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72 B K ORRY - AHIEEEICE ENAMETH D, 25 DTTHaTFNICEED
7 I HERFORY 7 I VBIR, F U HGEBEOIELE IZ L ® T2 SR ARG L
Twalkd, Ay —7y P L CTHEHZEDTEL !, XY 7 I VEHOROEBO 7 2 7 K% AR
HRAIAT 2 2 L CE R, SRRSO G HPE ORE LRI 72 Ak O T 12 ER T
E570, ZORADPEENTVS, L2LADYS, 7 /7HEEVKIGEZALTw 70, Zh
5 DALE K OSSR 72 B AR LIE OB (3R & ST E 7, B2, 13-4 — Vo 7l
I X BAFIERFMESOE CIRIERIE - JEER 2 & 0 T 2N E TIZ 1000 28 2 2 MEBIEFET % %
T RIET 2 1,3-27 2 VO 7 YU X B ARFIERFLEG TR IERERIE O IS HEEE T,
BEEZ GO THZOMEEIL T THICE EE->Tw3 5, DEoZ b, RY 7 3 VO
INA e ETRESE S B R IRICB W TR ERFEE LD TH 2 L EA 2,

WHFESE T IS BRFE L 72 2 T-ERa A 2 T R Y 4 — VB ORI 22 7 o VAL
DEAFEITEII L T> % *° (Scheme 1-1-A, B), fililitor I3 /KEREAZ R & Lo TFilikic X W B D
IKEEIEZ XA L. ARILEDE T 2 SOSEZ IR S € C7 2 UL TS ¢ 5,

CeHi70.C__H N__COCeH1r
*) DA G

HNTS 0 0 ~"MH
N
|M
6 OH (10 mol%) o) OH

(-PrC0O),0 (1.1 eq.) )]\
HO4 0 2,4,6-collidine (1.5 eq.) Pr Y04 0
HO OCgHy7 > HO OCgHy7
OH

3 20H CHCl,, -50 °C, 38 h

98% vyield
>99% regioselectivity

(B) CeHi70:C__R O\«H __COCaHyy
TN
o YO
(D »
N/

(20 mol%)
Ac,0 (1.03 eq.)
NHNs 2,4,6-collidine (1.7 eq.) NHNs NHNs
HO OH > AcO OH HO OAc
CHCIg, -60 °C, 24 h
Me Me Me
79% yield 90% yield
98% regioselectivity 99% regioselectivity
by catalyst by DMAP

Scheme 1-1. fiEHIfHIZ X 2 KV A — VEHDALELEIRN 72 7 > VARG



NS DIIGIZ BT, HEHAKD SOGEZ BEEE L 7 (& IR SOG S BE & 7 2 I RO P
fBE DS IEE D 5 —OKIRFE > NHNs JEFE DR EDHREEZ AT 2 Z LR EEZEZA T2, BIZAIXS
V3 — ZFHEARD 4 P75 HOKBESERIN 2 7 2 WAL IC B W T, D 7 2 FA LR =)L
FHD 6 PKERAEE . A~ F—)V NH 2% 3 f7KIRA: & KERG 2 PR L THEE OB Z FHE L, KIS
FOEGFIC B L 72 4 RLKIRHE 2 MR 7 2 AT 2 TESEIRBIAMEIB ST 5 (Figure 1-1),

jocan

CsH170 \bl'(') o OR

0 ipr _

Figure 1-1. 7V 2 — ZFFEEARD 4 (7 KBILEIRK 7 > W AGICEB 1 2 e ERIRE

IS DBNREI NG X 912, YHFRE TR 5 AR T 2 iR & FE oM A EH % F
P U 7257 1RG0 % FH > C L BEFE O il © IR R B 72 RN 72 OB 2 0% (L T & 2, L
LD, TNETEHGL CELAEEA) A —VEICREINTE X,

CDEI)BERDOL &, FHEIARDTRBEEEFY 7 I VEALINRT 2 2 LT, RIER
RV T VRS v F ARIR 7 > ALEOME 2 HIE L, DUT 3 D OfFZEEE I
AT,

(1) #R Ln-P ALK 7 2 FOBERINE 72Ul
(2) (£)-2,2-EH-1,1-EF 7 F1-8.8°-F 7 I v OBMIEHAGE D EN BV B R T
() B# o- R N Y 7 3 v FHEAR DR ALA IR L



B R I ALK YT I FOERNE ) 72 1tk
B LD & EE OWgE T §

BRE 7S/ 7 NMMUIBHMA ERIEZATH 2 b DDONELHETH D, Z DHEKITRX
D2DRKRANTES, 127 I vEoYEICHERLTEY., XY EEEDE 2 72 ibiko )y
DRI BRI ICEN S oD DT AL L TERT 2, b9 1 DRBERILAE O
FrtElcok L. 7 S v o BEMEHSR 22 2 EREH SOV AEEZFHTERL R D0,
ZORIHPHEL 22720 THL, 2DDE /) TINMMUEER S LoIciE, KIGANT L TR
Floyy I vEEZHOUERTRIGZIT) 2 EBHEETHo L ZOMERZRRT 27201
k. B 7Y MUD IR ky &2 7 2 WAL D KOBEE & \CHIE R 2 (h>>k) 2O 2 06H23H
% (Scheme 2-1),

O o} O

R')LN+CH2)H—NHR R‘)LN+CH2);NJLR
R R R

RHN—(CHZ-)n—NHR

monoacylate diacylate

Scheme 2-1. $Ik 1,0- 7 2 v D 7 L1k

JEATHZE Tl n-BuLi (Scheme 2-2-A)" & X 9-BBN (Scheme 2-2-B)" Z {22 2 & T, £/ 7
S IALD S EE Ky % AR IE S 2 8RB 12 X D GEIRNZR € 2 7 o VLRGBS S h T
2, L2 LAadds, EREIRINCMIEN 2 2 7 S VEHOBERINE 2 7 3 Wb 5k £ 72 @Sl &
TR,

(A)
1) n-BuLi (2 eq.)

THF
MeHN%CHZ%NHMe —_— MeN%CH2>—NHMe + MeN—éCHZ%NMe
n 2) BzClI
monoacylate diacylate
n=2 n=2 80% 56 : 1
n=3 n=3 83% >100 : 1

(B)
1) 9-BBN (1 eq.)

THF
HZN{»CH2>—NH2 —_— HN{»CH2>—NH2 + HN‘QCHZ%I}IH
n 2) BzCl Bz n Bz n Bz

monoacylate diacylate
n=2 n=2 87% 6.1 1
n=3 n=3 80% 5.0 1
n=4 n=4 88% 9.3 1
n=5 n=5 95% 12.2 1
n=6 n=6 91% 9.7 1

Scheme 2-2. ¥ 7 3 Y DIEIRINE /) 7 ¥ ML DB

4



HZHOFTBIIREETIE, HFRBAUMBZ T 28RS A—LDE ) 7ML ERL T3
(Scheme 2-3)%, ARFGIFLE Y A — VD)7 DKIEIEZ KB AMGHE L LA, il & oA
FIFBALIC > 2 MG 2SR T b L RIS X D € 7 7 2 UG D A 2 3B IR N#E § %, 24
WIRE SN TOREERSITIE, MED 7 I P A LR VS IE S 4 — )L — ) D/KERIE & kHE
WEZBH L., b9 OKBIEDPITEETMICBRE T 2 2 & C, #EIRMcm#EmE 2 72 vt %
FBT 3 LEZ SN TER (Figure 2-1-A), ML, VHEKZEOILRIFAE & o LFAMRIC X D GHELL
SFHITE 2 O 7 ROSERIRE DI A S Nz, Z DFEHE., M2 E T 248504 > F—L NH
DEBER ANV E XS 7 — b EEENBRKERGER Y P 7 =02 BRT 22 LT, €/ 7 IULKIG
Z3ERITIE L T3 2 AR I 7z (Figure 2-1-B)®,

cBHﬂozc\/HYU' N_COsCeHy7
i N~
o}
=z

HNS o} Z NH
0
N

1a (5 mol%) 0 % %
| ; NN + AN
‘\'19 (-PrC0),0(1 1 eq.) YLO OH %o o)H/
- i 2,4,6-collidine (1.5 eq.) )

H-bond reactive o monoacylate diacylate

donor site CHClg, 0.07 M, -60 °C 995, oy

Scheme 2-3. 8RS A — LV DILEEIRE /2 7> AL

A 0] B
( ) )\,"' —"NH ( ) MeOZCﬁ _____ )
CgHi707Y HN o H

AN HO NV \oH I e
o NQN ;< ‘H
*N:’\ — :N—¢<L ﬁ: H k
B — 0 (6) NH NH_:_\_‘OJO
/~=o A\ { =
HN 3 MeO,C
CgH170
(0]

Figure 2-1. 80k A — VD€ ) 7 MLIZB T 2 HEEELIRE

EHIF T ORI X 2 ARE S LT, o FREREE IS X 2 80k 7 S U EREAEOEIRINE /
T WLICELD s 2 & & L7 (Figure 2-2), AN Z W GEIRINE 2 72 Wbz FEBT 57201213,
FE O RDIREREEGTOLE L CORERET 208035 5, F7-, /KEBEL & i L CTIRfiiE 7 = 2 KLl
EOREMEZ oo, MR DNy 7 25y v FRIGOMET S B&a S e, 220, EEMHE
HELTAVAY TS FZ2M5 &, KtEzIH$ 2 2 gz, BEEOE - NH 7a b v 2K
FEhOMt G LCHHTE 220, LilERAZ ISR T 2 2 ks EE 27, Bl
EERBEF AT, PPV S RN 2a BIEICEE LB 2T 7,

Tel > Tso AN T
TN ° caalyst Ty N
> M N

|
) ) - - selective monoacylation COR
reactive reactive H-bond reactive
site site donor 2a site monoacylate 3

Figure 2-2. Design of Substrates for Organocatalytic Chemoselective Monoacylation of Diamine Derivatives.
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B SRS Dol

FTIEHEZ NN-F R L-1,5-Ry ¥ P 7 2 2a IZEE L O RBGET %2175 72 (Table 2-1.),
CHCLVAHEH . 10 mol% ODfiltit, PEMP ILAFIE T, —60°C THI/KFENE & St S & 70, MABSEIETIE
BOGIEETE S, BRI KD o 72, 7o bl L L CTNH S35 DMAP % fillitic v 72354
i, € 7R 3a 23 39%, ¥ 7 Ui 4a 23 29% L IEEIRNZRIEAY & 5 2 o, RIZ, 4%
S CRAFE L 72 PPY Ml 1a-f 2 VTR 21T o 3. € 7 72 Lk 3a OFIRMWEN A L, 2
DFTH IBISES)-B-F 7 F VT 7 =V EEEREGT B 1c ZHVEZEICE 7YoLk 3a %
80% MR EMBOMGRE LG 27, F, MIBIC* 7V T 4 — 2R R OAEE 1f Z V72 8ETH RIF
5E ) 7 IGEREDORBBBI S 117 2 L2 6, PPY fillio@gtkchrER ) P VB2, 5107
D7 I FANKRINVEDRFISGRINEFRBUCBIS T2 2 L3RR S sz, DLEORR XD 1c % il 22 fil
B LCHEEL, 5745 BB %2177,

Table 2-1. filt Bt st

catalyst (10 mol%)

Ac,0 (1.03 eq.) >(j<
LENN NN | 7eq)  Ts A SN ~ -
s N H s PEMP (1.7 eq.) ENY N Ts NI T NN, Ts N

_—
2a CHCls, -60 °C, Ac 3 A Ac 4  Ac |
0.05M, 48 h monoacylate diacylate PEMP
N,
none N DMAP
mono/di = 0/0 i X, mono/di = 39/29
O, O, —
(% /%) N
CgH{70.C.s N S COZCgH17 C8H17OZC S N S S H S COZCgH17 CSH17OZC S N S S COZCSH17
HNTS 7 NH o N I} \©
fﬁ fﬁ Neld h
mono/d| 53/12 mono/d| 80/7 mono/d| 42/5
CaH17020 s R CO,CgH17 CsH17020 }/ S%H R,CO.CeHy7 H1306’N SDWN Cethrs
HNS ZNH o} 0 O
8 fj O (¢ S Nel
N® N
1d 1f
mono/d| 37/10 mono/di = 46/3 mono/di = 72/12



o\ THRAL - VA - SOBIRIEE OMET 21T > 72 (Table 2-2.), #itk% PEMP 20 5 3EHENED 59\ collidine
NELFET B LRI ETE T EREIIC K D o 72 (Entries 1 vs 2), i-Pr,NEt, EtN ZHDHE =7 3 v
TEZHOCIGEITEE /) T MR 3a BRI E L TR DD, Z DFERMEIEL PEMP 2 H]
WG % TR 50 E 22 o 7 (Entries 3-5), £ 72, i-PrNt-Bu @ X 9 2RI & @R vz

GO DHETTHNE < . PERAME T L % (Entry 6), KITIEEE% toluene, DMF, THF ~ & 2588 L 7223,
WTNOHE S FOBENKRE AT L, FURHEIIC#44 > 72 (Entries 7-9). % 1< KOG OB % 17
o7& A, FUBRED EFRITHEVE ) 7 2 MALOBERIEDME T 3 2 B 2 IR R B S 17z
(Entries 1, 10 and 11), DR LD . K7 S NWMLKIGDEBIRFEEZ Y P E—THOFLERIKE |
JEIZRRIP L - 7 B REEZ R T 2 2 L3RRI N,

Table 2-2. HiFE, AR O SOG R D Hodf

catalyst1c (10 mol%)  TsHN™ """"NTsAc CgH170,C N 00208H17
Ac,0 (1.03 eq.) 3a :
PN Base (1.7 eq.) ’j O
TsHN NHTs —_— Q
2a RV AcTsN/\/\/\NTsAc
catalyst 1c
yield (%)
Entry Base Solvent Temp. (°C) 3a 4a S.M. recovery
1. PEMP CHCl3 -60 80 7 9
2. collidine CHCl, -60 0 0 100
3. EtsN CHCl; -60 72 10 11
4. i-ProNEt CHCl3 -60 79 8 9
5. i-Pr(Me)Nt-Bu CHCl, -60 80 9 10
6. i-ProNt-Bu CHClj -60 25 0 69
7. PEMP toluene -60 0 0 99
8. PEMP DMF -60 8 2 90
9. PEMP THF -60 3 0 96
10. PEMP CHCl; -30 74 9 14
11. PEMP CHClj r.t. 65 13 19




B B R OB

BERBORBHOEL 2P P2 LT 2 F 2af IS L CAKIGZ @A L. RGO ILE W% %%
L 7z (Table 2-3, Figure 2-1), DMAP fillit % Fl\7- 856 Clk, FE O EEMEH n=2-7) Kb ST,
JERINICY 7o btk & 7 7o bk %# 5 2 7 (Bntries 1-6), 23T R AT I N2 L€/ T
R 3 DFRLL 72 ROBHEZ KL T2 b D EFEZ o, RVE ) T AUEEREICE E o7
(3/4=0.8~3.0), —/HTlec ZHVGATRAEEAKRONMEZER L, EXFMEMHc ko T/ T
WAL Z B L T 5 2 7 (Entries 7-12), FHICHRFEHD n=3-5 DFLE I L THEVE / 7 2 VA LEGER
MEFFELTED 3/M4=11~44), KEHEHn=2,6,7 DEATIHBEREPPREIET T2 L2656 (3/4
= 4.1~8.6), eHEH n = 3~5 OEREILRIBEEEASMMEE & DM FLMERICHE L 22 B REIERIBERECH 5 L S h
720
Table 2-3. HE—f&MEDRES

DMAP or catalyst1c  TsN—CHp}—NHTs
n

(10 mol%) Ac anozC N (_RN\,C()zCan
Ac,0 (1.03 eq.)
PEMP (1.7 6q.) monoacylate 3
TSHN—CH -NHTs —————————> + Q
n

CHCl; (0.05 M)

substrate 2 -60C, 48 h TsN CH NTs
-(- 2)_ catalyst 1c
Ac Ac
diacylate 4
yield (%)
Entry Substrate n Catalyst 3 4 S.M. recovery 3/4
12 2b 2 DMAP 29 (3b) 35 (4b) 36 0.8
2. 2c 3 DMAP 54 (3c) 20 (4c) 20 27
3P 2d 4 DMAP 47 (3d) 24 (4d) 26 0.9
4. 2a 5 DMAP 39 (3a) 29 (4a) 32 1.3
5° 2e 6 DMAP 57 (3e) 19 (4e) 22 3.0
6P 2f 7 DMAP 41 (3) 19 (4f) 32 22
72 2b 2 1c 70 (3b) 17 (4b) 1 4.1
8. 2c 3 1c 94 (3c) 3 (4¢c) 1 31
9P 2d 4 1c 87 (3d) 2 (4d) 8 44
10. 2a 5 1c 80 (3a) 7 (4a) 10 1
1.° 2e 6 1c 62 (3e) 8 (4e) 24 7.8
12° 2f 7 1c 60 (3f) 7 (4f) 30 8.6
aRun at the substrate concentration of 0.03 M in CHCl5 : THF = 9:1
bRun at the substrate concentration of 0.025 M in CHCl3
¢Run at 20 °C
(A) DMAP (B) catalyst 1c
yield yield
100% 100%
80% 80% 1
60% 60%
Emonoacylate 3 Emonoacylate 3
40% 1 = diacylate 4 40% " diacylate 4
20% 20%
0% 0%
n=2 n=3 n=4 n=5 n=6 n=7 n=2 n=3 n=4 n=5 n=6 n=7

Figure 2-1. DMAP & filtiit 1c 12 X 2 € /7 72 ubik, &7 2 U bR IR



CRLL VNIV - AR 23

HIETCAR L 723@ ) | e 1 (3R EHE n = 3~5 DILE 2a, 2¢, 2d ICX L TRAICE W E /7 2 WALAIER
MWaERR L7, Th0BME 1c 3IWEY F2 L7 2 P2 OREHEZRI L., IEWE 2 7> bz i
TSR LEEASGND, 2 2T Dz BGEE LML 1c O 778N IC & > Tl bl L 72 R
HREZROEE 2 2o 570, HHFBIC X 25 %2175 72 (Table 2-4.), HARIIC 3R FEH
RO 2MEOY P2 L7 2 FIEEZ 0.5 Y83 DOEA L. CHCLIBHET T 1.7 25D PEMP & 10
mol% D MBAFLE T, —60°C T 0.51 M EDMKEER Z A TRIEZITo 7%, oz nZn Dk -
/) 7otk - T MMUIRO AR L, (eq D& h KIEHELE KD 7, £, EHOFO AN
D IJEEIZ DMAP Z2 TR L 72, Z OGS, Ml 1¢ 1355 2¢ (n = 3)ITR L TRAICE ORI 2
FE L, 2d (n=HICR LT 16 £%. 2a(n =512 L T 36 f5DKIGHEE % 7R L 7 (Entries 2 and 4), & 7z,
FREDZEMET2d & 2a % W L 755 TIEETIE D H 475D SO E Z R §HE R £ 72> 7% (Entry 6),
PlbhoZ & XD, i 10 (3IEE o % S MIERRE 2R3 ISR L TROBI#E 2 2 L TE D, Z DREH
Eoin =3 L2 oRdBMOERMEZ RS, 28, Zofrd DMAP Z HHW 5 TOEDL L &
Poleb DD, ZDFOLEEE I 2.2~5.0 £5F LK\ EIC & £ % 57 (Entries 1,3 and 5), ML EDFEHE X b fil
BlclZ 2 MDY P V7 S FOREH 1 DFORI ZRBEIGIL TR ) KEHEN 3 1TV
FLT S REMEIIC T LT 5 2 & ad o7k,

Table 2-4. BEFSEEIC X 2 M 1c o B RESL IR EERS I BE O R 1At

TsHN—{ CH, }—NHTs catalyst (10 mol%) TsN—éCHZ)—NHTs TsN+CH2)—NTs
m Ac,0 (0.51 eq.) Ac -1 Ac -2 Ac
m . . m- m-,
(05 eq) PEMP (1.7 eq.) .
v
TsHN—{ CH, }—NHTs CHCl3, -60°C, 48 TsN—éCHZ)—NHTs TsN—éCHZ)—NTs
n n Ac n-1 Ac n-2 Ac
(0.5 eq.)
monoacylate diacylate
Entry m, n Catalyst m/m-1/m-2/n/n-1/n-2 Kk | kp?
16 3,4 DMAP 29:50:10:70:16:3 5.0
2b 3,4 1c 11:88: 0:85:10:0 16
3¢ 3,5 DMAP 18:55:18:72:18:3 45
4¢ 3,5 1c 7:93:0:9:5:0 36
5b 4,5 DMAP 35:42:10:63:25:5 22
6P 4,5 1c 25:73: 0:71:23:0 47

2 Determined by equation 1. Conversion was calculated from the total amount of the recovery of the two disulfonamides.
b Run at the substrate concentration of 0.025 M based on the total amount of the sulfonamides.
¢Run at the substrate concentration of 0.05 M based on the total amount of the sulfonamides.

[ { (m-1 + m-2)-(n-1 + n-Z)} }
n [(1- conversion) 4 1 -

(m-1 + m-2)+(n-1 + n-2)

k, B [ { (m-1 + m-2)-(n-1 + n-z)} }
In [(1- conversion) { 1 +

(m-1 + m-2)+(n-1 + n-2)




BRI, RRIBDIKEREEIC K > TIENE 7 7o bz I L Tw 3 L) fE¥EGEGLE MRE T 2
T2 & — 77 DIKEFEATIAL %2 R\ 7 B 5a, 5b 2 T Z N ZF N 2c & DR EBREZ1T > 72 (Table 2-5.),
2¢ & 5a L DIRAYD DMAP il D 7 > AL TIZ, 2¢ 2319 f5# K 72 WAL % 52\ 72 (Entry 1), Z
UK L CHIBREYIO 1e il To 7> b, 2¢ % 142 538 72 W b% Z 1) 72, DMAP fililitic X
2 IRIGHE 2¢ & Sa DAKRDOMHNIISIBIED REE L RE T 2 & il 1c 13 2¢ O 7 > AL Z XY
FOBPEICH U TR 7 fEIs L 72 2 1/ 2, [FIBRIC 2¢ & 5b & DBiFEERTIZ, DMAP filtiic D 2¢/5b
DAL 6.4 12X LT 1e il TIE 63 TH o7, DT LI 1c 23 2¢/5b DAKD SOBTEIZ L
T2 DT IALZHK 10 IR L 72 2 L1275 %, BLEIZSAIAHGE L 72 TsNH DKRFERGEIC K 2 I#E
7 MEDIEERFUCFIE L 8\,

Table 2-5. KEFEAIT & 2 POSINTENE D S

TsHN">"NHTs catalyst (10 mol%) TsN”™>""NHTs
2c e
(0.5 eq.) (1.7eq) + TN NTs
CHCly, ~60 °C, 48 h Ac 4c Ac
TsHN" "R ToNT"R
5 Ac 6
(0.5 eq.
monoacylate diacylate
Entry R Catalyst 2c/3c/4c/5/6 kac ! ks®
1 H (5a) DMAP 25:55:13:82:12 19
2 H (5a) 1c 1:96:1:97:1 142
3 NMeTs (5b) DMAP 32:45:17:73:19 6.4
4 NMeTs (5b) 1c 2:93:1:94:2 63
(3¢c+4c)-6
In | (1- conversion) { 1 -

Km (3¢ +4c)+6

—_— 0 - (eq. 2)

K, (3¢ +4c)-6

In | (1- conversion) { 1 +
(3¢c+4c)+6

10



BIHE HEEEBIRE

MEINS FREBBIREZLITICRYT, D7 I FALRVIRZIEEOBIEEOE NH 71
Py EKREREAGEVRTZ LT, 9 —HDANLKY T I PG OICESE L. g7 7
UMEDHEFTF L TR D EHEE L 72, D7 S FANLRZ VD S KB £ COHEICEET 3

RIDY A7 I FPERLTT o ML232ZT 5720, M3 BRI Z A L T2 b

DEEZGND,

L j
N

SN =) N. N

— -] %
Z),o
0 J£0 ©

Figure 2-2. VRIS 11 5 EMIRAE



B (4)-2,2- LEW-L,D-EF 7 FLRR-TT I D
ML ERIYE R ENC B 5 R RAT

B BEDOWIRENRE & FHE DI TiEt

\

WL CRIFE S Nz (2)-2,27- iEHE-1,1°- ¥ F 7 F L -8,8-Y 7 I v DM RN LA ENICE L
T, ERLENTEEZ O CARFRINBERE O % 17572 °,

B RO R AT

PO EE T BRI & O . AMBEASIEE R IR 7 > bz i S 5 2 L 2R L7,

BEA FEEARBER OO O AERIEIC S 2 %

FH DKERG AR 2B L 7255546 2 A L TR 2179 2 & C, MR ET#l 2179 1 dH
7o D IKFRE O DIAEDA AN LA TH 5 2 E2WI6hIc L,

IR BRSNS A — Y RN & BRIRRE DB

FBONRED s D S BN T A= %2R T 52 LT, Mz FrF4~v—%52 2 E%IRE
DREZRITH T2,
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B R#{ o0 b Y 7 2 v EEER O = A A IR L

MWFFEE THFE S Nt ¥ A — N DERAAFIERFRMESOG 2 S S, R 7 2 VO R ALA
FIENFTACSIE~ &AL 72 1%

B RSSO Rl

BBE, g, IO R 7 ) —= v S etk o T,

B SLARERIEFEBLRPE D &%

€/ 7y UE Z e 7RISR G B ORI D & | EIRPEFEBLBRS 3 RSt O A K 7 2 vk
I X 2FEDRE W LRI 7,

HIUET 7P AU ADYEIHAE

il EIEREH D SOG 2 HIH g 5 720, T MALAIE LT 7 1 5 A F O] OV i & 2 55
2 LT, REFREERIETE, 7ok E 52 2582 L 2 ',

R Mo ETRE AL R A o i e

FH ORFIBALL & KOG £ TOEREFEM IR 2 28 L 72 WEH 2 6 L, MBEANR b K ISPk
A% TREIC 2 SEE o FREIE IR 2 W S 2T L 7z,

SN FE RO RS

FE ORI A R AL 2 28T L 7 E 2 AT L R, B o SRS PETNERICE S, |Bue
SRERMER R T EEZH ST L T,

LT SIAERMEFEDI A A = X L TSR

FBERE S S VB RG22 2L S € 5 T L TUEIRIEICEG 2 2 B R T,
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S5\H A7 AR CE O PRE

P A =NV DB IERNTMCSIE TR S N5 €/ 7 2 MUE DN AR EDSBERITH 5 Z &

5, ZOE/ TR ZERKIGDE ) 73 MUBOFER AN & LT 25 T & Tl AR RLIE 2 PRE

L7,

B HEEEMBIRE

FHEEORIRZ b Lo, ARIBICE T 2 HEEEBIREZ LI L 72, MEE2H § 2 > OFdikillH)s
ARSI & “ROKRFEREZIBET 2 2 & T, WELRAFTBMNBARE L 25 LE T,

14



i

HEH IR T 2% R S N TR 2 H v 2 R ) A — VI OEIRIN 72 7 o ALROR
DYEHREZ G L, BRI 2 H RSN CH > 72 R Y 7 S VA LIS T 5 2 L THEEAR DA
R 2 R T XU =20W%E 21T o7, Thbb, BIRS ALK 7 I FOERNE ) 7
MERIEDEIFE. ©F 7 FNP T I v OBEEGRIDEATENCE T 2 A A = X LT, XIS RY 7
VDB A B IENFRCSISOBAF ISR L 7. DT ISR DR % BT %,

(1) R 1n-P AN F V7 2 FOERWE , 721k

ful IR DA ELAE L 2 U U 7220 FaRilliliig 2 v 2 2 & CL SR AV R v 7 3 FOERINE
) 7 IMUBOBDBIFEIC Y U 7oy BRI 2~7 REFFTHREHOZ ALK 7 2 FIZ LT, 7
nb e/ 7 MUIEZ ERNGET S 5, BPFEBORMRI D M 2 oY ALV E Y7 S
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1. General Information

'HNMR were masuresd in CDCl; solution from TMS (0.00 ppm) using JEOL ECX-400 (400 MHz) or JEOL
ECA-600 (600 MHz) spectrophotometers, unless otherwise noted. *C NMR were measured in CDCl; solution
and referemced to CDCl; (77.0 ppm) using JEOL ECX-400 (100 MHz) or JEOL ECA-600 (600 MHz)
spectrophotometer, unless otherwise noted. Chemical shifts are reported in ppm. IR spectra were recorded on
JASCO FT/IR-4200 spectrometer. Mass spectra were obtained on JEOL JMS-700. Optical rotations were
determined on HORIBA SEPA-200. Analytical HPLC was run on Waters 1525 Binary HPLC pomp, equipped
with Waters Photodide Array Detector. Flash column chromatography was performed on Silica gel (SiliaFlash®™
F60 or 60N (KANTO)). Thin layer chromatography (TLC) was performed on precoated plate (0.25 mm, silica
gel Merck Kieselgel 60Fys) and compounds visualized with UV light followed by p-anisaldehyde stain or
ninhydrine stain. Preparative thin layer chromatography (PTLC) was peformed on precoated plate (0.5 mm,
silica gel Merck Kieselgel 60F,4s5) and compounds visualized with UV light. Anhydrous organic solvents
(toluene, CHCl;, THF, DMF and CH,Cl,) were ontained from commercial suppliers. Dry CHC]l;, toluene and

DMF were stored over activated molecular sieves.

2. Experimental Procedures

2.1 Chapter 1

General procedure for Table 2-1, 2-2, 2-3.

To a stirred solution of 2a (20.0 mg, 0.0487 mmol, 1.0 equiv.), catalyst (4.87 mmol, 10 mol%) and amine base
(0.0828 mmol, 1.7 eq.) in CHCI; (1.0 ml) was added Ac,O (4.7 pul, 0.0501 mmol, 1.03 eq.). The mixture was
stirred at room temperature or —60 °C for 48 h, quenched with MeOH (10 ml), and concentrated under reduced
pressure. The residue was extracted with AcOEt (10 mLx3). The combined extracts were washed with 1M HCl
(15 mIx2), water (15 ml) and saturated brine (15 ml), dried and concentrated under reduced pressure. The
residue was purified by preparative TLC (Hexane/AcOEt = 2:1) to give the monoacylate 3a, diacylate 4a and the

recovered substrate 2a.

N-acetyl-V,N’-ditosyl-1,5-pentanediamine (3a)

TsHN™ """ NTsAc
3a

colorless oil: 'H NMR (400 MHz, CDCls) § 7.75 (d, J = 8.3 Hz, 2H,), 7.74 (d, J = 8.0 Hz, 2H), 7.35 (d, J = 8.3
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Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 4.47 (t, J = 6.5 Hz, 1H), 3.72 (t, J= 7.4 Hz, 2H), 2.94 (dt, /= 6.5, 7.4 Hz, 2H),
2.45 (s, 3H), 2.43 (s, 3H), 2.31 (s, 3H), 1.66 (quin, J = 7.4 Hz, 2H), 1.51 (quin, J = 7.4 Hz, 2H), 1.32 (quin, J =
7.4 Hz, 2H); °C NMR (100 MHz, CDCl;) § 170.1, 145.0, 143.3, 136.8, 136.6, 129.9, 129.7, 127.3, 127.1, 46.7,
429, 29.1, 29.0, 25.0, 23.6, 21.6, 21.5; IR (neat) 3286, 2942, 1697, 1597, 1428 cm’; HRMS calced for
C1H3:N;05S, [M+NH,]" : 470.1778, found 470.1774.

N,N’-diacetyl- N, N’-ditosyl-1,5-pentanediamine (4a)

ACTsN” N""NTsAc
4a

colorless oil: "H NMR (400 MHz, CDCl3) § 7.77 (d, J = 8.5 Hz, 4H), 7.34 (d, J = 8.5 Hz, 4H), 3.77 (1, /= 7.8 Hz,
4H), 2.44 (s, 6H), 2.33 (s, 6H), 1.74 (quin, J = 7.8 Hz, 4H), 1.38 (quin, J = 7.8 Hz, 2H); *C NMR (100 MHz,
CDCl3) § 170.1, 144.9, 136.7, 129.9, 127.4, 46.9, 29.7, 29.1, 25.0, 21.6; IR (neat) 2920, 1696 cm™'; HRMS calcd
for Co3H34N;04S, [MH+NH,]" : 512.1884, found 512.1872.

N,N’-diacetyl- N, N’-ditosyl-1,5-pentanediamine (4a)

AcTsN” """ NTsAc
4a

colorless oil: "H NMR (400 MHz, CDCl3) § 7.77 (d, J = 8.5 Hz, 4H), 7.34 (d, J = 8.5 Hz, 4H), 3.77 (1, /= 7.8 Hz,
4H), 2.44 (s, 6H), 2.33 (s, 6H), 1.74 (quin, J = 7.8 Hz, 4H), 1.38 (quin, J = 7.8 Hz, 2H); *C NMR (100 MHz,
CDCl3) § 170.1, 144.9, 136.7, 129.9, 127.4, 46.9, 29.7, 29.1, 25.0, 21.6; IR (neat) 2920, 1696 cm™'; HRMS calcd
for Co3H34N;04S, [MH+NH,]" : 512.1884, found 512.1872.

N-acetyl-V,N’-ditosyl-1,3-propanediamine (3c)

TsHN /\3/\ NTsAc
C

colorless oil: "H NMR (400 MHz, CDCl3) & 7.75 (d, J = 8.0 Hz, 2H), 7.72 (d, J = 8.0 Hz, 2H), 7.36 (d, J = 8.0
Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 5.15 (t, J= 6.4 Hz, 1H), 3.84 (t, J = 6.4 Hz, 2H), 2.98 (q, J = 6.4 Hz, 2H), 2.46
(s, 3H), 2.43 (s, 3H), 2.31 (s, 3H), 1.89 (quin, J = 6.4 Hz, 2H); °*C NMR (100 MHz, CDCl;) § 170.6, 145.3,
143.3, 136.9, 136.1, 130.1, 129.7, 127.1, 127.0, 44.0, 39.9, 29.8, 25.0, 21.6, 21.5; IR(neat) 3286, 2926, 1698,
1597, 1428 cm’™; HRMS caled for C oH,sN,05sS, [M+H]" : 425.1199, found 425.1187.
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N,N’-diacetyl- NV, N’-ditosyl-1,3-propanediamine (4c)

AcTsN” >"NTsAc
4c

colorless oil: 'H NMR (400 MHz, CDCl;) & 7.79 (d, J = 8.2 Hz, 4H), 7.36 (d, J = 8.2 Hz, 4H), 3.88 (t, /= 7.3 Hz,
4H), 2.45 (s, 6H), 2.34 (s, 6H), 2.10 (quin, J = 7.3 Hz, 2H); °C NMR (100 MHz, CDCl;) § 170.1, 145.0, 130.0,
127.5, 44.5, 29.7, 25.0, 21.7; IR (neat) 2920, 1699, em™; HRMS caled for C,H3oN;06S, [M+NH,]" : 484.1571,
found 484.1558.

N-acetyl-V,N’-ditosyl-1,4-butanediamine (3d)

TsHN AN NTsAc
3d

colorless oil: "H NMR (400 MHz, CDCly) & 7.75 (d, J = 8.3 Hz, 2H), 7.73 (d, J = 8.0 Hz, 2H), 7.35 (d, J = 8.3
Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 4.72 (t, J = 6.6 Hz, 1H), 3.73 (t, J = 7.5 Hz, 2H), 2.97 (dt, J = 6.6, 7.0 Hz, 2H),
2.45 (s, 3H), 2.43 (s, 3H), 2.31 (s, 3H), 1.70 (quin, J = 7.5 Hz, 2H), 1.52 (quin, J = 7.0 Hz, 2H); '*C NMR (100
MHz, CDCly) & 170.2, 145.0, 143.3, 136.8, 136.5, 130.0, 129.7, 127.3, 127.0, 46.1, 42.5, 26.6, 26.5, 25.0, 21.6,
21.5; IR (neat) 3288, 2925, 1697, 1598, 1428 cm™'; HRMS calcd for CooH30N505S, [M+NH,]" : 456.1621, found
456.1611.

N,N’-diacetyl-V,N’-ditosyl-1,4-butanediamine (4d)

ACTsN S NTSAC
4d
white crystals: mp 163-165 °C; "H NMR (400 MHz, CDCls) & 7.77 (d, J = 8.2 Hz, 4H), 7.35 (d, J = 8.2 Hz, 4H),
3.81 (t, J = 6.6 Hz, 4H), 2.45 (s, 6H), 2.33 (s, 6H), 1.75 (quin, J = 6.6 Hz, 4H); °C NMR (100 MHz, CDCl;) &
170.2, 145.1, 136.7, 130.1, 127.5, 46.5, 27.1, 25.1, 21.8; IR (KBr) 3439, 1684 cm’; HRMS calcd for
CyH3N306S, [M+NH,]™ : 498.1727, found 498.1720.

N-acetyl-N,N’-ditosyl-1,6-hexanediamine (3e)

TSHN" S NTsAc
3e

colorless oil: 'H NMR (400 MHz, CDCl;) & 7.751 (d, J = 8.0 Hz, 2H), 7.746 (d, J = 8.0 Hz, 2H), 7.35 (d, J = 8.0
Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 4.45 (t, J = 6.3 Hz, 1H), 3.73 (t, J = 7.2 Hz, 2H), 2.93 (dt, /= 6.3, 6.9 Hz, 2H),
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2.45 (s, 3H), 2.43 (s, 3H), 2.31 (s, 3H), 1.69-1.62 (m, 2H), 1.47 (quin, J = 6.9 Hz, 2H), 1.35-1.29 (m, 4H); °C
NMR (100 MHz, CDCl3) § 170.1, 144.9, 143.4, 136.8, 136.7, 129.9, 129.7, 127.3, 127.1, 46.8, 43.0, 29.4, 29.3,
26.0, 25.8, 25.0, 21.6, 21.5; IR (neat) 3279, 2927, 1979, 1696 cm™; HRMS caled for Cy,HsN,05S, [M+H]" :
467.1669, found 467.1665.

N,N’-diacetyl-V,N’-ditosyl-1,6-hexanediamine (4e)

AcTsN NN NTsAc
4e

white crystals: mp 142—144 °C; '"H NMR (400 MHz, CDCl3) § 7.77 (d, J = 8.2 Hz, 2H), 7.35 (d, J = 8.2 Hz, 2H),
3.76 (t,J = 7.8 Hz, 4H), 2.45 (s, 6H), 2.32 (s, 6H), 1.71-1.69 (m, 4H), 1.38-1.37 (m, 4H); *C NMR (100 MHz,
CDCl;) § 170.0, 144.8, 136.7, 129.9, 127.4, 47.0, 29.6, 26.2, 25.0, 21.6; IR (KBr) 2932, 1703, 1596, 1359 cm™;
HRMS calcd for Cp4H36N304S, [M+NH,]" : 526.2040, found 526.2029.

N-acetyl-NV,N’-ditosyl-1,7-heptanediamine (3f)

THN" """ NTsAc
3f

colorless oil: 'H NMR (400 MHz, CDCls) & 7.76 (d, J = 8.2 Hz, 2H), 7.75 (d, J = 8.0 Hz, 2H), 7.35 (d, J = 8.2
Hz, 2H), 7.31 (d, J= 8.0 Hz, 2H), 4.53 (t, J = 6.2 Hz, 1H), 3.74 (t, J= 7.5 Hz, 2H), 2.92 (dt, /= 6.2, 6.5 Hz, 2H),
2.45 (s, 3H), 2.43 (s, 3H), 2.31 (s, 3H), 1.75-1.60 (m, 2H), 1.45 (quin, J = 6.5 Hz, 2H), 1.26 (s, 6H); *C NMR
(100 MHz, CDCl3) & 170.1, 144.9, 143.3, 136.8, 136.7, 129.9, 129.7, 127.3, 127.0, 47.0, 43.1, 29.5, 29.3, 28.4,
26.4,26.2,25.0,21.6,21.5; IR (neat) 3286, 2931, 1697 cm™'; HRMS calcd for Ca;H3;N,05S, [M+H] : 481.1825,
found 481.1813.

N-methyl-V,N’-ditosyl-1,3-propanediamine (4f)

ACTSNT N""NTsAc
4f

colorless oil: 'H NMR (400 MHz, CDCls) 8 7.77 (d, J = 8.0 Hz, 4H), 7.35 (d, J = 8.0 Hz, 4H), 3.76 (t, J = 8.0 Hz,
4H), 2.45 (s, 6H), 2.32, (s, 6H), 1.74-1.68 (m, 4H), 1.40-1.30 (m, 6H); *C NMR (100 MHz, CDCl3) & 170.1,
144.8, 136.7, 129.9, 127.4, 47.1, 29.7, 28.6, 26.6, 25.0, 21.6; IR (neat) 2924, 1698 cm’'; HRMS calcd for
C1sH35N;06S, [MH+NH,]" : 540.2197, found 540.2188.

General procedure for the acylation in Table 2-4 and 2-5.
Ac,0 (0.51 equiv.) was added to a disulfonamide substrates, A (0.5 equiv.), B (0.5 equiv.), catalyst (10 mol%),

and PEMP (1.7 equiv.) in CHCI; (concentration of each substrate: 0.05 M) at —60 °C. The resulting mixture was
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stirred at the same temperature for 48 h. The reaction was quenched with MeOH (10 mL), and the solvent was

evaporated. The subsequent work up procedure was the same as that of general procedure for Table 2-1, 2-2, 2-3.

N-methyl-V,N’-ditosyl-1,3-propanediamine (5b)

TsHN/\sb/\NMeTs

colorless oil: '"H NMR (400 MHz, CDCl3) § 7.76 (d, J = 8.2 Hz, 2H), 7.64 (d, J = 8.2 Hz, 2H), 7.33 (d, J = 8.2
Hz, 2H), 7.31 (d, J= 8.2 Hz, 2H), 5.28 (t, J = 6.4 Hz, 1H), 3.09 (q, J = 6.4 Hz, 2H), 3.01 (t, J = 6.4 Hz, 2H), 2.67
(s, 3H), 2.44 (s, 3H), 2.43 (s, 3H), 1.73 (quin, J = 6.4 Hz, 2H); C NMR (100 MHz, CDCl;) § 143.6, 143.3,
137.0, 133.8, 129.8, 129.7, 127.2, 127.0, 46.8, 39.4, 34.9, 27.4, 21.5; IR(neat) 3283, 2931, 1428 cm™'; HRMS
caled for C;sH,4N,0,S, [M+H]" : 398.1250, found 397.1070.

N-acetyl-N’-methyl-NV, V’-ditosyl-1,3-propanediamine (6b)

AcTsN/\sb/\ NMeTs

colorless oil: "H NMR (400 MHz, CDCl3) § 7.77 (d, J = 8.0 Hz, 2H), 7.66 (d, J = 8.2 Hz, 2H), 7.37 (d, J = 8.0
Hz, 2H), 7.32 (d, J = 8.2 Hz, 2H), 3.88 (t, J = 7.3 Hz, 4H), 3.05 (t, J = 7.3 Hz, 2H), 2.74 (s, 3H), 2.45 (s, 3H),
2.43 (s, 3H), 2.36 (s, 3H), 2.10 (quin, J = 7.3 Hz, 2H); *C NMR (100 MHz, CDCl3) & 170.0, 145.1, 143.4, 136.3,
133.8, 130.0, 129.7, 127.4, 127.3, 47.6, 44.8, 34.3, 27.1, 25.0, 21.6, 21.5; IR (neat) 2922, 1696, 1595 cm';
HRMS calcd for CyoHy6N,05S, [M+NH,]" : 439.1161, found 439.1356.

2.2 Chapter 2

FERTF 1 LMY OMEE 2 3l L 72,

2.3 Chapter 3

FRT 1 MY DY EAE 2 Gl L 72,
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