> T
Wi, —F., ZHEEE D 212HCL, 482HC1 TIZASBRIZCQ), CO) 27 5 v FR—) &
L7 boat IDELETH o 1= 128, 21HCLIZ VD EDDFEEEFHRIC HF0—EEEHE
PN TEENZBRTH o2, 206 OOFIRFEFICTEMLUE#EBEE Do Tz,
Figure 3.1 IZI3Z D5 b D—FDO#EEZEZRL TN,

Ei, JU—k, —HEBE, CHBEOITNTHNER TEHETH 5 52, 52.HC,
522HCLIZDWT, EEREIZHBIT S "N-NMR % CPMAS &> THIE L=, ZDZXRY
NV % figure 3.2 IZRT |

Figure 3.2 'N-NMR spectra of 52, 52¢HCI and 52¢2HCI

5 52¢HCI /-» 522HCI f‘»
23.9 ppm
Q 4 ppm 37.8 ppm PP ' 36.7 ppm
289ppm | “TPP
B R 20 1 o

TJU—D52TIiE244 KU 289 ppm IZ 2 BDE— IV RRE I Nz, 1L E4D2D
DEFRMNFEFMICAHSND Z ENSEBRIRET char IS 2L > T0WHEEZHNS,
HL. boat IR SIX2 DOBRIIMEWICEMTHD., 10— ULhMrEHIZNZN
139 THD, 52HCI T1d23.9 RN 378ppm IC 2 KD E— I WEB I NS, DED 2D
DOBEFRIIFEFMRREICH D, LML, 7O AMINEZEREINTORNVERIZIZ
CoHONGIHEEMTH DD T, SNEREGEICETAHBITA N>, THITHLT
52:2HCI Tl 36.7 ppm ICHE—D E— I BRI BT TH Y. 1A & 4D EBHEIHS,
BN EMRRRICHD &0 5. HIL, boat D NEREEZ L TS Z &b -
7zo ZHUIERD X RIERBITORREFET 5,

-14 -



H3HT NMRBHTICEDBEEFPDOI T A—ar

cis-2,5-Diphenylpiperazine FEEDERIREBD I > T A A—2 a3 X EZRET 57201
'H-NMR. 'C-NMR. COSY. NOE. VT-NMR % HWTHH 217> /=, KER TIIHED
fREEEE N B Z D2 L BB TONMR DEIETERNWEWVD 2 DOEBENL#E
Wi Ao 7z, £ TET O b WAL TEEBRIE D’ S CDCL & 5 Wik
CD,CL ZRBICHW TR Ui, E—HBERVOHEREOREZH L T, CDC,,
CD,CL, IZAIVATR 51 D ZEH W,

B1H JU—@EKOa TFxA—Tar

9. FJAFIEASIT DV TREET o7, CDCL, #, FRICBITS 'H-NMR &
{XNOE OFEEREMN S 481 figure 3.3 ICRT XD RIAV T A—a Lo Twa EH#
ETE,

Figure 3.3 Conformation of 48 (major conformer; A) in CDCl3 at rt.
(a) chemical shifts (b) NOE

3.19
Hf_fs 2.82 (b)
Ph% H 22 Ph NH
2,09 Me\N 4 ) e\NH :)
1

327 292 b

48 I N-Me IZBHELE CQ IKBHBLZ 7 ZNVENI Y 7y MU TV &R DO
TFA—a vEESTWS, 48 DENBEEL EZFRS=0. CD,CL HR DI E R
75 '"H-NMR ##R&t L7 (figure 3.4) o ERIRBRBIEVNE—VZ 70— RIZ/RD -74°C
Ta7lL vt ZAEEERL, 90°C T2REEDOE—2 (88:12) [T/ EEL /. NOEIZ
FOATry—DHDIT A DEEBICHLUL, X1 T—DHDIIB DBBEII—HTHI L
NHEEALT-, HIB., RETIZAEB OIS 73X —HOFEENEEICESEI TS
D, BAFLEDADIASTHA—2a Bl TNBEDIITEREINTEDITITH S,
B DN DAFINEECQ) TFIv DT Z)VFEE CE) TFI v ILKED I DD
F () & NEKEN. AD NI OKEBELN CQ) 7FIy VD7)V EE
C6) 7F T v IVKBIZEBNERBIZHENTRENS, ABRKVEE EEEZISNS,
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a7 Lyt ABRE (-74C) TORBROD fluttering DIEHEALBEH I RILF— (AG,40,)
i 10.0 keal/mol TH V. -90°C TD A, B HOEMEH HI R I F—2% (AG ) 1308
kcal/mol TH o 7z,

Figure 3.4 IH-NMR spectra of 48 in CD,Cl, (a) at -90 °C (b) -74 °C (c) at rt.

A
(@) A
A A A B
B B JV\\B B B
2 A
(b)
A~ N\
©
I I ] 1 ]
4 3.5 3 2.5 2 ppm
2 3 : )
MEEN7\I/’:‘H L Me/N\‘/\N-H
1 th 6H [|3h Ph
H H H H
Me H H v
<P, H
1 1 "
PR 1) N MePh
het / pn H
N
A B

KIZZAFIVE 50 D CD,CL FTOREFZE 'HNMR IZDOWTHRH Lz, BBTIE
C, RFFIRALBDKBNER THM IR S N, KBIZRZIENWSTF VR TO—R
L2 -70°CTAT7 Ly ABREERLZ, 90°CTEHZELIC2EEOE— VI8
U, AERICER L 22T 70 b UPEEMICBRIENEZ. ZOZENSERTT Y
BldcharB O 73 A—alieoTBD, ZRTIIEEITESASEROD fluttering
MBI o> TWAHI EMbh-o7z (figure3.5) . A7 Lyl ARE ((70C) TONRE
RO fluttering DIEMALEHBH TRV F— (AG",,,) 1d10.3 keal/mol TH 7z,

[k DI di-neo-pentyl /551 @ 'H-NMR 5 BRI N/~ (Figure3.6) . 27 L
T AEE (-62C) TOABROD fluttering DIEHALEBHI RV F— (AG,,) 1Z10.1
kcal/mol TH o 7z,
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Figure 3.5 IH.NMR spectra of 50 in CD,Cl, (a) at -90 °C (b) at -70 °C (c) at t.

(@)
N__ M S AAM M
(b)
©
M M A I
I 1 T T T
3.5 3 2.5 2  ppm
Ph7\/N~Me .N
Me~N Me |\\}/\VN—MG
Ph Ph Ph
Figure 3.6 IH.NMR spectra of 51 in CD,Cl, (a) at -90 °C (b) -62 °C (c) at rt.
(a)
A J(\J\\
(b)
D,
()
Al I JL M
I T 1 1 l T L] T L] I 1] L ] 1 I ¥ ) T T I 1 1 T ¥ l L T T T ' 1 1 T ) ' 1
3.5 3 2.5 2 1.5 1 0.5ppm
Ph—~_-N——Bu Bu—__N
Bu—N |\r\VNABu
Ph Ph Ph
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WOl —HEREOaL T A—I g

51+HCl ZZ=IR T CDCL #, 'H-NMR KU C-NMR Z2HIEL7ZE T3, R TO—R
AR MVERLUZ, DEVDERTIIBASHOBEL(LDEHIZH L EEZ SN S,
'H-NMR O > 7 F)IET7 U — D 51ICHREEICERES 7 L TW5S, BERZE
'H-NMR 2R& L7z &2 A, EBIZARB WS VT o—RiZkd 30cTtay
Lyt ABEZRLUEZ. EHITERIBRICRLEE-VOHBENEZDIICD, -90°CT
SR 2EEOI T G T7FIh11: D) iZhhiniz (figure3.7) . 41T 10 ppm &
DIEMBEBICENS Y D EZUL 7O OV ICEERDEENE SN TS,

Figure 3.7 "H-NMR spectra of 51sHCl in CD,Cl, (a) at 27 °C (b) at -90 °C.

(@

PPM{ T T
r_rlllllIIIil"" 11|||Tl1ljﬁ11!7— rTrrrrrrrrit 2 S S B B |
12 1;% 4 3 2
C
(b)
C v
D
_-/L e’ N
rry e reT Tt T Frrrrr@ror Ty T T T T e LI B TN M S B |
11 5 4 3 2
H
+h|l g 2 N g
pM\/\/U — Prﬂ\/vu
o N | —= s
Ph H X pn
C D

APY—A2TFHX—=DAL T A—3 VIZDWT -60°C T NOE ZHIET 5 &
Tfigure3.8 D C DLDITHREL . (HFDOTIANTTRE-60CBITEHDTH
%, ) NEIRIX chair MEIEZ S > THD, BEHKO IO R NICQ) 7 F v VLD
7 . Z)VED anti-periplanar K72 MBI ZHEE &> TWe, ZOEEIIE 26
T R7z 21HCl XWX 482HCI DB E L NW—FERLTWS, b5 —FHDEHRICT O
RAELIZA2 T =D TENDAMDOT BT ALTO R ECO) MICBHR LT =
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TI)VE & T 1,3-diaxial KW ZH-HTRINF—IICKDARFEEEZ 5NS (figure
3.7)

Figure 3.8 Conformation of S1¢°HCI (major conformer; C) in CDCl; at - 60 °C.
(a) chemical shifts (b) NOE

447 11.34
() 340 H 118 (\ p H

2.32 H
H '3_|40H|+'BUH H HoHI, Bu,
X N ( x N
1.96 \l\\‘. N H \I\\ N H
Hd ~ 4T 4R He
tBu\/ AN 5 ’Bu T A

E3E _HEBEOIC T A—T3r

51-2HCI ZZiR T CDCL, . 'H-NMR ZJE L7z & 25, 2REDI 2 T4 Y —HK
(A7 4+<—Hid62:38) DT FIVBERINE (figure 3.9 (b)) s 'H-NMR D
FFIIE S HCLIC AR E SIERB L 7 L TW5, |

Figure 3.9 'H-NMR spectra of 51¢2HCI (a) in CDBr; at 150 °C (b) in CDCl; at 27 °C.
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BENMR OEIBICEDFNFNDIAL T I —DIAUKEEZ figure 3.10 DX DT
Dz APy —a27 %< —(E) idboat IO SEREEE &> THY, XA —a>2 7%
< — (F) 1d chair MOEEE L T 5,

Figure 3.10 Each Conformation of 51+2HCI (E and F) in CDCl; at 27 °C.
(a) chemical shifts (b) NOE

6.95
(a) 11.11

3.82 H 4.85 382 H ?’90
6.64 6.64 H H H | Bu
H H N + s H
3.06 l/ N >
Bu-7 288 Ml + H | 3
\ =N H HY \/ N bl o H
Ny H '‘Bu | v 5.6
3.65 H N i 4.28 H 457 3.16
Bu / 100 3084

097 H-w 4 H 498

ZD5H EDBEILE 2 HiTRREZZHBEOANBRBGEIC—KT %, ELFRIE
RETOHLAFRIEDLS DT ATV A REAKOBERICH S, NOE DREIEHERICLD
EL AT —aA T3 R—ERA T AT FR—DOF7 EZTLTO N OBIZAD
NOE WEEa /-, it MEfE’] LW BKTHD, 280> 74— D/~
WWEEND D Z &% RT, BB, NSHESWTNSZ EIZEK>TE & F O TEEN
o TWD, TTRONMOE RN S 512HCI OMKERFITIT 20T O HOBNEEN
TWBZENbM o7z, OO N-H SO HLOMNEE S L TFa koo
FIERZFICEE L TWBH EEZLNS,

BERZE 'H-NMR 2R L7ZE A, 60 CICBVWTHEEITDBEWLHTEIDI /S
WISHBE LU TE . ZHESIHCL DY T FHIVER—THo7me ZOIEMNSEEFD
#1T figure 3.11 DL DIZS51HCI (C, D) ZNEL THBI-oTWB I ERHBH L=, K
YA % CDCL, 705 CDBr, ICE A THRIRER TORERZ 'HNMR 2Rt L& 25,
BIRICIR DTN T FIVIZE, F HED 7 F)Vid 7 a— R &7 90°C TRA L7
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(A7 vt ARE) . 150°C TIRERITEELES N2 -7 N8B XN/ (figure
39(@) . 15, EFRMTHEVWEENE > TWS, ZNZ2AHILERTHENMR %
BIELEN, FRAMERUARY MRELNE, DFEDRBRICKBLEYDILENE
LRI 5 TWRW I EREMD NIz,

Figure 3.11 Proposal conformational equilibrium between E and F
Bu

+ t
H Ph
"
Ph7\/N\/’Bu Ph7\/N+\/’Bu
‘Bu/\+f;l = By N
H D Ph C Ph

A HEEENIS T3 A—-alitE5E25%E

A F HEEHITBNT, RBEREEEI D ERXDDFOAS T A= a i
KRESEMRTHHRARILUEUIEZAS NS, # 21 Nolte 513 55 DERSEEITBNT, 3
BEENREZEGC EHDIAL T4 —WUNAKELEDLBZEEREL TNB
(figure 3.12) &

Figure 3.12 Conformational difference of 55 depended on silver's counter anion.

55 H
AgClO, 28:1
AgBF, 24:1
AgOMs 20:1
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4521351 & 2% B0 Bronsted BN 5 TEBDTY DEZTULICDWT, HBEEDE
WY TFA—Ta Y ikEZ 5% % 'HNMR Z2H0W TR L 72, € ORRZ table
3.1 1T,

Table 3.1 Observed change in distribution of conformation of diammonium salts
derived from 51 depending uponcounter anion

Counter Anion Physical Form E:F9 AG?® (kJ/mol)
F white powder ~100 0 > 10
Cr white powder 62 38 1.1+0.1
Br white powder 66 34 1.5+0.1
I white powder 79 21 3003
CF;COO colorless prisms ? ~100  ~0 > 10
MsO" not isolated ~100 ~0 > 10
TsO" not isolated ~100 ~0 > 10
"O0C(CF;);CO0O° white powder 36 64 © -1.0+£0.1
AcO - - --- -
PicO --- (yellow powder) © - --- -

a) Additional 2 molecules of TFA were included in crystals. b) Diammonium ion had not been
formed. ¢) Diammonium ion had not been formed but monoammonium ion formed (chair form).
d) Ratio was determined by 'H-NMR at 20°C. e) Ratio was determined by IH-NMR at -60°C.

Bu H
Ph -Ph +]
/N +1 fBu/?_N/\(
Bu / + H |
H Ph
E (boat form) F (chair form)

FNENDOA LT 47— D HiEIE NOE 2 AW THERL .. EMELIT 'H-NMR OE5
BN SRDE, BERENT SICHBEEEII I 73— HICKERZEEZEZ5I LN
bho Tz, EIHTARRZEIDICHBEEEN CL OFE T boat I T4 ¥— (E) &
chair {1 74— (F) DEIEI1E 62:38 TH D, £EBr T OLIRNTOT A1
A2 TH 2D 74X —E FOREAYTHo . REGKLBERTFTHRIEE
boat Bl 7 4+ —DEEGNE B>z, LHL., HBEENF OFBFTEEDI >
TAA—2aObO UM EHEINEMo/, £/, CFCO0 ® TsO. MsO DX 57
AHREHEOHRGEEDESD, boat IO T4 A—a > (E)DHD UMEEIEN
1o 2, Figure 3.13 1251 D= b YU 7)1 OEEEEE D 'H-NMR & NOE DFRERT,
“ MY 7 AOEREOEETICIZE S ZAFO M) ZIVA OB RBREEL T
BALTWE,
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Figure 3.13 "H-NMR spectra of 51°4TFA in CDCl; at 0 °C.

N N fL

ijli]||l|llllllllllllll([l II1lIIl]l,Tl'l‘rl]Tl’“]TTlIllll’ll

12 1 10 3
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W4 Pz 5 )L DABCO DB

1 Eﬁ F2EIE M 2,5-diphenyl-DABCO D& %,

(2R, 5R)-2,5-diphenylpiperazine (21) ZFEHZ, 2 DDERFEFZ2ITFL > TEEL-H
Z£¥E V77 2,5-diphenyl DABCO (35) D SRR AR L7z, S#L 49 Z#E T Soai 5 DHEE®
(scheme 4.1) IZHEWHATFHNIRILKIGEFWT stepwise ICART 2T EZ 7208, 49 &
1,2-dibromoethane ZBHFH TRIGSE D EDFHBRIERBNB I 0, —ERETE# 35
& 5472 (scheme4.2) . ZOBE. 2FEED £ 35a, 35b H132% & 12% DINRT
(=S alialt

Scheme 4.1 Soai's method to synthesize chiral DABCO

P Ph
W\ 4 steps —3—\ NEt; ﬂ\]
HN NBoc ——= , N NH ——m—
\—(‘ a— \—(- A Ph/\lNJ/\ Ph
Ph

Ph

Scheme 4.2 Preparation of 2,5-diphenyl-DABCOs (35a and 35b)

Ph (]
- N
/ \ BFCHQCHZBF, K2C03
NBoc

HN N\7\ + Pn @Z
reflux. 8h Ph N Z-Ph

49 Ph Ph 354 329 35b 12%
1R.2R,4R,5R 1S.2R,4S,5R

NN DABCO *° Troger's base’> (56) D& S IT rigid 224 THEITN 72
@«\/—Q W OB ETIREEBAHZ 5N, 2% L1 iR
EENTD, EBE. NMRAREDT—INSE INSIIEEMN LS
BRONEDRHERDDT AT VAT AIR—TH DT & DR
SNz, X RiERBIT DS 35a & 35b OMNECE I IR, 2R, 4R, 5R JL TN, IS, 2R, 48,
SRTHBHERETE,

Tréger's base (56)

3281 NEAIEME 2,5-diphenyl-DABCO D 5uEs

HFIENETS 352, 35b 13 CH,CL,, AcOEt DIEBEIEN S EREETE, Th 2 NEARK
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i | T X LRERD Tz, X BREEEITICE S 35a, 35b O % figure 4.1 125RT,
DABCO BE/RD X MBI I NETHNRL . NSO TOREBETH D, N
FIZBWT diazabicylo[2.2.2]octane BRI TV U 72 (D) Tid/n<. R Ui
(D,) Z& > TWwhk, I3 bicyclo[2.2.2]octane H & D DEEFHFE R UNERIER
TEH—HL TS, LAY E D N(1)-N@) D8z H.0 12 LT anticlockwise D 5 ¥ A
£ (A-helicity) Z®H > TW/z (figure4.2) . 35a DRUNAIL IS ITHRTKEN, &
NF2DOLY ROT NV EICLBICEDbDEEEZ NS,

Figure 4.1 Crystal structures of 35a and 35b

Figure 4.2 The views of crystal structures of 353
and 35b across the N(1)-N(4) axis

-12.79° 5\ -11.78° i 7\ -6.60°

HEETEE 72 35a, 35b A Al & L 7= <7 Baylis-Hillman X & (scheme 4.3) ~ODJ& %
BitL7z. L L. BEBNSEET TRREPET LN/, TOHEHELT, K
IETHIERETOREENERENWT 22 VREIZL > TEKREINTVB DI, KD
A= T—3 3 TH5 methyl acrylate NDRERBNH TSN TS EEbN S, #
BOUEDDAEEMEIC Hirama 5 O|E DL S BREEFHENEZ 5N 5,

Scheme 4.3 Baylis-Hillman reaction

o) o OH
N H DABCO (15 mol%) 7 COOMe
| + OMe |
N/ | r, no solvent \N‘
77%
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285 5% cis-2,5-Diphenylpiperazine & HRLHLAL & 35 KRBRIMEEYH DB EMEE
E1EH RKBRRRUVTYIRROTFYTr ST T—FIDOERKR

FIINERT D21 ZHABEICODONEREE T SO > —7)VE LT 18 BB
D57~61 ZRFH LIz, AR—Y—E LT xAFE, T—7I)ViH, FERZEATS
ZEIZED, BEOHEORBEEMZELE, FERE2WNAZ L&D yaT 7 LY
ELUTOMEEDHIFTES, £ 61 FERBZAR—Y— T, XDHHERIND
BRNVEA NEER LU, YHI ST I—FIV 5761 13 TAHTI REETLTBZ

TRONDEEZ, FTREBRRYTIR6266 /R T A LI, £/2. &
D cavity DRKZ7227 BRI 36 BIRAU T IR 67, 68 DERDBRITL 7=,

xx
oy LG J @ ¢
J

Ph

K/\)
=z
OYQYO N ° Y(j\(
h _N_.Ph
N.__.Ph [ ]
y[] e "N

o) ‘ 0]
™ 62 X=N 64 X=CH, : O
63 X=CH 65 X=0 66

)] o
o) o)
N7 Ph
N N—
Ph _3

Ph.... —)ml N Ph
O N —N_o [j

= N N Z |
O -~ 0

- 26 -



BIE RERRUT I ROEHK

(2R, 5R)-1-Boc-2,5-diphenylpiperazine (49) & AR —H —EAIC IR T DB 7 T 514 R
69 7 2: 1 THEAELEZHE, BEWVTHY 7))Lt OFFBIIEIC & DB Boc (BTN EZER
SUVIZEER L, TNEEERBRFT6I & 1:1 THFHEMRIES Z &Itk
DHFEER BBERRUT7IR62%2B. FMBRODAETE E 7376 NS HEBIDRY
73X R63~66 ZFNFNEMR LI~ (scheme5.1) . ZHHD 49 )5 DEINEIL 30~60%
EHFNBRTH oz, 62ZEKT DR, EF21L£69%22:2 TRILESZI® L2 Z LK
AEDNRITDTN 6% THD ., EFARICHELERUI—RNEERY & L THS N,

Scheme 5.1 Preparation of 18-membered macrocycles

Ph Ph, Q
BocN NH ) 69-72, NEtS N Wﬁ 18 membg—zred .

/i) TFA X\n’ \_/  highdilution  mMacrocyclic polyamides

% : 62 52%

69 dipicolinyl chloride 73 X =2,6-pyridyl 84% 63 54%

70 isophthaloyl chloride 74 X =1,5-phenyl 80% 64 41%

71 glutarylchloride 75 X =(CHb)s 2% 65 35%

72 diglycolyt chloride 76 X =CH>OCH, 78% 66 95%

RYUT72IR67, 681 scheme 52 IZE> TEKRLZ. EAXERSZT3ID—FDT I
CE BocfREL-T77E49, 69 ERIGIELEEBOHAETHOETHEES L= 78-800
Bohs,

Scheme 5.2 Preparation of 27- and 36-membered macrocyclic polyamides

Ph, 0 oPh
Boc,O ™\ N 7\
73 ———» BocN N Y N
_/ I _/
. /
Ph
Ph

69, CSQCO3 67 35%
—_— -

high dilution 68 27%

TFA

81 n=2 42 % (based on 49)
82 n=3 32 % (based on 49)
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FNSEIOATNT T T 4 THEEL . TN T Boc{bT25Z LITKDEXENR
53273, NUAERSTL 81, FhIFAERT V82K, 18BRARY T I
ROEHKR EFEEIC 69 & DAOFRIHBEZTVWE2 N5 35% ONET27 ARFRY 7IR
67 %. 8315 21% DNERT 36 BERARNUTIF68Z5H L= (scheme5.2) .

W2 THIIU I —TIANDET

ISEBERUTIR62-66ICDVWT, 72 NMEFOBTICEB T Y I SU > T—F)
~N5T7~61 DEWERI L=, 64,65 ICEL TiL. PRI VEILTENEN 65%, 98%
DENBTHIRT 559, 60 G5 N=Z, LrL, EUDPVEAR—Y—HIZEL 62T
BEMD 57132 /HLNT. BRERZBETEOERT T 2210/ 6NZ, 63DTRT
BT 16% EWHRINET S8 0ELN. BIERMEL T 21 NEREINZ, €2
T, BIC 62 DETICDOVTEE ORI &2fTo 2 (table5.1) » ERDEBDIRT &
TTTIENORERIE 57T 2E 50 o0 (entry 1) « UFTALATIVIZTLNA R
AR (LAH) D& TIVIZILABRHLESEOETHE ANnD & 57 b hian
5ESNE (entry 2~6) « RERMEMAGERE, 75> (AH,) 2HVBZEIED
63% £ TINEMNME LU (entry8) . FRRICTY T 10&5 63,66 DEITLTIE. THE
1 88%, 54% D BIF/IZINERT 58,61 25 %7z,

Table 5.1 Reduction of 62t0 57

entry reducing agent’ additive’ solvent  temperature  yield®
1 B,H, (4) none THF reflux 0
2 Red-Al (15) none toluene 80 C 10
3 LiAlH, (22) none THF It 2 (10)
4 LiAIH, (20) none 1,4-dioxane reflux 17
5 LiAIH, (15) AICl, (20) 1,4-dioxane 1t 12
6 LiAlH, (9) AlCL, (12) THF reflux 10
7 LiAIH, (12) AICL, (16), ‘Pr,NH (12) THF reflux 47
8 AlH, (15) none THF reflux 63

a) Numbers in parentheses indicate the molar ratio against 6 2.

b) Numbers in parentheses indicate the recovery of 6 2.
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BoH KRBREUTIREROTHISY L T—FIOaY T4 A—ia >

EBIHTESNEZRBRIEEHOIA T 4 A= a IO WT X BEESER & MM
HEICKDERL T,

ISEBERRUTYIR62IZEOHNSEBETY XLRENESNT. TO X BENTOHER
% figure 5.1 IZ7RT . ZODFIIBEBEFHIC1IHFOEBOH Z2E#EL TWi, 238,
HOKERTFIIRCTTH-DICAKL Th 5. 621 3BRIRETC, @iz A L.,
PRI Y VBRI twistboat BLEZE Lo THB D, A TFRBOBOESHMEHHEL TV
7 2 ROBERIETFIEET cavity DIMNICHE < EFZ L TWe, £, A FFD4DD7
ZIIVED S E 2D cavity D L FTDOZERZENT VWD, cavity NIZT A M FZ2ERD
ADDICIIREL BN BEEEZ > TVDE EEZILNS, ZRICRU T IR 62-661C
&1 A i 28R A s Naho T,

Figure 5.1 Crystal structure of macrocyclic polyamide 62.

side view top view

Figure 5.2 Crystal structure of 27-membered macrocyclic polyamide 6 7.
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27TBERARNUT IR 6714 AcCOEt NS T LLEBESN, TD X BT ORER
% figure 5.2 IC7RTS . 67 ISR TC, Bl E C, FlE#MZ2A T2 D, W Z 6 -
TWb, 62 EFEIU < EXRT Y VIR twistboat BfE%E & > TH D, - FREEAT & 85
LTWET 2 FOBRETFIEET caviy ODANEICM<SESNZ L Tz, &E-1 3 0F
BEDTFIoHT28MET A7)~ 7 LENE<BDASZEFED L1 7aho 7z,
RIZIBBEBETYF Y I I —FTI5TICDWTIAY T4 A= a3 v OERELLD &
Ui=ht, EREOE X BRI ZITARNo7, b ICFHELLBNERICLD BEE
WEOREETo . Stll 512k > THFE X N7z MacroModel™ % FI W THF125HES
EITo 77, BFHENT A—F—id MM2 135 2 W, FIHEC R O 3 45 14 Monte
Catlo 5 ZFIA U7z, 57 OBRLEREZ figure 5.3 ITRT .

Figure 5.3 The most stable conformation of §7 calculated by MacroModel / MM2”

side view top view

573 C, BE#E D> TNSEA, RUT I R62 LRV ERT P VBRI chair Bl
RES>TW, PTRBHMEHBINDERS D VEROO - RTIE. KEOX A
BRI D cavity @ EARANZEIN S TEMLUTHD, HBOIIIMIZRNT W,
¥z, 220U P VROZRITRBO EAFAMICHEE, EY D2 ERII cavity 2 I EED
EIORCEBLTWZ, DFED. ZO/EY Tld cavity D EHFRENIZ 4 DDOEROO— >
R7BEMLUTHYD., BOMNTBUKERE THENTWS, B, 2 FOBRDAAIZIT
DIRVEFFHEREZL TS, FICEEM T OBEHBICEL THhWa EHfTE 2,

59 1% CH,Cl, & EtOH DR ETALEN SHEENE SN0 T X BENIC K > TGz ik
LTz (figure542) . IHIT, 57T DFHEBROZLEHEZERTS720, DR &
FUE&HTMMERIC X ZEBERE(LEZIT oz (figure54b) . TNSEHETS &,
RHEICES BEEHEEHERBEIBD TES L, ERDO57TOa> T3 A= 3
SENIINRETHEEEZOND, 59 OBEIIERTI D UHACELTS57 SIFERT
A2 TFA—2azloTHD, cavity RIZHMN > T2 DDERDOT— 2 RY DEMA]
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LTWiz,

Figure 5.4 (a) Crystal structure of §9. (b) The most stable conformation of 59 calculated by
MacroModel (MM2"). Hydrogen atoms have been omitted for clarity.

(@)

® sa

top view

side view

H3 THY T T )L DR

B1E SBAFAVICHT 28NN

FHI S5 T—7) 57,59, 60ICDNTELEA F 2 OEREANOBEMHER” %
75z &Itk enEho@ftzHz,. 6, KA MO CHCLBERETS AL (&
J& D 2,6-dinitrophenol #) DKFEZ _BRTRASER LK. FHEOERA (A=265
nm) ZEADHEICIVHEE LU, FERBICHEEINZ€BAT A ONA 4D
2,6-dinitrophenolate IR D 2@ ZHARNZ 2 L TEBHHOFEZHRA Lz, £/ &7
OFHr S5 T—FIVICEL T, 'H-NMR 2HWTEREBT 4> E0FEMEEHANR,
BREICIE, KA D CDCL IR A (&BEOBEFRE) 2mMa. "X DT TF
VWO EBET HZ ETEEMBOFELZHELZ. TS OR%Z table 5.2 1TRT
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Table 5.2 Affinity of azacrownethers 57~6 1 to metal cations.

++ + -
Li+, Na+, K+, Ba2+, A13+, CI'3+, Mn3+,
57 Ag' Hg', TI Fe’*, Fe**, Co™, Ni**, Pd™, Cu™*, Au’,
Au3+, Zn2+, Cd2+, Pb2+, NH4+
2+ + +
58 — — Cu™, Ag', NH,
Li+, Na+, K+, B3.2+, A13+, CI‘3+, MIl3+, F62+,
59 E— —_— Fe’*, Co™, Ni**, Pd**, Cu®, Ag", Au",
Av’', Zn™, Cd*, Hg', TI', Pb**, NH,"
Li+, Na+, K+, Ba2+, A13+, CI'3+, Mn3+,
60 . Ag+, Hg+ Fez+, Fe3+, C02+, Ni2+, P d2+, Cu2+,
Au', Av™, Zn™, Cd*, TI, Pb™, NH,"
61 Ag' - Cu®, NH,*

ZR—P— B ICAT O ETFESE 57, 60, 6113 Ag' 2BINMICRE L=, 57 134
I2® T, He' ICEAt 2 R LD, HEOERENSRKIC A 2RBHELTVDZ &N
RBEINE, Z0—F., AR—Y—HIIANTOREFESER NS, 5IETELBE T AT
SRPMEERIRN SR, DED, @B A A OBBITIAR—Y—BAOAT O H
Fiz L DB BHIERNBLETH S,

¥ 2T NMREICEDSEEEDa 73 A—a

THT 5T T ERA D DEEROET % 'H-NMR THE L 7=, Figure5.5
T 5T RONSTICBEREEE 1 SEMNX 2O CDCL #TO 'H-NMR A7 )L %R
T, A ORI E > TIRTOTO DT 2 IV 7 MIERGRICBEIL Th5,
TNT Ag" EFR LTV S EZRT I EIIMR SRV, BEEDART MLTIE
7.19 ppm & 7.59 ppm iZ 1 DDOKFBICHY T B MU T Ly MAEEFMICHEHBEI SN =2 &
N5, FBRIZBWTHEAT C, BN W IEEEE E o TWb Z Elbho iz,
/. KA MU TEBRBOBEERBBEMZ N, 1FBMAZREARY MLIZ
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BALDEIN STz DEDKRABNSTIZHRE 1:1 OEEREESTBO, 1:2 R EDLH
EKIFFER LU RN ER¥ho .

Figure 5.5 'H NMR spectra of the & 3 to 5 ppm region in CDCl; at 25 °C.
(a) Free host 57 and (b) the 1: 1 mixture of AgClO, and 57.

(a) 57 only

LA L BL Y BB
5 4 3

(b) 57 : AgCIO, = 1: 1

[57°Ag]**CIO*

60 IO BIERBBERLZICHEMNT 52 £12&D '"HNMRDO ARY MVEL%E figure 5.7
IR, IBIEICIZCD, ZHAVWTWS, 7 X MNEFFEL (figure5.6 2) Tid, EXRS I
DAFTOROTrIHINT T ML 438 ppm (iRIC H B, BERBEEZ 0.5 FEM
Z7-B (figure 5.6 b) . 4.38 ppm & 4.65 ppm IZ 2 EEOE — /AR A, EKERBRRIC H
HE— B AEDAF T ORN S THBEEIALNDS, BERBEL 60 SERETE
B (figure 5.6 ¢) . 4.38 ppm D E—ZIIHE L. SBEEMNFIEHR SN 2 &b h
%, KIZ60 LBHEERBED2: 11IEAYD CDIAEKRD 'H-NMR 2BETHELEZ EZ
2. 350K (77 °C) LA F T% 4.38 ppm & 4.65 ppm O ¥ — 71352 ICBHEI S iz, BB,
350 KLAF TlEdR A b &4 A NOBEEN NMR D F A LA —IVINTIRE Z o Twign
ZEDHERL 7=,

RAME AL EDOELEERIINMR TOREERNSRDDZENTERVIFERE
< (K>10°) JIETE RN -7%k,. EENEZFRI TSRz,
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Figure 5.6 Change in TH-.NMR spectra on complexation of 60 with AgClO, in CgDg at 20 °C

(a) 60 only

N PR N — S = =T
k/o\) 5 4 3 2 ppm
free 60
(c) 60: AgCIO, =1 : 1 ,
rﬁb
N ‘\ 4.65 ppm
@ —""
PN “m
L\./O

[60eAg]*eClO* [T T T T T

W3E X BEBNCEDSEB\EOIL T A—Tar

BEEBBEEITF I I —F) 57D CHCL BEN 5, FA =7 X Mk
[57Ag] ® 7V ZL@WE SN, X BEITICK D, TO#MEORBBEEEZREL /2

(figure 5.7) . /2B, HRAITIT1HT O CHC, BREEIN TV, EXTD VRIA
Tk ERUL char ETH BN, FHOERSPVRAE LD ERREKLT, —
FHDOEY DUBIT cavity D EAFANREL TV, BROO— RV IKEBTS &, B
BRD3DODOEEOT— > RY A cavity HENCEM UBEMHEERL TW5, —7%, JL#
ROBREROOT—RPIIIMIZDL I T H A—arE LTS, HEMEERLT
W37 I 2T cis-2,5-diphenylpiperazine ICEH T 5 &7 F ¥ )N T = ZIVENEHR
LERBICRELEZERTHD, 207 2 Z)VE &R anti-periplanar DBERICH 5, &
NIE=BTERLAEERS D UEBEO I T4 A= a VORRE—KT 2, Xz,
B RROER L OBKEIERIIN 23~25A Thol, O ERT097ATE
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FZDT 7 TFNT—IVAERITIS ATHENS, THE5D3D0O— 2RV D/ —0O
CHICEDHEEHT AL 20 L TWAZ EIIHENTH S, BY D VREEREFN
BTAEIIBLZL 13 ETH o7z, 180 BIIENWIENS YD OMBEHEERADY
NS5 TIRIEREL TN TWS EEZBN5,

Figure 5.7 Crystal structure of the complex [57°Ag]"ClO, *CH,Cl,
Hydrogen atoms have been omitted for clarity.

top view side view

ST 4 L AEETAMBTIS T 4 A= a i Ebo T3, Bb, RAR
(LB cavity 12884+ 2 ETOAD Z &I &0, BBBLES) A —HF 1 E—a>
LTk ELEtL TS, L, ZOBOBEESLIEIAEOERSVSBEYY
CBINES < DHIKELTWAREFT. 7 084 7V EKICAERERENRD S D
TR, BIE, 2RI rgid 720N BT flexibile 7R7=012, REDERBET 4>
T E L WEMBENS 2 5 h-birTh 5%
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BHE  fEmAEN

#2213 cis-2,5-diphenylpiperazine 2 EA B & L& DIEEMOERER L. TN
SNOY T4 A—a MBI OWTEREMA L, £TH 3ETIL cs-2.5-
diphenylpiperazine F5E /& &2 115 O Bronsted B OfE SRR, EONBE®RY DA T+ A—
S g T WVWTHRR, 43 Tl cis-2,5-diphenyl-DABCO D& Bk & FEEIZ DN T
B EF-. BBICE 5 2= T cs-2,5-diphenylpiperazine Z BN & L 2 REEIRILEY)
EERL. TNOOEBA A ITHTAERMEICDONTRE L.

1) cis-2,5-Diphenylpiperazine FFEA DI T 3 A—2ra »

cis-2,5-Diphenylpiperazine Fi#fL 7 1) —k, —HBER CTHERE TIIRRLARR
BEE2E->TVWAIENHB LR, ERERETII 7Y — &, —HEEHE & BIT chair BIED
BEESTHY, B boat MELET H ok, Fiz, CDCL 72 EoETo b B
EmTh T —fk & —HEERE T chair BIEL R & o TWe, “HEMEHE I chair BIEIEE &
boat MELED 2D > 74 Y —DEGYW T H oA boat BOBFMATy—a2 T
I —THolz. ZHBEHONDDIZRLS Bregnsted BZRAWEETIR, AV F—-7=
+ > OFEFEIC LD boat & chair DT> 7+ X —HAE(LTHI EHRNEL T

2) T2+ S)V DABCO DFEFE

cis-2,5-Diphenylpiperazine % 6t & L THT h 2478 T cis-diphenyl-DABCO Z &% L 72,
ZHIZIREREFORLMEAREBICERT S 2BOP T AT VFI YAV —NEEL. T
NENEBEEL-, £/2, XBEREHZTOIETENSDaC T4 A—2a 2 ilHE
I LHRZ/.

3) cis-2,5-Diphenylpiperazine & RN & T 5 KRINLEM DO ERR EHEE

cis-2,5-Diphenylpiperazine ZHREN T HREBRRAVTI RET YIS 2—F)
EIFNRETERL, TNOOBEZFANE, TOIEON DONEEA T 22 EZRR
BNCERER L, 1: 1 $8KZBRT 2 Z LML 2. SREROBROFIE TR b3T0
AT A= g VBN Z o TWBA, cis-2,5-diphenylpiperazine DR /R rigidity
(flexibility) D&, /A A TEIWEMBREEZEZED X, BRBMDEVWEMMEZR
FTIEMTER,

ZDEIXEMETIE, SETHEVHANESNTVARNFERABRRTHLIERT
DDA T F A—a YIZELUT, cis-2,5-diphenylpiperazine ZET ) L&Y &L THE
HSZEWEKDHIERAREEZDIENTER, £, TOBEBENREEZEEX TRE
DEBA A > & BINNCERR T 28 aeE T2 L.
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Bl A I AT BRI THIE LRBIETH 5. 'H-NMR (200 MHz) K X *C-NMR
(50 MHz) V3 Varian Gemini-200 X 1& Varian VXR-200, 'H-NMR (400 MHz) & 7} ’C-NMR
(100 MHz) i JEOL JMN-GX 400 THIE L7z, 'H-NMR O{b%¥3 7 Méld D,0 Bk D 5
1%31&mmwmmmm@mmazmdﬁmnmem\%hﬂﬂfﬁmmmﬂWMm
ZNEREREYE & LT ppm THER L., "C-NMR TIE CDCB DEAFR DY —2 % 77
ppm & U-MEMETHE LU, /2. B N-NMR Tl ammonium chloride %} EREE%E &
L THW=, EXE L Horiba SEPA-200 polarimeter, UV V& Shimadzu UV 2200 THIEL 7=,
IR iZ JASCO IR-810. X 1Z JASCO FT/IR-300 THIE L 7=, MS {3 IMS-DX 300 & X
MStaition JMS-700 TH#ll & L 7z, JoFH 747 1Z YANACO CHN CORDER MT-3 & 5 W id
YANACO CHN CORDER MT-5 T#IE L 7z, 447 A HPLC IZ I& Shimadzu LC-10AS liquid
chromatograph (Shimadzu SPD-10A UV-VIS dector #{#) Z{/H L7z, X ## &M@
RIGAKU RASA-7R THIE L teXsan & F W\ THEW Uz, 72 F 3 EEIL MacroModel ver
4.5 B2 WL ver 6.0 2RV, HTFHE/NTA—F =T MM2" 2o TEHR L=,

HS A7 TOY NI 5T 41213 Wakogel C-200 (100-200 mesh, FEMIEE), 75w al
S50 K275 71213 Silica Gel 60. spherical (150-325 mesh, 77 1), #2EUH TLC I
Kiesel gel 60 F254 (0.5 mm, Merck) Z ZNZNEA Lz, RINICAWZEKTI—FILRE
i, @8> FU T ANSEKEL benzophenone NS ELNBD T FIVT D hINEEREE
U THEBERRLZ, TOMOBHEITERICENEBRBEL TEXKICLTHW .
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WIEE 1 HICETIER

(2R, 5R)-2,5-Diphenylpiperazine dihydrochloride (21-2HCI)

TADFE IR, 21 & EEEED S FEE EOH, H,O D 5 B#EE L7z,  colorless
prisms; mp 256~258 °C (decomp.); [at],” +33.4 (c 0.33, H,0); 'H-NMR (D,0, 200 MHz); &
3.95 (dd, 2H, J = 14.6, 4.1 Hz), 4.17 (dd, 2H, J = 14.6, 7.6 Hz), 5.09 (dd, 2H, J = 7.6, 4.1
Hz), 7.56 (m, 10H); IR (KBr) v 3430, 3080-2450, 1545, 1415, 1060, 760, 700 cm™; Anal.
calcd. for C, H,,N,*2HCI*1/2H,0: C, 60.86; H, 6.54; N, 9.00. found: C, 60.99; H, 6.40; N,
9.22; Crystal data: C,,H,,N,Cl,, FW = 311.12, orthorhombic, space group P2,2,2, with a =
19.681(6) A, b = 11.201(2) A, ¢ =7.2992) A, V = 15832 A, Z = 4, D, = 1.306 gecm”, the
structure was refined to R = 0.038, R = 0.050.

(2R,5R)-2,5-Diphenylpiperazine monohydrochloride (2 1-HCI)

TADOHE IR, KROFETER L. 21(0.24 g, 1.0 mmol) & 21-2HCI (0.31 g,
1.0 mmol) & EtOH (10 mL) IZ MR . BB L ZRIBHET 5, HREIC CHC, 2., #Hi&
T3, BIKZEHL, BEICELOZMABGHKRZILBRSYE, ThZ2ERTS. TH
% EtOH, HLO ) 5 BT 5 Z Lick D, 21-HCI (051 g, 93%) 2457z,  colorless
prisms; mp 171~173 °C (decomp.); [a],” +4.4 (c 0.82, CHCL); 'H-NMR (D,0, 200 MHz); &
3,51 (dd, 2H, J = 13.6, 3.7 Hz), 3.71 (dd, 2H, J = 13.6, 6.7 Hz), 4.56 (brdd, 2H), 7.50-7.54
(m, 10H); IR (KBr) v 3400, 3050-2550, 1595, 1495, 1455, 1130, 700 cm™; Anal. calcd. for
C,H,N,*HCI*H,0: C, 63.01; H, 7.39; N, 9.19. found: C, 63.02; H, 7.22; N, 9.16. Crystal data
: C,,H, N,CL0, [as 2(C,H,;N,),*2HCI*2H,0], FW = 585.62, orthorhombic, space group C222,
with @ = 10.07(1) A, b = 23.02(3) A, c=28.73(1) A, V=6658 A’, Z = 16, D, = 1.168 gecm”,
the structure was refined to R = 0.116, R, = 0.164.

(2R,5R)-1-tert-Butoxycarbonyl-2,5-diphenylpiperazine (49)
EADOHET TR, 21XD 84% ODINETER L. HPLC SHTICEK D >99% ee D
RRKTHDZEEMBLRE. colorless needles; mp 77~78 °C; [a],”’ -108 (c 1.0,
CHCl,); HPLC (Chiralpak AD; 2% iPrOH/ hexane, flow rate = 0.2 ml/min; #, = 11 min (R, R), 14
min (S, S)) >99% ee (R,R); 'H-NMR (CDCl,, 200 MHz); § 1.49 (s, 9H), 1.74 (brs, 1H), 2.84
(ddd, 2H, J = 13.4, 9.0, 1.5 Hz), 3.34 (dd, 1H, J = 12.5, 4.4 Hz), 3.64-4.15 (m, 3H),
5.15-5.40 (brs, 1H), 7.27-7.52 (m, 10H); IR (CHCl,) v 3010, 2980, 1680, 1410, 1160, 1120,
700 cm’; MS (m/z) 338 M"), 281, 237, 208, 132, 91, 77; HRMS calcd. for 338.19958 (M"),
found 338.20025; Anal. calcd. for C, H,N,O,: C, 74.57; H, 7.86; N, 8.15. found: C, 74.53; H,
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7.74; N, 8.23.

(2R,5R)-2,5-Diphenyl-1-methylpiperazine (48)

BARDOHEITHN, 49 XD 77% OB TERL 7=, colorless oil; [a],” -2.47 (c
0.95, CHCl,); "H-NMR (CDCl,, 400 MHz); & 1.85 (brs, 1H), 2.09 (s, 3H), 2.68 (dd, 1H, J =
11.9, 3.6 Hz), 2.82 (dd, 1H, J=12.3, 4.1 Hz), 2.92 (dd, 1H, J=12.3, 8.1 Hz), 3.19 (dd, 1H, J
=8.1, 4.1 Hz), 3.27 (dd, 1H, J=11.9, 3.6 Hz), 4.14 (t, 1H, J = 3.6 Hz), 7.21-7.45 (m, 8H),
7.74 (d, 2H, J= 6.7 Hz); IR (neat) 3250, 3080-2750, 1660, 1445, 1200, 760, 700 cm’.

(2R,5R)-2,5-Diphenyl-1-methylpiperazine dihydrochloride (4 8°2HCI)

212HCl DFREIZHEV, 48 LIBEBE L DER L.  colorless prisms; mp 204~206
°C (decomp.); [a],”’ -6.7 (c 0.30, H,0); 'H-NMR (D,0, 200 MHz); 3 2.77 (s, 3H), 3.86-4.02
(m, 2H), 4.09 (dd, 1H, 14.7, 11.3 Hz), 4.51 (dd, 2H, J = 14.7, 3.9 Hz), 4.70 (dd, 1H, J =
11.3, 3.9 Hz), 5.41 (t, 1H, J = 3.9 Hz), 7.51-7.64 (m, 10H); IR (KBr) v 2700-2400, 1490,
1420, 1150, 730 cm’; Anal. caled. for C,,H,,N,*2HCI*1/4H,0: C, 61.91; H, 6.88; N, 8.49.
found: C, 61.64; H, 6.79; N, 8.40; Crystal data: C,,H,,N,Cl,, FW = 325.25, orthorhombic,
space group P2,2,2, with a= 18.9720(10) A, b = 11.747(6) A, c = 7.560(4) A, V = 1680.2 A’, Z
=4,D,=1.286 g°cm'3, the structure was refined to R = 0.081, R, = 0.101.

(2R,5R)-2,5-Diphenyl-1-methylpiperazine monohydrochloride (4 8.HCI)

21HCl DFBEFEIZHEL, 48 & 482HCI LD ERR L7z,  colorless prisms; mp 219~221
°C (decomp.); [ot]>*-25.2 (c 1.0, CHCL); 'H-NMR (D,0, 200 MHz); § 2.56 (s, 3H), 3.59-3.68
(m, 2H), 3.78 (dd, 1H, J = 14.4, 10.7 Hz), 4.19 (dd, 1H, J = 14.4, 3.1 Hz), 4.30 (dd, 1H, J =
10.7, 3.1 Hz), 5.17 (t, 1H, J = 3.1 Hz), 7.44-7.74 (m, 10H); IR (KBr) v 3000-2400, 1540,
1500, 1190, 1135, 735 cm’'; Anal. calcd. for C,,H,,N,*HCl: C, 70.70; H, 7.33; N, 9.70. found:
C, 70.29; H, 7.44; N, 9.86; Crystal data: C,,H, N,Cl, FW = 288.80, monoclinic, space group
P2, witha=11.985(3) A, b =6.261(1) A, c = 11.124(3) A, B=107.19°, V= 7975 A’, Z= 2,
D, =1.203 gecm”, the structure was refined to R = 0.035, R, = 0.047.

(2R,5R)-1,4-Dimethyl-2,5-diphenylpiperazine (50)

EADOHE TN, 215D 83% ODINBTAER L,  colorless oil; [a],”’ -62.2 (c
1.1, CHCL,); '"H-NMR (CDCl,, 200 MHz); 6 2.12 (s, 6H), 2.65 (dd, 2H, J = 12.0, 3.9 Hz),
2.93 (dd, 1H, J = 12.0, 6.1 Hz), 3.55 (dd, 2H, J = 6.1, 3.9 Hz), 7.30-7.43 (m, 6H), 7.68 (dd,
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4H, J=6.5, 1.3 Hz); IR (neat) 3025-2785, 1671, 1311, 1156, 759, 705 cm'

(2R,5R)-1,4-Dimethyl-2,5-diphenylpiperazine dihydrochloride (5§-2HCH)

212HCl OFFBEITHE N, 50 CBER IV B L=,  colorless prisms; mp 203~205 °©
C (decomp.); [a],”” -64.0 (c 0.30, H,0); 'H-NMR (D,0, 200 MHz); § 2.73 (s, 6H), 3.61 (dd,
2H, J = 14.1, 3.4 Hz), 4.04 (dd, 2H, J = 14.1, 7.9 Hz), 4.67 (dd, 2H, J = 7.9, 3.4 Hz),
7.54-7.64 (brm, 6H), 7.68-7.77 (brm, 4H); IR (KBr) v 3020, 2700-2400, 1495, 1420, 1150,
730 cm’'; Anal. caled. for C,,H,,N,*2HCle1/4H,0: C, 62.88; H, 7.18; N, 8.15. found: C, 63.08;
H, 7.08; N, 8.24.

(2R,5R)-1,4-Dimethyl-2,5-diphenylpiperazine monohydrochloride (5 0-HCI)

21HCl DFRBEICHEVY, 56 & 502HCI KD B L.  colorless prisms; mp 193~195 °
C (decomp.); [a],” -110 (c 1.0, CHCL,); 'H-NMR (D,0, 200 MHz); §2.33 (s, 6H), 3.07 (brd,
2H, J = 13.3 Hz), 3.36 (brdd, 2H, J = 13.3, 5.3 Hz), 4.05 (br, 2H), 7.35-7.51 (br, 6H),
7.63-7.83 (br, 4H); IR (KBr) v 3300, 2700, 2400- 2150, 1500, 1190, 730 cm™; Anal. calcd. for
C,H,,N,sHCL: C, 71.39; H, 7.65; N, 9.25. found: C, 71.29; H, 7.90; N, 9.18.

(2R,5R)-2,5-Diphenyl-1,4-dipivaloylpiperazine (5§3)

21(1.3 g, 5.5 mmol) & NE, (3.1 mL, 22 mmol) @ CH,Cl, (30 mL) YA¥#ZIZ pivaloyl chloride
(2.7 mL, 22 mmol) ## T L. B|IR T 40 min 8#9 5, KINKZE INHCHIZHVF. AcOEt
THIH %, HHEZ 10% K,CO, KIS, brine TH% L., EBAREBE /R L TE
BB T 5, 7RI % EtOH, Et,0, hexane 75 B #E&H L T 53 (1.9 g, 86%) & B7=,
white solids; mp 159~159.5 °C; [a],'® +21.9 (c 0.36, CHCL); "H-NMR (CDCl,, 200 MHz); &
1.33 (s, 18H), 3.69 (brt, 2H), 4.57 (br, 2H), 5.34 (br, 2H), 7.20-7.36 (m, 10H); IR (KBr) v
2980, 1640, 1625, 1410, 1360, 1140, 1015, 760, 720, 700 cm™; Anal. calcd. for C,H,,N,0,: C,
76.81; H, 8.43; N, 6.89. found: C, 76.61; H, 8.55; N, 6.83.

(2R,5R)-2,5-Diphenyl-1,4-di-(tert-butylacetyl)piperazine (54)

21(0.96 g, 2.4 mmol) & NEt, (2.3 mL, 16 mmol) @ CH,Cl, (20 mL) {&¥& I tert-butylacetyl
chloride 2.0 g, 15 mmol) Z# F L. BIRT4h BT 2, KK Z INHCLIZ H T,
AcOEt THIN 95, FHE%Z 10% K,CO, /KIAWK. brine THEL., EKHEE T R
LATHRBBRE TS, BEZUAMFZIN O 57 4 AlAcOEt: hexane=1 :2, Rf =
0.7 THETZZ LIckD., 54(13g 75%) % %7z, white amorphous; [a],'® -68.9 (c
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0.33, CHCL,); 'H-NMR (CDCl,, 200 MHz); & 0.97 (s, 18H), 1.88 (d, 2H, J = 15.0 Hz), 2.17
(d, 2H, J = 15.0 Hz), 3.0l (dd, 2H, J = 12.5, 11.8 Hz), 5.05-5.28 (m, 4H), 7.22-7.38 (m,
10H); IR (KBr) v 2960, 1650, 1410, 1360, 1140, 750, 700 cm'; Anal. calcd. for C,;H,N,0,: C,
77.38; H, 8.81; N, 6.45. found: C, 77.28; H, 8.94; N, 6.29.

(2R,5R)-1,4-Di-neo-pentyl-2,5-diphenylpiperazine (51)

53(0.97 g, 2.4 mmol) & NaBH, (0.54 g, 14 mmol) ® THF (20 mL) f#¥&#KIZ BF,+Et,0 (2.2
mL, 19 mmol) Z 0°C Ti P L72%&. 2hBKT 5., BRICWAL 2%, K QmL) 22X
BT %, BiEiE 15% HCl (10 mL) THEfESE. BE2hBRT 5. KIGEE 28% 7 >
Fo7AKIZHIT. AcOBt THIH T %, AHIEZ brine THRE L., EKEE T MU T AT
IR BT 5, FRIE % hexane D SEEEAAL T 51090 g, 99%) & 157=. colorless
plates; mp 47~48 °C; [o],'* -55.5 (c 0.32, CHCL); 'H-NMR (CDCl,, 400 MHz); § 0.79 (s,
18H), 2.11 (s, 4H), 2.62 (dd, 2H, J=12.3, 3.4 Hz), 3.30 (dd, 2H, J = 12.3, 6.2 Hz), 3.56 (dd,
2H, J = 6.2, 3.4 Hz), 7.21-7.39 (m, 6H), 7.63 (d, 2H, J = 6.6 Hz); IR (neat) v 2955, 2800,
1480, 1455, 1360, 1155, 1110, 1015, 1020, 755, 700 cm™; Anal. caled. for C,H, N,: C, 82.48;
H, 10.12; N, 7.40. found: C, 82.35; H, 10.17; N, 7.15.

(2R,5R)-1,4-Di-neo-pentyl-2,5-diphenylpiperazine dihydrochloride (51+2HCI)

21.2HCl OFBLEIZREN, 51 LBEB IV SR L.  white solids; mp 161~161.5 C
(decomp.); [a],>° -56.5 (c 0.72, CHCL,); 'H-NMR (CDCl,, 400 MHz) major isomer; 8 0.97 (s,
18H), 3.06 (d, 2H, J = 12.0 Hz), 3.65 (d, 2H, J= 12.0 Hz), 4.28 (d, 2H, J = 11.2 Hz), 4.98
(brt, 2H), 6.64 (brt, 2H), 7.42-7.56 (m, 6H), 8.06 (d, 4H, J = 6.4 Hz), 10.14 (br, 2H): minor
isomer; & 0.90 (s, 9H), 1.00 (s, 9H), 2.88 (br, 1H), 3.16 (d, 1H, J = 13.7 Hz), 3.75 (br, 1H),
3.82 (d, 1H, J=13.7 Hz), 3.91 (brdd, 1H), 4.57 (brt, 1H), 4.85 (brt, 1H), 5.66 (brt, 1H), 6.35
(brt, 1H), 6.95 (brd, 1H), 7.42-7.56 (m, 6H), 7.89 (brd, 2H), 8.26 (br, 2H), 10.84 (br, 1H),
11.11 (br, 1H); C-NMR (CDCl,, 50MHz) major isomer; 0 27.82, 31.46, 57.39, 61.26, 69.19,
129.8, 130.0, 130.5, 130.9, 131.3 : minor isomer; & 27.52, 31.12, 52.89, 56.64, 56.75, 61.75,
64.02, 70.49, 129.8,130.0, 130.5, 130.9, 131.3 [isomer ratio = 62 : 38] ; IR (KBr) v
3500-3200, 2860, 1650-1600, 1480, 1380, 980, 865, 705 cm™'; Anal. caled. for C,H, N,s2HCle
2H,0: C, 64.05; H, 9.10; N, 5.75. found: C, 64.24; H, 9.09; N, 5.95.

(2R,5R)-1,4-Di-neo-pentyl-2,5-diphenylpiperazine monohydrochloride (5 1-HCI)
21°HCl O FELE IRV, 51 & 512HCI K DEK L7z,  white powder; mp 90~91 <C
(decomp.); [0],>° -55.4 (c 0.83, CHCL,); '"H-NMR (CDCl,, 400MHz); 8 0.69 (s, 9H), 1.09 (s,
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9H), 2.09 (m, 2H), 2.41 (d, 1H, J=12.7 Hz), 2.89 (d, 1H, J = 12.7 Hz), 3.42-3.58 (m, 3H),
4.08 (brd, 1H), 4.52 (brd, 1H), 4.64 (brs, 1H), 7.41 (m, 4H), 7.52 (m, 4H), 8.11 (br, 2H),
11.69 (br, 1H); '’C-NMR (CDCl,, 100MHz); & 28.68, 31.81, 32.66, 55.34, 55.75, 63.69,
64.93, 65.85, 128.8,129.7, 131.5, 133.0, 138.9; IR (KBr) v 3420, 2960, 2600, 1480, 1460,
1360, 1140, 760, 735, 700 cm’'; Anal. calcd. for C, H, N,*HCl* H,0: C, 72.11; H, 9.54; N,
6.47. found: C, 71.25; H, 9.15; N, 6.31.

(2R,5R)-1,4-Di-neo-hexyl-2,5-diphenylpiperazine (52)

54 (1.1 g, 2.5 mmol) & NaBH, (0.58 g, 15 mmol) @ THF (30 mL) ##&#&Z BF,*Et,0 (2.3
mL, 20 mmol) Z 0°C T FL /=&, 2h BT 5. BRITHHAL 2., /K@ mL) 22X
BT B, BEZ 15% HCl (12 mL) THEMRIE, BE2h BRI 5. RINNKZ 28% 7 >
Eo7KICHF. AcOEt THIH T 5, FHEEZ brine THH L., BARET NI T LT
W IR RS 5, TR % hexane D SHEHEAL T 52(098 g, 96%) % 7=, colorless
plates; mp 64~66 °C; [a],'® -54.0 (c 1.0, CHCL); "H-NMR (CDCl,, 200MHz); § 0.76 (s, 18H),
1.29 (dt, 2H, J = 12.1, 4.9 Hz), 1.46 (dt, 2H, J = 12.1, 4.9 Hz), 2.13 (dt, 2H, J = 11.8, 4.9
Hz), 2.31 (dt, 2H, J= 11.8, 4.9 Hz), 2.65 (dd, 2H, J = 11.8, 3.5 Hz), 2.98 (dd, 2H, J = 11.8,
6.3 Hz), 3.71 (dd, 2H, J = 6.3, 3.5 Hz), 7.25-7.40 (m, 6H), 7.69 (d, 4H, J = 7.4 Hz); IR (KBr)
v 2960-2800, 1490, 1475, 1450, 1360, 1120, 760, 705 cm'; Anal. caled. for C,H,,N,: C,
82.70; H, 10.41; N, 6.89. found: C, 82.42; H, 10.51; N, 6.94.

(2R,5R)-1,4-Di-neo-hexyl-2,5-diphenylpiperazine dihydrochloride (52+2HCI)

212HCI D FRBFEIZHRE N, 52 CRERR XD E KL =,  white solids; mp 136~137 C
(decomp.); [al,'® -92.5 (c 0.32, CHCL,); 'H-NMR (CDCl,, 400MHz) major isomer; 8 0.72 (s,
18H), 1.66 (d, 2H, J = 8.8 Hz), 2.94 (br, 2H), 3.52 (br, 2H), 4.27 (br, 2H), 4.58 (brt, 2H),
6.45 (br, 2H), 7.53 (m, 6H), 7.95 (m, 4H), 10.95 (br, 2H): minor isomer; & 0.74 (s, 9H), 0.76
(s, 9H), 1.55 (br, 4H), 2.75 (br, 1H), 2.92 (br, 1H), 3.24 (m, 2H), 3.76 (d, 1H, J = 11.7 Hz),
3.96 (br, 1H), 4.08 (br, 1H), 4.68 (br, 1H), 5.82 (br, 1H), 6.27 (br, 1H), 7.47 (m, 6H), 7.95
(m, 4H), 11.91 (br, 1H), 12.48 (br, 1H) [isomer ratio = 67 : 33]; IR (KBr) v 2960, 2240, 1675,
1465, 1360, 1200, 760, 700 cm; Anal. caled. for C,H,,N,»2HCI: C, 70.13; H, 9.25; N,
5.84%. found: C, 70.12: H, 9.34; N, 5.75%.

(2R,5R)-1,4-Di-neo-hexyl-2,5-diphenylpiperazine monohydrochloride (5§ 2<HCI)
21-HCl DA FEITHEY, 52 & 522HCI K D&EBL /=,  white solids; mp 87~88 C
(decomp.); [a],'® -75.4 (c 1.1, CHCL); 'H-NMR (CDCl,, 200 MHz); & 0.68 (s, 9H), 0.81 (s,
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9H), 1.20 (dt, 1H, J= 12.4, 4.7 Hz), 1.35 (dt, 1H, J = 12.4, 5.0 Hz), 1.60 (dt, 1H, J = 12.5,
4.7 Hz), 1.91 (dd, 1H, J= 12.5, 2.9 Hz), 2.01-2.32 (m, 3H), 2.60 (dt, 1H, J = 12.0, 4.7 Hz),
2.87 (brt, 1H, J = 12.0 Hz), 3.03 (brt, 1H, J=9.0 Hz), 3.23 (d, 1H, J= 11.1 Hz), 3.40 (d, 1H,
J =129 Hz), 3.59 (dd, 1H, J = 12.9, 2.9 Hz), 422 (d, 1H, J = 9.0 Hz), 4.67 (brs, 1H),
7.40-7.54 (m, 8H), 8.12 (m, 2H), 12.60 (br, 1H); IR (KBr) v 3450, 2960, 2400, 1680, 1475,
1365, 1200, 1115, 760, 700 cm’".

BIEEAHITET HER

(2R,5R)-1,4-Di-neo-pentyl-2,5-diphenylpiperazine dihydrobromide (51<2HBr)

21.2HCl OFBIRICHEWN, 51 & 48% HBr KA L D & L7z,  white solids; mp
210~211 °C (decomp.); [oc]D18 -47.6 (c 0.89, CHCL,); "H-NMR (CDC13, 400 MHz) major isomer;
6 0.99 (s, 18H), 3.04 (d, 2H, J=13.7 Hz), 3.67 (dd, 2H, J= 13.7, 7.8 Hz), 4.26 (m, 2H), 5.02
(dt, 2H, J=12.2, 7.8 Hz), 6.74 (m, 2H), 7.56 (m, 6H), 8.05 (d, 4H, J= 5.9 Hz), 9.54 (br, 2H):
minor isomer; 6 0.91 (s, 9H), 1.01 (s, 9H), 2.92 (d, 1H, J = 13.2 Hz), 3.18 (d, 1H, J= 13.7
Hz), 3.80 (m, 2H), 4.01 (dd, lH,\J= 13.7, 7.8 Hz), 4.64 (brdd, 1H), 4.94 (dd, 1H), 5.89 (dt,
1H), 6.39 (brdt, 1H), 6.96 (d, 1H, J= 13.7 Hz), 7.53 (m, 6H), 7.92 (d, 2H, J = 7.3 Hz), 8.33
(br, 2H), 9.92 (br, 1H), 10.28 (br, 1H) [isomer ratio = 66 : 34] ; IR (KBr) v 3420, 2960, 2590,
1480, 1465, 1375, 1055, 750, 705 cm™; Anal. calcd. for C,(H; N,*2HBr: C, 57.78; H, 7.46; N,
5.18. found: C, 57.41; H, 7.51; N, 5.04.

(2R,5R)-1,4-Di-neo-pentyl-2,5-diphenylpiperazine dihydroiodide (52+2HI)

212HCI D FABEIZHEWN, 51 &E55% HI KB KD & L7,  white powder; mp
226~227 °C (decomp.); [a],'* -28.0 (c 0.68, CHCL,); "H-NMR (CDCl,, 400 MHz) major isomer;
0 1.00 (s, 18H), 3.11 (d, 2H, J = 13.7 Hz), 3.75 (dd, 2H, J = 13.7, 8.3 Hz), 4.09 (dt, 2H, J =
13.7, 5.4 Hz), 5.22 (dt, 2H, J=12.7, 6.8 Hz), 6.85 (dt, 2H, J=11.5, 5.4 Hz), 7.59 (m, 6H),
8.15 (m, 4H), 8.87 (br, 2H): minor isomer; d 0.93 (s, 9H), 1.04 (s, 9H), 2.99 (d, 1H, J = 13.7
Hz), 3.19 (d, 1H, J = 14.2 Hz), 3.77 (m, 2H), 3.92 (dd, 1H, J =14.2, 8.3 Hz), 4.60 (dd, 1H),
4.99 (m, 1H), 6.16 (brt, 1H), 6.29 (brdt, 1H), 6.71 (d, 1H, J=13.7 Hz), 7.58 (m, 6H), 7.96 (d,
2H, J= 6.9 Hz), 8.37 (br, 2H), 9.00 (br, 1H), 9.58 (br, 1H) [isomer ratio =79 :21]; IR (KBr)
v 3440, 2955, 1465, 1375, 760, 700 cm’".
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(2R,5R)-1,4-Di-neo-pentyl-2,5-diphenylpiperazine dihydrofluoride (52+2HF)

212HCl O FREITH N, 51 & 48% HF KIFHR L DS L7Z,  white powder; mp
154-156 °C (decomp.); [a],° -22.9 (c 0.52, CHCL,); 'H-NMR (CDCl,, 200 MHz); & 0.86 (s,
18H), 3.13 (d, 2H, J=13.8 Hz), 3.40 (dd, 2H, J=13.7, 8.3 Hz), 3.70 (brd, 2H, J= 13.8 Hz),
4.95 (brt, 2H), 5.70 (br, 2H, J= 11.5, 5.4 Hz), 7.58 (m, 6H), 7.88 (m, 4H), 8.51 (br, 2H) ; IR
(KBr) v 3600, 2960, 1645, 1480, 1140-1000, 755, 700 cm’".

(2R,5R)-1,4-Di-neo-pentyl-2,5-diphenylpiperazine tetrakis(hydrogen trifluoro-
acetate) (5 1+4CF,COOH)

51(0.17 g, 0.45 mmol) Z TFA (4 mL) IZ¥EME L. 10 min BT 2, BEZ EEEERRE.
BEE BLOD SEERT 5 I &Ik D, 514CF,COOH (0.37 g, 99%) % 1% 7=,
colorless prisms; mp 82~83 °C (decomp.); [al,'® -41.5 (c 0.87, CHCL); "H-NMR (CDCl,, 400
MHz); § 0.86 (s, 18H), 2.96 (d, 2H, J = 12.2 Hz), 3.41 (d, 2H, J= 12.2 Hz), 3.81 (d, 2H, J =
12.2 Hz), 4.72 (brt, 2H), 5.76 (brd, 2H), 7.56 (brs, 6H), 7.63 (brs, 4H), 10.22 (br, 2H), 12.31

(br, 2H) ; IR (KBr) v 2990, 1775, 1655, 1200, 1150, 700, 600 cm”; Anal. calcd. for
C,H,N,*4CF,COOH: C, 48.92; H, 5.07; N, 3.36. found: C, 48.86; H, 5.05; N, 3.47.

(2R,5R)-1,4-Di-neo-pentyl-2,5-diphenylpiperazine bis(hydrogen methane-
sulfonate) (5 1.2CH,SO,H)
'H-NMR (CDCl,, 200 MHz); 8 0.86 (s, 18H), 3.06 (m, 2H), 3.49 (dd, 2H, J = 13.8, 6.8 Hz),
3.72 (brd, 2H), 5.04 (brdt, 2H), 6.28 (brt, 2H), 7.55 (m, 6H), 8.02 (m, 4H), 9.39 (br, 2H).

(2R,5R)-1,4-Di-neo-pentyl-2,5-diphenylpiperazine  bis(hydrogen p-toluene-
sulfonate) (51-2CH,C,H,SO,H)

'H-NMR (CDCl,, 200 MHz); § 0.85 (s, 18H), 3.03 (d, 2H, J= 13.3 Hz), 3.69 (dd, 2H, J =
13.3, 7.6 Hz), 3.92 (brd, 2H, J=13.7 Hz), 5.06 (dt, 2H, J=13.3, 7.6 Hz), 6.14 (brt, 2H), 7.50
(m, 6H), 7.97 (m, 4H), 9.32(br, 2H).

(2R,5R)-1,4-Di-neo-pentyl-2,5-diphenylpiperazine dihydrogen hexafluoro
glutarate (5 1°'HOOC(CF,),COCH )
amorphous; [o],”°-45.5 (c 0.68, CHCL,); 'H-NMR (CDCI,, 400 MHz, 313K) major isomer; &
0.65 (s, 9H), 1.04 (s, 9H), 1.87 (d, 1H), 2.03 (br, 1H), 2.29 (d, 1H), 3.09 (d, 1H), 3.41 (m,
3H), 4.12 (m, 2H), 4.91 (brs, 1H), 7.41-8.04 (m, 10H), 11.18 (br, 2H): minor isomer; 6 0.92 (s,
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18H), 2.90 (br, 2H), 3.48 (br, 2H), 3.82 (br, 2H), 4.59 (br, 2H), 5.77(br, 2H), 7.41-8.04 (m,
10H), 12.34 (br, 2H) [isomer ratio = 64 : 36]; IR (KBr) v 2960, 1765, 1740, 1680, 1060, 760,
700 cm’.
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(IR,2R,4R,5R)-2,5-Diphenyl-1,4-diazabicyclo[2.2.2]octane (35a) and

(I1S,2R,4S,5R)-2,5-Diphenyl-1,4-diazabicyclo[2.2.2]octane (35b)

49 (0.51 g, 1.5 mmol) & K,CO, (0.62 g, 4.5 mmol) % ethylenedibromide (10mL) IZ B =
., shBFHBRT 2, HHB. RIGKZEKIIHIT. CHC, THHET S, FEEZ
brine T L. EKFEEFT N UL TEET S, BREE BEz U507 O0%b
/757 4 (35a: acetone, Rf = 0.4; 35b: acetone, Rf = 0.7) THUAFH L. {KMIEE 7% AcOEt,
CH,CL, DIEEEE,» S EMMA L, 35a(128 mg, 32%) 2R/, . BBHEED)Z
AcOEt, CH,Cl, DIEEIEEED S EHEM L. 35b (45 mg, 12%) 2157z,

35a; colorless plates; mp 208~208.5 °C; [a],'* -135.3 (c 0.43, CHCL,); 'H-NMR (CDCL,
200 MHz); § 2.93 (dd, 2H, J = 13.4, 9.0 Hz), 3.08 (brs, 4H), 3.25 (ddd, 2H, J =134, 9.0, 1.5
Hz), 2.82 (brt, 2H, J = 9.0 Hz), 7.12-7.31 (m, 10H); '’C-NMR (CDCl,, 50 MHz); & 47.4, 48.7,
56.4, 126.7, 1269, 128.4, 141.3; IR (KBr) v 2880, 1600, 1490, 1175, 810, 725, 700 cm'; MS
(m/z) 264 (M), 222, 208, 173, 160, 131, 104, 91, 77, 57; Anal. calcd. for C,jH,N,: C, 81.78;
H, 7.63; N, 10.60. found: C, 81.52; H, 7.59; N, 10.60; Crystal data: C,;H,,N,, FW = 264.37,
monoclinic, space group C2 with a = 10.782(3) A, b = 6.457(4) A, ¢ = 12.027(3) A, B =
123.17(1) °,V = 700.9 A’, Z= 4, D, = 1.253 gecm”, the structure was refined to R = 0.041, R, =
0.048. |

35b; colorless prisms; mp 153~154 °C; [a],'® -168.9 (c 0.45, CHCL,); 'H-NMR (CDCl,,
200 MHz); & 2.57 (m, 2H), 2.79 (m, 2H), 3.15 (dd, 2H, J = 12.9, 8.8 Hz), 3.69 (dd, 2H, J =
12.9, 8.8 Hz), 4.08 (t, 2H, J = 8.8 Hz), 7.25-7.36 (m, 2H), 7.38-7.45 (m, 8H); '’C-NMR
(CDCl,, 50 MHz); 5 41.2, 55.1, 56.1, 126.9, 127.1, 128.5, 141.4; IR (KBr) v 2930, 1495,
1445, 1060, 800, 745, 735, 700 cmm’'; MS (m/z) 264 (M"), 131, 118, 104, 91, 77, 57; Anal.
calcd. for C,;H,,N,: C, 81.78; H, 7.63; N, 10.60. found: C, 81.42; H, 7.55; N, 10.49; Crystal
data: C,H,,N,, FW = 264.37, orthorhombic, space group P2,2,2, with a = 9.293(3) A b=
19.982(10) A, c = 7.947(5) A,V = 1420.0 A’, Z=4, D_=1.236 gecm™, the structure was refined
to R = 0.031, R, = 0.033.
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2,6-Pyridinedicarbonyl bis[(2'R,5'R)-2',5'-diphenylpiperazine] (73)

49 (6.0 g, 18 mmol) & NEt, (15 mL, 108 mmol) ® CH,Cl, (30 mL) ¥A¥& IZ dipicolinyl
chloride (69; 2.5 g, 13 mmol) ® CH,Cl, (100 mL) 5% 0°C T I.5hMNIFTH F 95,
T, BIRT1hBBRT 3, RIEKZE 10% K,CO, KBFRICHT. CH,CL THH T 5,
HHEJEZ brine THEEL . BB /X UL THER, BEBMIT 2 &ITLD
diBoc & Z2&7-, Z4%E CH,ClL, (40 mL) & TFA (14 mL, 0.36 mol) IZ¥A/» L. FERT1h
BRI 5, RINK%E 10% K,CO, KBKRIZH T, CH,C, THIHT 2, HHE% brine T
Ve L. EKFREET NU UL THERBHT %, K% E,0, hexane, EtOH 20 5 i
Bz EICED, 73(45 g 84% basedon49) #7157z,  white powder; mp 177~178 °C;

[a],” (c 0.88, CHCL) -59.9; 'H-NMR (CDCl,, 400 MHz) & 2.88 (dd, 3/8H, J = 13.2, 11.0

Hz), 2.95 (dd, 3/4H, J = 13.2, 11.0 Hz), 3.05 (dd, 3/4H, J= 13.2, 11.0 Hz), 3.33 (dd, 1/2H, J
= 12.6, 4.1 Hz), 3.41 (dd, 1/4H, J = 8.4, 4.1 Hz), 3.49 (dd, 3/4H, J= 12.6, 4.1Hz), 3.55-3.68
(m, 11/8H), 3.75-3.90 (m, 21/8H), 3.95 (dd, 1/2H, J = 11.0, 3.3 Hz), 3.99 (dd, 1/4H, J = 11.0,
3.3 Hz), 4.18 (dd, 3/4H, J = 10.6, 2.7 Hz), 4.66 (dd, 3/4H, J = 13.6, 2.7 Hz), 5.22 (brd, 1/4H),
5.25 (brd, 1/2H), 5.93 (brd, 3/8H), 6.01 (brd, 3/4H), 7.15-7.42 (m, 145/8H), 7.65-7.71 (m,
9/4H), 7.78 (dd, 15/8H, J = 12.1, 7.7 Hz), 7.93 (dd, 1/2H, J=17.7, 5.3 Hz), 7.96 (d, 1/4H, J =
5.3 Hz); IR (CHCI,) v 2980, 2800, 1680, 1610, 1440, 1400, 1300, 1150, 1020, 680 cm™; MS
(m/z) 607 (MY, 491, 477, 399, 343, 237, 208, 121, 104, 91, 77, HRMS calcd. for C,;H;,N;0,
607.2946, found: 607.2950 (M*); Anal. caled. for C,;H,.N,O,: C, 77.08; H, 6.14; N, 11.52.
found: C, 76.96; H, 6.09; N, 11.45.

Isophthaloyl bis[(2'R,5'R)-2',5'-diphenylpiperazine] (74)

49 (2.0 g, 6.0 mmol) & NEt, (3.3 mL, 24 mmol) ® CH,Cl, (20 mL) Y& isophthaloyl
chloride (70; 0.86 g, 4.2 mmol) Z 0°C T 10 min M TH F9 %, W &, ZRT2hE#
T3, Rz 10% K,CO, KIBEHIZH . CHCl, THItH T2, FHE% brine THH
U, BKFEEE~ S 3> UL TEEREE, BERWEL. dBoc Az 57z, ZH1% TFA (6.9
mL) 2N L, BRT1IhERT S, KIHKZ 10% K,CO, KERIZHVT, CH,Cl, TH
Hd 2%, EHEZ brine THIFL., TARER ST NI UL TERRBEWRTS. REZY
HEIN T N5 T 4 (AcOBL, Rf = 0.55) IZ X DAEE L. 74(1.5 g, 80% based on 49)
%787,  amorphous; mp 100~102 °C; [a],” (¢ 0.21, CHCL,) -84.9; 'H-NMR (CDCL,, 200
MHz) B30 BEAROESY O%. REFTTEE IR (KBr) v 3320, 3030, 2800, 1735, 1630,
1420, 1020, 700 cm™'; MS (m/z) 606 (M"), 475, 398, 369, 342, 237, 208, 133, 120, 164, 91, 77,
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HRMS calcd. for C, H,,N,0,: 606.2997, found 606.3011 (M").

Glutaryl bis[(2'R,5'R)-2',5"-diphenylpiperazine] (75)

49 (2.0 g, 6.0 mmol) & NEt, (3.4 mL, 24 mmol) ® CH,Cl, (80 mL) ¥&{& IZ glutaryl chloride
(71;0.54 mL, 4.2 mmol) @ CH,CL, (70 mL) AR Z =R T 1S5 h DT TH T 5. H F &,
ZIH T 10 min BT 5, RIBEZ 10% K,CO, KIBMRIZH T, AcOEt THHT %, A
8% brine THEL. EAMEB< Y 30 L THEER, BEBELZbOZ, UL
W< N2 57 4 (AcOEt/hexane=1: 1, Rf = 0.55) ICX DEHE L, diBoc & (23 g,
quant.) Z2%57/z, Zi % CH,CL (10mL) & TFA (6.6 mL) IZEM L, R T 1hiERT 5,
Kk % 10% K,CO, KIBWIC HVF, CH,Cl, THIHT 2, GHE% brine TH®EL ., &
KEEEE T U UL THEBEBR TS, BBEZSUAFZINIUT NS5 T 4 (AcOE, RS =
0.4) ICLDKERL, 75(1.6 g, 92% based on 49) %45 /=,  amorphous; mp 88~90 °C;
[a],”° (c 0.24, CHCL,) -102.9; 'H-NMR (CDCl,, 200MHz) B D BZHEEDREY 0%, &
B AT fE; IR (CHCL) v 3010, 1630, 1490, 1450, 1420, 700 cm™; MS (m/z) 572 M"), 453,
441, 335, 237, 208, 132, 120, 104, 91, 77, HRMS calcd. for C,,H,,N,0, 572.3154, found
572.3122 (M").

Diglycolyl bis[(ZR,5R)-diphenylpiperazine] (7 6)

49 (2.0 g, 6.0 mmol) & NEt, (3.4 mL, 24 mmol) ® CH,CI, (100 mL) YA # T diglycolyl
chloride (72; 0.50 mL, 4.2 mmol) Z =B T 5Smin M TH T35, M %, =BT 30 min
BT 5, RIGKZE 10% K,CO, KIERIZH T, AcOEt THIHT 5., HHE % brine TH
BL., BB XU LATERE BEBRELZbOZ, SUAS IV IORRT S
74 (AcOEt/hexane = 1: 1,Rf = 0.3) ICX DR L., diBoc & 2.1 g /B, T %
CH,CL, (20 mL) & TFA (5.7 mL) iZ¥&M L. EIRT1 h BRI 5, RIGHE 2 10% NaOH 7K
EIRIZH VT, AcOEt THIHI %, A8 % brine THH L. HAKREET MU DU L THE
BEMHET S, REZUANFZNIZOINT S 7 4 (AcOEL Rf=025) IZXDBERL, 76

(1.3 g, 78% from 49) %15 7=,  amorphous; [a],”’ (c 0.50, CHCL,) -130.6; 'H-NMR
(CDCl,, 200 MHz) B0 BIEEDREY 0%, WREAFEE; IR (CHCL) v 3010, 1655,
1495, 1450, 1140, 700 cm’'; MS (m/z) 574 (M), 442, 336, 237, 208, 132, 120, 104, 91, 77;
HRMS calcd. for C,H,N,O, 574.2946, found 574.2946 (M").

(I0R,21IR,23R,26R)-10,21,23,26-Tetraphenyl-2,8,13,19-tetraoxo-1,9,12,20,
25,28-hexaazapentacyclo[18.2.2.2"% 17, 1'*"*Joctacosa-3,5,7(28),14,16,18(25)-
hexaene (62)
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Cs,CO, (9.0 g, 27 mmol) @ CH,CI, (500 mL) B &HKRIZ. 73 (3.4 g, 5.5 mmol) @ CH,CI,
(50 mL) ¥8#& & 69 (1.7 g, 6.6 mmol) @ CH,Cl, (50 mL) ¥A#R % . ZiR T 23 h M CRKHC
WL, S5 240 BHT 5, RIGREZEIEENEL . BERKEKICH T, CHC, T
it 9 5, AHEZ brine THRHF L. BKRE X UL TESEE. BET 5, BE
ZURTIVI AT NI T T 4 (AcOEt /hexane = 5 : 1, Rf = 0.60) THLEHI L. AcOEt IZ
TH#ERTHIEITED, 6221 g, 52%) 157z,  colorless prisms; mp 225~226 °C;
[0],>° (c 1.0, CHCL,) -97.0; 'H-NMR (CDCl,, 400 MHz) & 3.53 (dd, 2H, J = 14.1, 11.7 Hz),
3.72 (dd, 2H, J= 14.3, 11.4 Hz), 4.60 (dd, 2H, J = 14.3, 6.2 Hz), 5.64 (dd, 2H, J = 14.1, 7.0
Hz), 5.79 (dd, 2H, J = 11.7, 7.0 Hz), 7.00-7.02 (m, 4H), 7.08 (brtt, 2H, J=7.3 Hz), 7.11-7.16
(m, 6H), 7.34-7.40 (m, 2H), 7.44-7.45 (m, 8H), 7.51 (t, 1H, J= 7.9 Hz), 7.78 (d, 2H, J= 7.9
Hz), 7.85 (d, 2H, J=7.9 Hz), 8.01 (t, 1H, J= 7.9 Hz); "’C-NMR (CDC13,V 50 MHz) 8 44.7 (¢),
49.5 (t), 58.1 (d), 61.3 (d), 125.3 (d), 125.7 (d), 126.4 (d), 127.8 (d), 128.2 (d), 128.4 (d),
129.4 (d), 129.5 (d), 137.8 (d), 138.8 (s), 150.9 (s), 152.5 (s), 166.4 (s), 167.5 (s); IR (KBr) v
1640, 1425, 1140, 745, 700 cm™; MS (m/z) 738 (M"), 710, 235, 208, 149, 137, 119, 105, 91,
78, 72, 57; HRMS calcd. for C,H,,N,O, 738.2957, found: 738.2920 (M"); Anal. calcd. for
C,H,,N,O,*H,0: C, 73.00; H, 5.32; N, 11.10. found: C, 72.84; H, 5.18; N, 10.98; Crystal
data: C,;H,,N,O,, FW = 784.92, monoclinic, space group P2, with a = 11.054(6) A, b =
19.720(6) A, ¢ = 9.721(6) A, B = 99.09(5) °,V =2092.4 A’, Z = 2, D, = 1.246 gecm”, the
structure was refined to R = 0.082, R, = 0.086.

(10R,2IR,23R,26R)-10,21,23,26-Tetraphenyl-2,8,13,19-tetraoxo-1,9,12,20
-tetraazapentacyclo[18.2.2.2>"% 17, 1'*"*|octacosa-3,5,7(28),14,16,18(25)-
hexaene (63)

74 (1.5 g, 2.4 mmol) & Cs,CO, (3.9 g, 12 mmol) ® CH,CL, (300 mL) fk& &Iz, 70 (0.53
g, 2.6 mmol) ® CH,Cl, (100 mL) F#K %, R T 12h AT TH L., 51T 68hiHT
%, RIGEZETEREL. BMAKZ 2N HCLIZH ) CH,CL, THH T3, A#E%:
10% K,CO, 7/K¥& ¥, brine THHL . EAKRE< T R0 LTHEEE, BT S, &RE
ZUNTINIOR ST ST 4 (AcOE, Rf = 0.65) THER L., AcOBt IS CHEIERTSZ
EiCED. 63(0.96 g, 54%) 24537z,  colorless prisms; mp >300 °C; [a],>° (c 1.3, CHCL,)
-214.7; '"H-NMR (CDCl,, 200 MHz) § 3.37 dd, 2H, J = 13.8, 11.3 Hz), 3.55 (dd, 2H, J =
14.8, 10.7 Hz), 4.14 (dd, 2H, J = 14.8, 7.2 Hz), 4.72 (dd, 2H, J = 10.7, 7.2 Hz), 5.45 (dd, 2H,
J=13.8, 7.6 Hz), 6.13 (dd, 2H, J=11.3, 7.6 Hz), 6.71 (d, 2H, J= 2.3 Hz), 6.75 (s, 2H), 7.02
(d, 2H, J= 7.6 Hz), 7.20-7.28 (m, 8H), 7.32-7.43 (m, 12H), 7.64 (s, 2H); ’C-NMR (CDCl,,
50 MHz) § 42.5, 47.8, 60.4, 124.2, 124.9, 125.6, 127.0, 128.2, 128.3, 128.8, 129.1, 129.2,
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129.3, 170.8, 171.5; IR (KBr) v 3440, 2920, 1660, 1425-1390, 750, 700 cm’; Anal. calcd. for
C,H,N,0,°CH,Cl,: C, 71.62; H, 5.15; N, 6.82. found: C, 71.65; H, 5.10; N, 6.89.

(8R,17R,19R,21R)-8,17,19,21-Tetraphenyl-2,6,11,15-tetraoxo-1,7,10,16-
tetraazatricyclo[14.2.2.27’1°]doc0sane 64)

75 (1.4 g, 2.4 mmol) & NE, (1.7 mL, 12 mmol) ® CH,Cl, (300 mL) ¥&¥#&IZ. 71 (0.37 mL,
29 mmol) &, BERT2hNTTHEFL, IS5 RhERTSH, RIGKZ BERE L.
JEHEVS IR % 2N HCI 125V CH,CL, THIH T %, HHE % 10% K,CO, /K¥A¥R . brine THE
WL, BRSO LTHRE, BRIT2, REZ YNV 70O NS T4
(CH,CL, / acetone = 40 : 1, Rf = 0.45) THIEM L. CH,CL, MeOH ICTHMMAT S Z &K
D. 65(0.67 g 41%) &7z,  colorless prisms; mp >300 °C; [a]," (c 1.0, CHCL,) -108.4;
'H-NMR (CDCl,, 200 MHz) § 1.71-1.95 (m, 8H), 2.56-2.75 (brm, 4H), 2.18-2.60 (m, 4H),
3.02 (dd, 2H, J = 12.4, 9.2 Hz), 5.04-5.25 (m, 8H), 7.23 (t, 8H, J = 5.8 Hz), 7.28-7.40 (m,
12H); '*C-NMR (CDCl,, 50 MHz) & 18.4 (t), 30.0 (1), 43.2 (), 58.0 (d), 125.2 (d), 128.2 (d),
129.3 (d), 138.7 (s), 173.4 (s); IR (KBr) v 2950, 1650, 1415, 700 cm™; MS (m/z) 668 M"),
572, 441, 335, 237, 208, 132, 120, 104, 91, 77; HRMS calcd. for C,,H,,N,O, 668.3365, found
668.3369 (M"); Anal. calcd. for C,,H,,N,O,*H,0: C, 73.45; H, 6.75; N, 8.16. found: C, 73.63;
H, 6.71; N, 8.05.

(8R,17R,19R,21R)-8,17,19,21-Tetraphenyl-2,6,11,15-tetraoxo-1,7,10,16-
tetraaza-4,13-dioxatricyclo[14.2.2.2"'"/docosane (65)

76 (1.3 g, 2.2 mmol) & Cs,CO, (3.6 g, 11 mmol) ® CH,Cl, (300 mL) &Iz, 72 (0.29
mL, 2.4 mmol) ® CH,ClL, (S0mL) 5%, BRTShMTTHTFL, X5 16h BET 5.
KRG ERTEEL ., BHRARZKICH VT CH,CL THHT %, HHE% brine THEL.
KRB~ 7 R 7 L THERE., BT 2. BREZUNT N IO NI 57 4 (AcOEt
/hexane =4: 1, Rf = 0.60) THERL ., ACORMICTHEERTA I LITLD., 65053,
35%) % f&7=,  colorless prisms; mp 240~241 °C; [a],’’ (c=1.0, CHCL,) -124.8; 'H-NMR
(CDCl,, 200 MHz) § 3.17 (dd, 4H, J = 11.7, 8.8 Hz), 3.83 (d, 4H, J= 14.6 Hz), 4.39 (d, 4H, J
= 14.6 Hz), 5.16 (d, 2H, J = 6.8 Hz), 5.23 (s, 4H), 5.29 (d, 2H, J = 6.8 Hz), 7.20-7.48 (m,
20H); "*C-NMR (CDCl,, 50 MHz) § 43.2 (t), 57.2 (d), 67.8 (t), 125.3 (d), 128.7 (d), 129.6 (d),
138.0 (s), 169.2 (s); IR (KBr) v 1660, 1425, 1140, 750, 700 cm; MS (m/z) 672 (M"), 208,
132, 118, 104, 91, 77, 56; HRMS calcd. for C,,H,,N,O,: 672.2950, found 672.2958 (M");
Anal. calcd. for C,;H,N,O;: C, 71.41; H, 5.99; N, 8.33. found: C, 71.16; H, 6.10; N, 8.24.
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(I10R,19R,21R,23R)-10,19,21,23-Tetraphenyl-2,8,13,17-tetraoxo-1,9,12,18,
25-pentaazatetracyclo[16.2.2.29’12. 13’7]pentacosa-3,5,7(25)-triene (66)

73 (1.1 g, 1.8 mmol) & Cs,CO, (2.9 g, 9.0 mmol) @ CH,CL, (500 mL) R &K IZ, 71 (0.25
mL, 2.0 mmol) ® CH,CL, (100 mL) A% %, EIRT I6hNIFTTH FL, S5 9hiEHRT
%, RIGEZBITERL. BHEAKRZ/KICH T CHCl, THIET 5, FHEZ brine TH
L. EAKBEEES UL THEE, BT 5, RE % AcOEL, hexane ICTHKE AT 5
ZEiTED, 66(1.20 g, 95%) 4 7=.,  colorless prisms; mp >300 °C; [a],*° (c 0.95,
CHCI,) -286.7; 'H-NMR (CDCl,, 200 MHz) & 1.81 (brs, 4H), 1.88 (m, 2H), 3.26 (dd, 2H, J =
14.0, 11.4 Hz), 3.46 (dd, 2H, J = 13.5, 10.6 Hz), 5.12 (dd, 2H, J = 14.0, 6.4 Hz), 5.27 (dd,
2H, J = 13.5, 6.8 Hz), 5.39 (dd, 2H, J= 10.6, 6.8 Hz), 5.78 (dd, 2H, J= 11.4, 6.4 Hz), 6.91
(m, 4H), 7.11 (m, 8H), 7.38 (m, 11H); '*C-NMR (CDCl,, 50 MHz) § 29.2, 43.0, 44.2, 58.7,
59.2, 124.4, 125.6, 128.0, 128.4, 128.9, 129.2, 129.4, 138.2, 139.1, 139.6, 151.6, 169.1,
173.5; IR (KBr) v 2870, 1650, 1430, 1440, 1165, 750, 700 cm’; Anal. calcd. for
C,H,,N,0,°H,0: C, 73.21; H, 6.00; N, 9.70. found: C, 73.21; H, 5.96; N, 9.54.

2,6-Pyridinedicarbonyl-2-[4'-tert-butoxycarbonyl-(2 'R, 5 'R)-2',5'-diphenyl
piperazine]-6-[(2"'R,5"R)-diphenylpiperazine] (77)

73 (2.9 g, 4.7 mmol) ® CH,Cl, (40 mL) ¥&#&IZ Boc,O (1.1 g, 5.2 mmmol) @ CH,CI, (15
mL)BEZE 0 CTIhRTTH FLAZ% FERT3h BT 2, KIGRZRERMEL T,
YRSV a< 5 T 4 (AcOEt/ hexane=2: 1, Rf=0.40) THRHETSHI LITLD,
77 (1.8 g, 53%) %&4537=. FKFIC diBoc f& 78 (AcOEt / hexane = 2: 1, Rf = 0.70) % 1.06g
(28%) &%=,  amorphous; mp 118~119 °C; [a],”° (c 1.0, CHCL,) -156.3; 'H-NMR (CDCL,,
200 MHz) B O BHAEOEESY 0%, REARFIRE; IR (CHCL,) v 3000, 1690, 1630, 1400,
1160, 1120, 700 cm™; MS (m/z) 707 (M"), 607, 476, 399, 343, 280, 237, 208, 132, 104, 91, 77,
56; HRMS calcd. for C,,H, N,O, 707.3459, found 707.3475 (M").

Trispiperazine 81 and

Tetrakispiperazine 8 2

77 (1.9 g, 2.7 mmol). 49 (1.1 g, 3.2 mmol) & NE, (1.8 mL, 14 mmol) @ CH,Cl, (25 mL)
YAWRIZ 69 (0.77 g, 3.8 mmol) D CH,ClL, (SmL) A% 0 C T2h N TH F Lz, =ik
T1.5h BT 3, KISKEZ 10% K,CO, KBERIZHIT. CHCL THIHT 2, AREZ
brine THEH, EKFREE~ V%20 A THEEE, BEBRRKT 2 Z &ITX D 3D di-Boc
#78,79, 80 DIESMEE-, Th5E2IUATIVITO NI T T 4 (78 AcOEt/
hexane = 2 : 1, Rf = 0.40; 79: AcOEt, Rf = 0.60; 8 0: AcOEt, Rf = 0.30) TH BEREHET %, 79
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% CH,CL, 45 ml) & TFAQ28 mL) KENL., BR T IhEBRT L., KIGKE 10%
K,CO, KIEWIZH V. CHCL, THIHIT 2. AHEZ brine THHF, HKFHERT HU DA
TERE ., BT 5, BEZ BLO, hexane, BFOH THIEHT 52 £ITX D, 81(1.1 g,
42% basedon77) ZfE7=, F/=. 80 % CH,Cl, 3mL) & TFA (1.5 mL) iIZ¥&N L, IR T
LhERT 5, RIGKE 10% K,CO, KERIZH T, CH,ClL, THHHT %, HHEZ brine
TUEE, EAKFREES NV UL TSR, BT 5. FREZ B0, hexane, EtOH TH#E &
TBHZEICED, 82(0.57 g, basedon77) 47z,

81; white powder; mp 184~185 °C; [a],”" (c 1.0, CHCL) -73.2; 'H-NMR (CDCl;, 200
MHz) EE D BREEKOBEESY 0%, REATHE; IR (CHCL) v 3010, 1630, 1450, 1420,
1340, 1140, 840, 700 cm™; FABMS (m/z) 977 M'+H), 606, 369, 307, 289, 208, 154, HRMS
caled. for C,,H,(N,O, 976.4486, found 976.4429 (M").

82; white powder; mp 187-188 °C; [a],”° (c 1.3, CHCL,) -70.0; 'H-NMR (CDCl,, 200
MHz) B D BEKDESY 0%, WEARRIEE; IR (CHCL) v 3010, 1640, 1630, 1450,
1440, 700 cm’';; FABMS (m/z) 1346 (M'+H), 1268, 975, 602, 487, 370, 221, 154; HRMS
caled. for Cy H, N, 0, 1345.5907, found 1345.5896 (M").

(10R,21R,32R,34R,37R,40R)-10,21,32,34,37,40-Hexaphenyl-2,8,13,19,24,
30-hexaoxo-1,9,12,20,23,31,36,39,42-nonaazaheptacyclo[29.2.2.27"%, 2%, 1%,
1'%, 12| dotetracota-3,5,7(42),14,16,18(39),25,27,29(36)-nonaene (67)

Cs,CO, (3.3 g, 10 mmol) @ CH,CL, (1 L) B&EKRIC. 81(2.0 g, 2.1 mmol) O CH,CI, (50
mL) YA & 69 (0.50 g, 2.4 mmol) ® CH,Cl, (50 mL) ¥&¥E %, =R T 15 h 2 TRRFICHE
TL, ¥51C23hBHT 5, KIGEZETBEL. BREARKRZ KICHIT. CHCL, TH
HT 2, GHEZ brine THH L. EBARE IR U L TR, BRI S. REZ
SYRFNZ O TS5 T 4 (CHCL, / acetone =5 : 1, Rf =0.60) THAFH L, CHCIL,
PrOH M5 EEEHET H T EICED. 67(0.79 g, 35%) #1F7/=.  colorless prisms; mp
284~285 °C; [a],>° (¢ 0.38, CHCL,) -156.3; 'H-NMR (CDCl,, 400 MHz) major conformer; 3
3.63 (dd, 1H, J = 14.7, 12.1 Hz), 3.70 (dd, 3H, J= 14.7, 12.1Hz), 4.07 (dd, 1H, J=14.5, 4.4
Hz), 479 (dd, 1H, J = 14.5, 12.6 Hz), 5.01 (dd, 1H, J = 12.1, 6.6 Hz), 5.10-5.15 (m, 2H),
525 (dd, 1H, J= 12.5, 4.4 Hz), 5.45 (dd, 2H, J = 12.1, 5.5 Hz), 6.12 (dd, 1H, J=12.1, 5.5
Hz), 6.36 (d, 2H, J = 7.7 Hz), 6.43 (d, 1H, J = 8.1 Hz), 6.47 (d, 2H, J = 7.0 Hz), 6.57-6.67

(m, 2H), 6.84-6.91 (m, 8H), 7.01-7.09 (m, 10H), 7.14 (dd, 2H, J = 7.7, 0.8 Hz), 7.21-7.23
(m, 3H), 7.31-7.37 (m, 4H), 7.47 (t, 2H, J="7.7 Hz), 7.62 (t, 2H, J=7.7 Hz), 7.65 (dd, 2H, J
=77, 0.8 Hz), 7.72 (d, 2H, J = 7.0 Hz), minor conformer; § 2.36-2.41 (dd), 2.75-2.82 (dd),
3.23-3.44 (m), 3.54-3.58 (m), 3.90-3.96 (dd), 4.11-4.14 (m), 4.30-4.36 (dd), 5.30-5.40 (m),
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5.76-5.81 (dd), 5.91-5.97 (dd), 6.05-6.08 (m), 6.17-6.19 (m), 7.80-8.32 (m); "’C-NMR
(CDCl,, 100 MHz) § 45.90 (t), 45.95 (t), 46.1 (1), 50.7 (1), 59.2 (d), 59.4 (d), 59.8 (d), 59.9
(d), 123.1 (d), 123.3 (d), 125.4 (d), 125.5 (d), 125.6 (d), 125.8 (d), 126.1 (d), 127.46 (d),
127.54 (d), 128.0 (d), 128.4 (d), 128.6 (d), 128.7 (d), 128.8 (d), 129.1 (d), 134.6 (d), 135.4
(d), 137:9 (d), 139.6 (s), 140.6 (s), 141.2 (5), 141.3 (s), 150.5 (s), 151.7 (s), 153.0 (s), 153.3
(s), 168.2 (s), 168.8 (s), 169.3 (s), 169.8 (s); IR (KBr) v 1640, 1405, 1150, 1055, 1020, 700
em’'; FABMS (m/z) 1108 (M'+H), 369, 147, 137; Anal. caled. for C,,H,,N,O,*H,0: C, 72.43;
H, 5.37; N, 11.02. found: C, 72.36; H, 5.73; N, 10.94; Crystal data: C,,H,;,N,O,, FW =
1108.27, trigonal, space group R with a= 23.692(3) A, ¢ = 10.855(3) A, 1= 120 °, V = 5276.38
A®, Z=3, D =1.203 geem”, the structure was refined to R = 0.086, R, = 0.099.

(I10R,21R,32R,43R,45R,48R,51R,54R)-10,21,32,43,45,48,51,54-Octa-
phenyl-2,8,13,19,24,30,35,41-0ctaoxo-1,9,12,20,23,31,34,42,47,50,53,56-

9,12 20,23 431,34 43,7 14,18 425,29
2752717 1 17 Thexapentacota-3,5,

dodecaazanonacyclo[40.2.2.2
7(56),14,16,18(53),25,27,29(50),36,38,40(47)-dodecaene (68)

Cs,CO, (1.3 g, 3.9 mmol) ® CH,CL, (150 mL) #&#&1Z. 82 (1.1 g, 0.78 mmol) ® CH,CI,
(100 mL) YA & 69 (0.19 g, 0.94 mmol) O CH,CL, (100 mL) &% %, IR T 7h 2T TIH
BRICTE R L., 51 230875, KIDRZEBEREL., BREKZKIZHIT.
CH,ClL, THI T %, HHMES brine TH®E L. TAKREES /10U L TELREE, BET
%, BEE YRS IO KT ST 4 (AcOEL, Rf = 0.50) THAFHRL L. AcOEt 2° 5 B
BT AHZEICED. 68024 g, 21%) /=,  colorless prisms; mp >300 °C; [0l (c
1.0, CHCl,) -256.8; '"H-NMR (CDCl,, 400 MHz) 8 3.30 (dd, 4H, J = 15.0, 12.1 Hz), 3.68 (dd,
4H, J=14.3, 12.1 Hz), 4.09 (dd, 4H, J = 15.0, 6.9 Hz), 4.90 (dd, 4H, J= 14.3, 5.1 Hz), 5.37
(dd, 4H, J = 12.1, 6.9 Hz), 5.68 (dd, 4H, J = 12.1, 5.1 Hz), 6.66 (dd, 8H, J = 6.6, 2.9 Hz),
6.94 (brtt, 4H, J=6.8 Hz), 7.00-7.01 (m, 12H), 7.04-7.10 (m, 16H), 7.15 (dd, 4H, J=6.2, 2.5
Hz), 7.56-7.60 (m, 8H); '*C-NMR (CDCL,, 50MHz ) & 45.6 (t), 48.5 (1), 56.4 (d), 60.4 (d),
124.2 (d), 124.4 (d), 125.1 (d), 126.0 (d), 127.8 (d), 128.3 (d), 128.8 (d), 129.3 (d), 137.6 (d),
138.5 (s), 140.2 (s), 152.2 (s), 153.1 (s), 168.5 (s), 168.8 (s); IR (KBr) v 3035, 1725, 1640,
1400, 1140, 700 cm’; FABMS (m/z) 1477 (M'+H), 369, 147; Anal. calcd. for
Cy,H,N,,0,°2H,0: C, 73.00; H, 5.32; N, 11.10. found: C, 72.68; H, 5.19; N, 10.98.
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555 BH 1 HiEE 2 THICBE T 5 ER

(1I0R,21R,23R,26R)-10,21,23,26-Tetraphenyl-1,9,12,20,25,28-hexaaza-
pentacyclo[18.2.2.2>"%. 1*". 1'"*|octacosa-3,5,7(28),14,16,18(25)-hexaene (57)

AICL (14 mg, 0.11 mmol) ® THF (1.5 mL) ‘&¥#&#&IZ-78 °C T LiAlH, (13 mg, 0.34 mmol)
EIZ. 0C ETHRAICHEEBLAENS 1hBEBIT S, NT CETHBELERIYE
7%, 62 (20 mg, 27 umol) Z M 50 min BF T 5. FINKRZERE K TUE L /-8,
10% NaOH KESWRICH V. EBL,0 THitE T %, AHEE % brine TYEH L. HAKHEEET MU
L TERBIEN T 5, BRiEZES BT Y 51471 TLC (AcOEt/ hexane = 1: 3, Rf = 0.35)
& DERIL T, 57 (12 mg, 63%) Z287=,  amorphous; mp 96~98 °C; [a],"-32.7 (c 0.1,
CHCL); 'H-NMR (CDCl,, 200 MHz); § 3.09 (dd, 4H), 3.16 (brt, 4H), 3.54 (d, 4H, J = 13.6
Hz), 3.92 (d, 4H, J = 13.6 Hz), 4.01 (brt, 4H), 6.74 (d, 4H, J =7.3 Hz), 7.27-7.43 (m, 14H),
7.73 (d, 4H, J = 7.0 Hz); "C-NMR (CDCl,, 50 MHz); § 55.3 (1), 59.0 (t), 61.7 (d), 125.3 (d),
123.0 (d), 127.5 (d), 128.4 (s), 128.2 (d), 128.4 (d), 130.1 (d), 135.9 (d), 141.5 (s), 159.0 (s);
IR (KBr) v 2830, 1575, 1450, 1155, 1120, 760, 700 cm™; MS (m/z) 682 (M"), 605, 549, 448,
341, 235, 211, 133, 117, 107, 91, 77; HRMS calcd. for C,H, N, 682.3788 (M"), found
682.3711; Anal. calcd. for C,JH,N,*1/2H,0: C, 79.85; H, 6.85; N, 12.15. found: C, 80.16; H,
6.79; N, 11.84.

(I0R,21R,23R,26R)-10,21,23,26-Tetraphenyl-1,9,12,20-tetraazapentacyclo
[18.2.2.2>"2 1*7. 1"*"®loctacosa-3,5,7(28),14,16,18(25)-hexaene (58)

AICI, (0.53 g, 4.0 mmol) ® THF (25 mL) 8K -78 °C T LiAlH, (0.46 g, 12 mmol) % fill
Z. OC ETHRRICHFBLEBNS 1 h BT 5, HENT65°CETHIALER S B2,
63(0.74 g, 1.0 mmol) Z X 1hBIKT 5. RKIGRZERBERS KTUEL 2., 10%
NaOH 7KISWRIC HVF. Et,0 THINT 5. HHEE % brine THHFL . EKHEEET MU DA
THRGERET S, BEZU NS 0Y M5 74 (B,O/ hexane = 1: 10, Rf = 0.7)
WX DHAER L 2812, CH,CL, EtOH DIRSHFE N S BfEME T 5 2 £ITkD 58(0.60 g,
88%) 1% 7=,  colorless prisms; mp 159~160 °C; [a],”’ -32.0 (c 0.8, CHCL); 'H-NMR
(CDCL,, 200 MHz); & 2.85-3.10 (br, 8H), 3.46 (d, 4H, J = 14.3Hz), 3.85-3.95 (m, 8H), 6.94
(d, 4H, J = 7.7 Hz), 7.18-7.47 (m, 16H), 7.68-7.83 (br, 8H); '*C-NMR (CDCl,, 50 MHz); §
54.7, 57.3, 60.6, 60.7, 127.5, 127.6, 128.5, 129.0, 129.7, 140.4, 140.5; IR (KBr) v 3030,
2820, 1600, 1490, 1455, 700 cm; Anal. calcd. for C,H,N,*CH,Cl,: C, 76.85; H, 6.58; N,
7.32. found: C, 76.58; H, 6.65; N, 7.24.
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(8R,17R,19R,21R)-8,17,19,21-Tetraphenyl-1,7,10,16-tetraazatricyclo[14.2.2.
2"'%]docosane (59)

64 (1.2 g, 1.7 mmol) & NaBH, (2.0 g, 52 mmol) ® THF (25 mL) % # IZ BF,*Et,0 (8.5
mL, 68 mmol) Z 0°C T 20min T T F L7z, 16h BRT 5. HBITHAL 2.
K (2mL) ZINZ BT S, BEZ 15% HCl (40 mL) THEME S B, BHE 30 min BiKT 5.
KIS % 10% NaOH /KIBWRICH V. AcOEt THi 9%, FHEE % brine THREF L. EK
WEEF NI ATEHEBRBHET 2. BEZIUNTINV IO NI T 7 4 (BL,O/ hexane =
1: 10, Rf=0.35) I X DB L 721812, CH,CL, EtOH DEBEEN S HER TS Z &I
XD 59(0.69 g, 65%) #47=, colorless prisms; mp 190~190.5 °C; [a],”° -48.4 (c 1.0,
CHCL,); 'H-NMR (CDCl,, 200 MHz); § 1.36-1.79 (m, 12H), 2.30-2.48 (m, 4H), 2.63-2.81 (m,
4H), 2.88 (dd, 4H, J = 11.4, 6.2 Hz), 3.26 (brd, 4H, J = 9.2 Hz), 4.21 (dd, 4H, J = 4.7, 4.2
Hz), 7.27-7.43 (m, 12H), 7.75 (d, 8H, J=7.3Hz); '*C-NMR (CDCl,, 5S0MHz); § 24.0 (1), 27.6

(t), 52.4 (1), 54.1 (), 62.0 (d), 127.1 (d), 128.0 (5), 129.6 (d), 140.9 (s); IR (KBr) v 3020,
2920, 2830, 1450, 1150, 760, 700, 610 cm™; MS (m/z) 612 M"), 520, 508, 305, 132, 118, 91,
84, 69, 55, 41; Anal. caled. for C,,H,,N,: C, 82.31; H, 8.55; N, 9.14. found: C, 82.29; H, 8.37,
N, 9.07; Crystal data: C,,H,,N,, FW = 612.91, orthorhombic, space group P2,2,2, with a =
19.028(3) A, b = 18.943(3) A, ¢ = 10.026(2) A,V = 3613.8 A’, Z=4, D, = 1.126 gecm®, the
structure was refined to R = 0.074, R, = 0.082.

(8R,17R,19R,21R)-8,17,19,21-Tetraphenyl-1,7,10,16-tetraaza-4,13-dioxatricy
clo[14.2.2. 2"'"|docosane (60)

65 (0.40 g, 0.60 mmol) & NaBH, (0.67 g, 18 mmol) ® THF (30 mL) ¥ ¥&¥#& IC BF,*Et,0
(2.9 mL, 24 mmol) % 0 °C T 5min M TH T L7z, 25h BRI 5. BiRITHAL Tz
%, /K (05mL) ZMZEMHET S, BEZ 15%HC (8 mL) THEMIE ., BE 30 min B
T3, RInE%E 10% NaOH /KIERIC H VT, AcOEt THIH T %, AHEE % brine THRH L.
KBS N AT RBERT 2, REZUASINV 2O 574 EL,O/
hexane = 1: 5, Rf = 0.3) 12 L D MR L. toluene 15 D HEAEFLICE D 60(0.36 g, 98%) &
#87-,  colress prisms; mp 116-117 °C; [a],”’ -77.1 (c 1.0, CHCL,); 'H-NMR (CDCl,, 200
MHz); § 2.39 -2.58 (m, 4H), 2.78 -3.04 (m, 8H), 3.48 (t, 10H, J = 4.5 Hz), 4.32 (brs, 4H),
7.27-7.45 (m, 12H), 7.75 (d, 8H, J = 6.6Hz); IR (KBr) v 2940-2805, 1490, 1450, 1350, 1320,
1120, 760, 705 cm’’; MS (m/z) 616 (MY, 512, 308, 235, 208, 132, 118, 104, 91, 77, 56,
HRMS caled. for C,H,N, 6163780 M"), found 616.3763; Anal. calcd. for
C,H,:N,0,°1/2H,0: C, 76.77; H, 7.89; N, 8.95. found: C, 76.50; H, 7.80; N, 8.73.
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(10R,19R,21R,23R)-10,19,21,23-Tetraphenyl-1,9,12,18,25-pentaazatetracyclo
[16.2.2.2>". 1>"|pentacosa-3,5,7(25)-triene (661)

AlCl, (0.37 g, 2.8 mmol) ® THF (20 mL) ##¥# #&1Z—78 °C T LiAlH, (0.32 g, 8.4 mmol) %
Mz, 0C ETHRLZICFRLURDNS 1h B TS, HINTESCEXTHIRLERS B
#. 66(0.49 g, 0.70 mmol) Z M Z 30 min BT 5. KINKZERR K TUHE L /=18,
10% NaOH /KIS HRIC H V). AcOEt THIH 9%, HHEE % brine TEHIEL . EAKFEET b
U N THERRBNRT 5, REZUANT N0 NI T 7 4 (Bt,0/ hexane = 1: 3, Rf =
05) IZLDEBEHEL T, 61(0.24 g, 54%) #1%7=,  amorphous; mp 91~92 °C; [a],**-90.2 (c
0.78, CHCL,); 'H-NMR (CDCl,, 200 MHz); § 1.33 (m, 2H), 1.63 (m, 4H), 2.25 (m, 2H), 2.49
(m, 2H), 2.70 (t, 2H, J= 11.0 Hz), 3.37 (d, 2H, J = 12.1 Hz), 3.69 (m, 4H), 3.95 (brs, 2H),
4.06 (d, 2H, J = 6.0 Hz), 4.24 (dd, 2H, J=3.6, 10.0 Hz), 6.73 (d, 2H, J= 7.6 Hz), 7.28-7.46
(m, 13H), 7.62 (d, 4H, J = 7.0 Hz), 7.93 (d, 4H, J =7.0 Hz); IR (KBr) v 3060, 3030, 2920,
2820, 1585, 1575, 1490, 1450, 1045, 760, 700 cm'; Anal. calcd. for C,,H, N,: C, 81.57; H,
7.62; N, 10.81. found: C, 81.12; H, 7.79; N, 10.32.

555 B 3HICHT 5 ER

SEAAOBREHMBICET IRER

1.0x10° MICHFASI L= A b 57,59, 60 D CHCL, ¥A¥R (SmL) &, 1.0x10° MICFHEL
7~ 4 /8D 2,6-dinitrophenol ¥ D/KIEHE (S mL) ZRBREBEICANFR L /218, BET48hiE
B35, AHEEERE 2oL H#EBL, BBT %, TNEEEICHFRL T 265mm O
UVIRIRARY MVEBIET S, 3> b=l ELTHRARNDA S TWiE WEHERE TH
HROMHERZT DD ERAWE, £, TOIXRTORA MIFNBEMAKIZ 265 nm
DWIRARY MVDRN T EERRL TS,

B EBIEIC LS 'H-NMR BERER

A B 57~61 D CDCL, A (3.0x10° M) 12, &BOEERBED 2 WLEHKET >
EZW LD CDCL IR (3.0x10° M) 25BN X, B8T %, HiB%. 'HNMR ZHE L,
RAMHRDARY MV BEICAFTOb>OE—D) Z2EET 5,
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57 DIREEHDIERIL

[57°Ag]"*ClO,

57 (68 mg, 0.10 mmol) ® CH,Cl, (3 mL) ¥A# & silver perchlorate, monohydrate (99.999%
grade; 26 mg, 0.13 mmol) @ toluene (2 mL) Bz ZB TRIEBRT S, BEELR S
THEZZE L, BEZ CHCL, QmL) IZEMNT . ik BEREZBREEERL. Bl
% CH,ClL, 75 B#EeT 5 Z & TEROSEERZM . colorless prisms; mp 258~258.5 C
(decomp.); 'H-NMR (CDCl,, 200 MHz); § 3.32 (br, 4H), 3.54 (br, 4H), 3.66 (d, 4H, J= 14:6
Hz), 4.06 (d, 4H, J = 14.6 Hz), 4.50 (br, 4H), 6.90 (d, 4H, J=7.7 Hz), 7.19 (t, 1H, J= 7.7
Hz), 7.32-7.49 (m, 12H), 7.59 (t, 1H, J=17.7 Hz), 7.75 (d, 8H, J = 6.3 Hz); IR (KBr) v 3060,
2890, 2850, 1585, 1575, 1490, 1455, 1120, 1040, 705, 620 cm'; Anal. calcd. for
C,H, N *AgCIO,*CH,Cl,*H,0: C, 56.84; H, 5.07; N, 8.46. found: C, 56.86; H, 4.97; N, 8.49;

Crystal data: AgC,,H,,CLLN,O,, FW = 975.11, orthorhombic, space group P2,2,2, with a =
18.608(14) A, b=19.456(12) A, c=12.438(23) A,V =4503.0 A’, Z=4, D, = 1.438 gecm”, the
structure was refined to R = 0.099, R = 0.093.
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2

COBRLEERCHIY, AFRICE LERIREL 2T LRz BbY T L
7o B AR AL e B ELEAACR(E#HOELHODLLET, BLEE
XEICEREEORBICH L TEBS LWRY V=% TB), FRICHILTHRE
fbZoMiEsr TEIZWEZET L, RidkEoBo L b [FRWETD.LE D o
7EgE | BT LV IALBEEINLL DLEITTVELVERoTBY T, T/
19964E 0 5 19974E 2T TD 1 EERD T A ) A ERE S ¥ FRAMUKFENDERFEZII L
HELT, HEREELVAVALRBREG I T EE oL ETRERHLTVET,
MABETREP OBHE R VAW Z LT, CORAIEEFEEZLHODELZVIEIETHY,
O E D #HFLR L ETE S,

IR L R eI B v EEE BT L TE, EROEROMIEEL I
b EEH N LET, Hp%kAE T 4 RETHAZERE SN2EH» ) ORI, ]Y)
TR 5 EBROMIGEZ T TR, AREZFOER L EH> O 2O/ (BRI
X% Lizo RAEOBEYREIEEL LTHEOMPZWER ) BEEHLTBY £5,

LR SRR BN E LT, BAEREEPE RO T
ZEPVEIE LESITE Lz, BICARILFEOREWMDOT A 77 2 BRFLD)ETE &
DF4AA v a O bIEIEETHY, RIS o THFECIWEROKRE L
BHMNHY F L7z, LASEHL, BB LETEI,

Kansas State University, Department of Chemistry, Professor Dr. Duy H. Hua (2891 E L
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