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LARZOPHICENL, V7P U ALY REFEFEET N T REERSSEER
FTT U P RERTET, FIDICERLZMAMFREEZS U ATV TUETS Z & T
DTT IV ET VT RERT S (Method B) ZDHEMADAERIZ TLC LHERTEET,
BEET7ITEROHERERKIITAI O F/TBARY bELUTEREINS, EMAMHEE
OFBITIX, ERET TMG ZHNWSONRBEVWERE5XDZEBRHELTVWS, —
By AHEPBREO U AT IVABOBEERE LT/ oaRVAEWR T E A U LSE
NTHBEZEZRHLTWS, ZOBERMAFT VD AREZIELOT I T RER
ICHEMARRETH D, PHICK > THSNEAREFRIGOH] % Table 1 1277 ]

Table1  Formation of chiral aziridines using various aromatic aldehydes in the
presence of chiral guanidinium salts (1) by Hada

+
Ph” N~ >CO,Bu 1) TMG, rt ot
. 2 bU
Me—" “w-Me . angHo 2502/CHCL N(
Br rt /
Ph Ar
* *
PH 1 Ph 2 3
1 . yield of 3(%) de?
run 2 (A1) configuration _ fime (h) cis trans total (%)
o 5.6 82.0
! <o]©\ (RA 4 0 O7%ce) 876 87
2 (R.R) 5 61.0(75%ee) 31.5(73%ee) 925 32,
3 (S,9 3 60.1(79%ee) 30.7(77%ee) 90.8 32
cl
50.9 34.9 b
4 \©\ (5.9 4 ) (s9%ee) 58 19
7 12.1 39.1.
5 Ne | (S,9) 4 Y, Qe 512 53

6.4 69.9
6 ©T\:ﬂ/ (S.5) 7 0 (©05%ee) 763 83
Boc
8.5 87.3
7 @j\ (S.9 5.5 0 (ehee) 968 82
N

8trans > cis
®cis > trans

“Unreproducible result because of too long retention time(>120 min).
dnseparable enantiomers by HPLC.
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Scheme 3  Preparation of guanidinium salts (1) from guanidine (4)
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BAE AIFJVZIAZO51 REFERETEFI NI T
T A DGR

RIS BICRMZ BT 2 &/ < RINEKE DM 25 BMICED 52D, HDICKED
chiral urea 8) & BT B Z &IT L7z,

# 1 #i (5,9-1,2-diphenylethane-1,2-diamine (7) 25 (S,9-4,5-diphenyl-2-
imidazolidinone (8) D&y ik,

%130 IRFEMNCONH,)ZFW-BHRORS

TR DITHEVY SM (7), CO(NHy), 1.0eq., H;O few drops / neat, 200C 2h TR EH STz, H
FEW) 1 BE TIIRISHRIFICET L SMAWEL TERYEEZ 5 DHDD, SM 10g TIX
RISBITFERINERAE Llc. CHUKMBH L= E &0, RISRMEPINTHLUSEBL.
EEROEREICAET 20 L Bbz. RBBORRIEIRBOETICENEL B>z
ISR OB RISHEST E3IC LRG3 2 E0FEE EBHN[(D): mp 83-85C, (8): mp
196-197CJ. L L THF L 2 EFEMU K D, H,NCOOEL / NMP, 120C D & 5 I3 bt
B SMBEE L. —H. @)IIEERMENE <, BOAc Iz bdHE DEIFRNED. Xt
(RS2 BtOAC % EBRYAHHE &35 flush chromatography TRIGHAZ KBICHEET S -
EREEETH D EBbhe, UEQLSCRIEDZ 75—V 7 v TIPS L Wiz BE
T % SM DEERUQ)DEMECHEN S Z OB Z2HE L, BEICL2ERERDS 2
&EiZl7,




5 258 (Boc),0-DMAP % H =B OH 2

SCHR VITHEVS SM(2), (Boc),0 1.1eq., DMAP 1.0eq. / CHsCN, 1t TR & R B 72 %3(Table 2).
SM (DA RIBRDN ST 5 L HKICDBD BockE BbN S AR Y MITLC LB M-
T, TM@)RBEI N0/, % THF KE A THRABEOBETH > -, XHO
NR 81%ZBHRT 51T, KOBEICHFRE NERBRESBEL BbN=D, 25—
7w TR EFITL T Z OREE B Lz,

Table2  Preparation trials of chiral imidazolidinone (8) from (7) with (Boc),0O-DMAP
0]
R\ NJ\( R®
R°R®NH bR
1 (Boc),0, DMAP i
R'-NH, —> R'-NCO
\ ; O
R*OH R \N’u\o R
H
Entry Reaction conditions” Solvents Remarks
1 (Boc);0 + DMAP + SM (7) CH;CN 16vol/wt SM (7) separated out
2 DMAP + (Boc),0 + SM (7) CH;CN 25vol/wt SM (7) separated out
3 DMAP + (Boc),0 + SM (7) CH;CN 35vol/wt SM (7) separated out
4 SM (2) + [DMAP + (Boc),0]  CH5CN 25vol/wt SM (7) separated out
5 DMAP + (Boc),0 + SM (7) THF 25vol/wt SM (7) separated out

* Before mixing, each reagent was dissolved in solvent. * A solution of (Boc),0 and DMAP
was added to a solution of 7.




# 33  1,I’-Carbonyldiimidazole(CDI)% F V) 7> EREE D 34

XHR "EBHEITLUT OBRE £47 5 /2(Table 3). 7 Entry 1 OB TRIGZRAEMN.
WRZNVEZN L EHREN(D DB E BN SBIEYNER L. 22T OAFER
JEEMET D720, BEBZECL THEMIBEZ TP, CDIBEE O D TFTS &
HIZH 1 HTENCRFZ AN RN 28 B ICNEBEE LT3 2 8oLk, 2510 T
Entry 2 DRETRIBZRI L E T2, ZBEDREIEZZLICHIEITS 2 L8R, L
U S(WPERE LD NREE S SIC R, R —IT7 v TORNREEBL T
BB EHIRET % Z &1 L7z, Eatry 4-6 T TM 8) DA EATICK G 2K T X8 578 CDI
DHEEZDHTPITHE L, BUEEE UTRIERD S OKEID LI & BHE & BE%, =
I BtOAc BRBIC L B HiEEME Lz, TOWN, HROBUHDBINS BOAc B 2T
HAUTETORGEZRE L. Bntry 7 DREREED Z &AW Rz, RN TLC £, spot to spot
TEFTLTHD, B EOAc BBIC K 2B TIIABRANDEENERIND Z 05, |
DHLEOHEBICRDRERA LT+ RAENS. ULHALLERBERETS 2D, 2h
U Eomatidfrbizno . ‘

Table3  Preparation of chiral imidazolidinone (8) from (7) with CDI

, 0
HoN NH, /) N HN/lKN H
>~ + NVN\H/NVN
Ph Ph A o PH  Ph
7 CDI 8
Entry SM (1) CDI Reaction Solvent Yield Remarks
Temp. [%]
1 0.5g 1.0eq. Rt — 40C  THF 30vol ~50 CO-dimer of (7) was formed.
2 0.5g 1.0eq. 60°C,17.5h  THF 40vol RS CDI solution was added dropwise.”
3 150mg  1.0eq. 80°C, 7h DME’ 30vol 2 Decomposition of (8) was observed
4  150mg 1.05eq. 80TC,6h DME 25vol  72.5° SM almost disappeared on TLC
5 25g  1.05eq. 80C,6h  DME 25vol  69.9 EtOAc 9 vol, cooled to 0°C
-- -- £ EtOAc 6 vol, cooled to -20°C
6 25g 1.05¢q. 80°C, 3h DME’ 25vol 75.8 EtOAc 10 vol, cooled to 0°C
B EtOAc 6 vol, cooled to 0°C7 I
- EtOAc 7 vol, cooled to 0°C/
77.4 EtOAc 9 vol, cooled to 0°C’
80.1 FtOAc 10 vol, cooled to 0°C”
7 50g  1.05eq. 80C,1h  DME‘25vol 759 EtOAc 10vol, cooled to 0°C

“The formation of dimer was completely suppressed. * Isolation was not attempted €1,2- dlmethoxyethane

RM was diluted with H,0 ¢ The product was contaminated with Imidazole.’ Preliminary investigations using
residue.
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ST NBT AT VRV TRICRAE AN o 720 AF )KL MeOH & D EREE L.
3N 7 LRI K D BB L 7=,

)OK NaH 2.2-2.3eq., )o]\
HN” ONH Mel or Etl 2.2-2.3eq.

/ DMF, rt
PA  Ph P Ph

100

4a: R=Me, y.= 99.1%, Colorless prisms
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Scheme 4  Alkylation of urea (8)

%/ 3 #  (89-1,3-dialkyl-4,5-diphenyl-2-imidazolidinone (8) 7 5
(8,9-1,3-dialkyl-2-chloro-4,5-diphenylimidazolinium chloride BDE
o .

% 13 (S,5)-1,3-dimethyl-2-chloro-4,5-diphenylimidazolinium chloride (52) DE AL

DI LIS YR OVNEIC L > TEICREINTWEN, SRARRREREE
EHTANEOERECBIT2EANERIND 20, RINERE MV T IcEET
S EEHMELTUTORNZT /.. RISOEMIRINESY ZBHE L T NMR 2|
EL. TM / SM [LZ2EH T2 LK DHELRE, REREZE< U THEMED Oxalyl
chloride DHIRZ ATz, RIS DHEITICRRAAISH o 7= (Bntries 1-4, Table 4)e F /=TSR
E% ETTESE, Oxalyl chioride (bp 63-64°C/ 763mmHg) D S AMEV /=8 K RFTIC RS+
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AP EN, U TIMEIERT L2 < 2o Fe(Bntry 5) #3ELT. i) BB ERS LER
BEEZE EIF5 I &, i) Oxalyl chloride DYBHKZEEIFEZERD i) KISEHD Oxalyl
chloride IREZBR RO I L LDFRANDESICE Lz, 2 TEMEEEZEERL. ,
FORS DHELT N LAY BAF 72 Entry 7 D4 #H(Oxalyl chloride deq. TIAIEE: 1/ )EHRAL TR
T=NT v T Uk, AIDERGEEYZEHEL CRORISICERL TWER, 25— %
LT BICONTRRIEORIGENERT B LS o 7, BSBRETS Oxalyl chloride
DEREEZSNZD, LBEWEABLTROIHL, XORBICERTSZ&IZLE
(footnote c)o T L D RIIEDEBIIEEE Nz,

Table4  Chlorination of urea (4)

@ Cl or
HN)J\NR (coch. F{N/Q}KNR
/ Toluene \__<
PR Ph PHi  Ph
4a: R=Me Sa: R=Me
4b: R=Et 5b: R=FEt
4c: R=Bn Sc:R=Bn
Entry (COCl);  Toluene Reaction TM (5a) /SM (4a) Content Crude
[vol/wt] Temp. and time on 'H NMR [mol%]  Yield
1 4.0eq. 25vol 80C, 18h 23/1 = A
2 3.0eq. 19vol 80C, 15h 25/1 - -
3 2.0eq. 12.5vol 80C, 1%h 3.0/1 2 -
4 1.6eq. 10vol 80T, 21h 29/1 2 B
5 1.6eq. 10vol 1007C, 20h 1.0/15° S .
6 1.3eq. 10vol 80C, 21h 0.78 /1 - 4
7 4.0eq. 12.5vol 80C, 12.5h 82/1 89.1 97.3%
4a 1.0g 4.0eq. 12.5vol 80°C, 14h 5.0/1 83.3 97.8%
4a1.0g  4.0eq. 12.5vol 80°C, 22h 9.7/1 90.7  90.4%°
4a 3.6g 4.0eq. 12.5vol 807C, 22.5h 78/1 88.7 102%"°
8 5.0eq. 12.5vol 80C, 12.5h 80/1 88.9 97.3%
9 4.0eq. 11vol 80C, 15h 7.0/1 -2 -

“ It was not calculated. ® (COCI), T Precipitates (5a) were filtered off.
55 2T (S.5)-1,3-diethyl-2-chloro-4,5-diphenylimidazolinium chloride (5b) DA &

IFILE@EL)D 2 LOVETIE, FIDIC LD A F K@) DEEEBEA L=, SEOH
FEM N TRAF U T2 (Entry 1, Table 5). € & TREX RGN & Bt Lent, RISESERSEST

9




CIEHREDoTe, L LS, MBARISESYN A TS, 3Bk 5E(Y
(GHYPWMOH L ZMA L& T3, HFEMb)T 1 N D=0 A BIFICkRES N, BB
D(5b)% BAET % T & AN HIR 7z (footnote b), INER I 4 R B 72 DS EURE O [EIX FE 68 F AV RTRE 7%
7, AIEBAEIC K D]D B VKR TRA ICAT =)L & LT TREBICET B N-TF UL

W& & Ak U 7z (Bntry 11).
Table 5  Chlorination of NV-Et urea (4b)
Entry (COCl),  Toluene Reaction TM (5b) /SM (4b) Content  Crude
[vol/wt]  Temp. and time on 'H NMR [mol%]  Yield
1 4.0eq. 11vol 80°C, 15h 1/2.65 A -
2 4.0eq. 6vol 807C, 15.5h 1/2.0 - -
3 4.0eq. 12.5vol 80°C, ~4days 1/33 = -~
4 4.0eq. 12.5vol 70C, 13h 1/8.2 - -
5 4.0eq. 5vol 80C, 14h 1/2.4 - -
6 5.0eq. 6vol 807C, 14.5h 1/21 K ~
7 4.0eq. 6vol 80°C, 2.7days 1/0.69° - 8
8 4.0eq. 3vol 807C, 14.5h 1/1.8 - -
9 6.0eq. None,neat  65C, 13.5h 1/59 K 2
10 SOCl, 4.0eq.  3vol 90C, 14h No reaction £ £
11 4.0eq. 6vol 80T, 2days 256/ 1 962  31.8%
4b0.6g  4.0eq. 6vol 80°C, 2 days 16.7/1° 944  49.7%
4b33g  4.0eq. 6vol 80°C, 2 days 50/1° 98.0  50.9%
438z  4.0eq. 6vol 80°C, 2 days 23/1° 959  44.6%

“ The value was not calculated. ® Precipitates were filtered off. ¢ Precipatates partially stuck to the flask.
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55 3 (S,5)-1,3-dibenzyl-2-chloro-4,5-diphenylimidazolinium chloride (5¢) D&k

N PR @)D 7 DIETR, #1912 EROIFIEOEEZEM L7722, (4c) 150mg
S BEDWEALY 22mg EBIZITEERN . POCL KK AREbRAEN, Kiide
{EfTLEho7z. INKDRI DK@ ZEEORBE LT 5 7 )Ltz B Lz (Table
6)c T Z T Urea (4) LD N-7ILF)LRIEEAY N-Me—N-Et—N-Bn &7851ZH > T 7 0)bAbn
EACSLKRB20IFE, BEIAFEMNRERICEZ DD EEDNE, Thabb, HILiRZIL
FFE D C=0 FHEEM 5H 10920 F5 [F(Biirgi-Dunitz O £ E)H 5 Rz OENERLY 1 4>
DEENPRI >TNBEEZSNDM, (4D Space-filling model 12 KIUE I DFMIIN-T
IV IVRIEEAY N-Me—N-Et—N-Bn 725120 > C. MABENRELHEL TES,

Table 6  Chlorination of N-Bn urea (4c)

Entry  (COCl), Toluene Reaction TM (5¢)/ SM (4c) Content  Crude
[vol/wt]  temp. and time on 'H NMR [mol%]  Yield

1 4.0eq. 6vol 80°C, 4days 5c2.2mg’ K -

2 4.0eq. 6vol 80T, 5days No reaction’ = —F

3 POCI, 5.4eq. 1vol 106C, 13h No reaction® K -2

“ The value was not calculated. ° SM 150mg, the precipitates were filtered off. © Reaction mixture was
evaporated.

—F., B NITF ALV T ERBELET T O DERETO>TWS, T TINES
E1Z LT NN DINVHEH(5c) %13 B 725, N-Bn Urea (4)DRKIXME R LS5 2 L2 H
BIZ C=0 M5 C=S "DEHEITo Tz, TDOEH OITIX Lawesson’s il ZE F WA, Ml
IL2HF 110CTIE TLC | 4c WERGFL 727280, B E 0-Xylene IZE A TRIGIREZ 145C
T ETEEZAHREYIIHEEL . ERD Thiourea 4d % & N2 T1%/=(Table 7).
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Table 7  Thiation of N-Bn urea (4¢)

o ) o
e e
\S/‘\:\S s

i J

Lawesson's reagent
BnN)KNBn g _ BnN" "NBn
o-Xylene, 145°C
PR Ph PR Ph
4c 4
Entry Lawesson’s Solvent Reaction Reaction Yield
reagent [vol / wt] Temp. Period [%]
1 2.4eq. Toluene 10vol 110C 6 days s
2 2.0eq. o0-Xylene 10vol 145C 23.5h 88.7%
4c2.0g 2.0eq. o-Xylene 10vol 145C 24h 90.5%

¢ Unreacted 4c was observed on TLC.

JRIZ N-Bn Thiourea (4d)% N-Me Urea (4a)DE&MTZ AL L& T A (LS 1), &
INZE 30%72708 5 B DY (5e) & 18 5 T & AN = (entry 1, Table 8). C=0 Urea &K
BLAMol 2 EET B E C=S{LIc X BERITER THD T LAVRINZ, £ZT

(COCI), DU BEE 2 5D 9.0eq.I2 LTz & T HIHRIL 84%F T L LTz

Table 8  Chlorination of V-Bn thiourea (4d)

S Cl or
X (coo, X
BnN~ 'NBn BnN"7) 'NBn
/ Toluene
PR Ph PR Ph
4d 5c
Entry (COCl), Toluene Reaction ™ (jj_cl) /Urea(4c) Content Crude
[vol/wt]  temp. and time on HNMR [mol%]  Yield
1 4.5eq. 12.5vol 827C, 17.5h 1.00 / 0.03* 97.1 31.1
2 9.0eq. 12.5vol 82C,30h 2.00/0.07¢ 96.6° 86.3

¢ Precipitates were filtered off. ® It corresponds to 97.0 wt%
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5 4 & (S,9-1,3-dialkyl-2-chloro-4,5-diphenylimidazolinium chloride GYY5!
chiral guanidinium bromides (1) D& ik

BR%Z Scheme 5 ICEKEWz, JT7 2P OERTREBAROYREEZZE L., TLC
LEOTY L I AFINDIERERER LIRS X FIRELY(Sa)D S B ZEFHO 1.66eq.
D5 1.5eq.~1.4eq X THIR L 72, RIS TFIVEENMSGH) TS 14eq. TH/U LI AT
VDFERE TLC LR TE . ZOIFNT T2 27V —KEb)DH 5 LREEITIL,
DICHBHARZ S U HICBERES . ZORBHERS U b2 S ACED, BETS
CEWERNTH D fee e DIVREEHI(5c)TIE 1.07eq.TH ) ¥ T AF IV OIE RN
TLC bR =Nz,

RCERTHERENEFINIT T oDV RBMAR DN T4EBLL, BT T ==
LB ERE. RV IARA) TREIMEN DI, 7 OBIEIEIC LS AL O de N
HolledTH D, TFIAEAL)ILOEE Rz D HRYTH - 7=,

ol | N~ COO'Bu
Y Cl H,NCH,COOBu'HCI salt JI§

RN NR 1.0eq., EtsN / CH,Cl, RN" 'NR

PH  Ph PR Ph
Sa: R=Me, 1.4eq. 6a: R=Me, y. 98.5%
5b: R=FEt, 1.4eq. 6b: R=Et, y. 91.7%, Oil
Sc: R=Bn, 1.07¢q. 6c: R=Bn, y. 96.8%

+
P >N~ COOBu
PhCH,Br 1.1eq. / CHaCN, rt RN" NR p.-
PR 'Ph

la:R=Me, y. 97.1%
1b: R=Et, y. 93.1%, Oil
1lc: R=Bn, y. 80.5%, deliquescent solid

Scheme 5  Preparation of chiral guanidinium salts (1)
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$5%8 BRUAEY OV DL AROBEIICONT

FISEBOMAZRTT D IZH > T ERT BT 2V 2 2(3)D diastereomeric excess (de) &
X enantiomeric excess (ee)?'f > piperonal (2a)% EE 17BN, BEEAERKISOBERERS
7o

B WMBEABTICBITSS7 =202 A4 (1a) & Piperonal (382) DFRFE T
DU D RN
PHIZIENFEBE T TMG L.3eq. 2 INBR 2T o7, LA LANS, RISOETICEN
KISEEYMORMENE 22 2 0D@RBMEIL L. HXEM 20O=E 40 OBBEHETS
C EIIHIRIZ A © T2 (Table 9)e & HITINE KR NN ee HIKWHEIZE EF o 7=,

Table 9 Asymmetric synthesis of aziridines from guanidinium salt (1) and piepronal (3a)

+ t
Pt t CHO COOBu
Ph” >N COOBuU 1) TMG 1.3eq., /_N(
)J\ N neat, rt PH "
MeN" 'NMe g.- + | : -
\ §Z o 2) SiO, / CHCl,,
: rt O
Ph Ph 0—/ o/
la 2a 3a
X
MeN" "NMe
+ \_<
PR Ph
4a
Entry TMG® Reaction Trans-aziridine  Cis-aziridine
Time at stage 1) Yield %ee :
1 1.3eq.(1h) + 1.3eq.” 1h + 3h° 82.3% 78.0%ee 2.7%
2 1.3eq.(50min) + 1.3eq.” 1h + 1h° 79.6% 78.0%ee 5.7%
3 1.3eq.(46min) + 1.3eq.(42min)* 46min+ 42min =~ 68.4% 63.6%ee 4.4%
4 1.3eq.(1h)* 1h + 5h 57.9% 61.5%ee  5.9%
5 1.3eq.” US.3h 38.3% 56.0%ce  Not detected

* The time when stirring could not be accomplished is shown in parenthesis. ° As the bottle of TMG was just
opened before use, TMG was not distilled. ° Reaction was conducted in glovebox. Stirring did not stop for 3h.
“TMG was distilled. ¢ Stirring did not stop for 1h./ Piperonal and trans-aziridine were not separated well.
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RITEPTRADE L BN S I TMG DIER %A 7= (Table 10). FDHER, IV,
BIPRFHIE L ee IKDNWTHEBR SN B DD, ee DEEEE 90 %ee BB 5 = EidHisk
Biro Tz, RISKEOMAZTIICHED. ERFREOREL -EREEEBS Z &3,
BT BT 21T o R OIRE 2 EREICHIRG 5 L CRETH 5. ThbbE. RED
BHESHEASNTOARNE, RTICHTRENRETNESC LS00, BEHD
ETIZL2OONHEHITE RN, SITHRD TMG OBFEIL. ERT 2 A RREEO R
BERHT S ETRELRS CENTFRENE. T CRARGOLRE L BN 2R
TR BEZUBTHIENE—EEX, BEROBMERLS - &1z L,

Table 10 Formation of chiral aziridines (3a) with 1,1,3,3-tetramethylguanidine 1.3-3.2eq.

Entry T™MG Reaction SiO, Trans-aziridine Cis-aziridine

Time at stage 1) Treatment Yield® %ee Yield”

1 1.3eq.(1h’) + 1.3eq" 1h+3h 19h 82.3%° 78.0 2.7%"

2 1.3eqf 20min” + 1.30 19h 64.5%° 75.4 4.1%"

3¢ 1.3eq.° 4h 19h 70.8%  80.9 - 41%

4 2.0eq. 45min” +3.75h"  21h 84.0% 727 4.7%

5 2.3eq. 1h20min” +3.2h*  19h 885% 86.0 4.8%

6 2.6eq. 45h 24 h 922% 88.7 5.5%

7 2.9¢q. 4h 2h 91.8% 833 5.4%

8 3.2eq. 4h 22h 95.9%  88.2 5.6%

“ Determined by quantitative HPLC. ° Until stirring could not be accomplished. * TMG was not distilled. 2
Isolated yield © TMG was just distilled before use. / Stirred on the wall and allowed to stand at rt for 2.3h.
total 4h at rt. £ Test tube was used as a reaction vessel. * Stirred on the wall.

FLE BEFETICBIS57 7202 A% (1a) & Piperonal Ba)DARFT
U2 RIS

TIE MLIIORMCEZHE

SIGBAAE 1h THRIPDHEIE L/ Table 10 @ Entry 1 & 4.5h BEARETH > 72 Batry 6 bk
BT D ERISHHID ee DIES BRISBHID ce DEE THBENTLMELE LTO ee DL E
DTRBLIICEZ 2. KIEHHIZBIT S ee DIETOERE LT TMG & RISESHNE
HEICRRE THMT 2 LI K 5BREOBE T 2H#RIL. CNEERTSHREES L
THVI OFEMERS D Z LIZ L 72(Table 11). TMG 2.0eq. TIHBED & BBE £l NES
EHEBT D & INRKR W ee 31T M VT U BETE LIz AL D B UM 2R U7 (Bntry 1 and 2)o
TITELICMIIVEBEERT L ee CAERERITANDDD, INZRAHME T L 7z (Entry
5-6)e TIZAUMMEAEL TATHRERKEBIZRSNANS 7Z(Entry 7)o
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Table 11  Formation of chiral aziridines with TMG in Toluene at rt

Entry  Toluene’ T™MG Reaction SiO, Trans-aziridine  Cis-aziridine

[vol/wt] [eq] Time at stage 1) Treatment Yield® %ee Yield”
1 None, neat 20 0.75h+3.25hK° 21h 84.0% 72.7 4.7%
2 1.04 2.0 4h 20h 96.5% 873 5.3%
3 1.47 1.5 45h 2lh 87.7%" 85.7 4.2%
4 1.47 1.5° 4h 22h 80.7%  89.0 4.5%
5 1.64 1.3° 4h 22h 76.9%  88.0 4.4%
6 1.81 1.1 4.5h 21h 68.6%  86.0 3.9%
7 None, neat 2.0 1h%+3.5hat40C 21h 80.0%° 83.8 4.5%

“ Based on piperonal ” Determined by quantitative HPLC. © Stirred on the wall, 2 Quaternary salt (1a): 0560A
* TMG was just distilled before use. ! Until stirring could not be accomplished. # Quaternary salt (1a): 0528A

2 BEEICK PR

NERD ce DME THEDITMEENBLNEN LD, MLLVEIBRATES
ee DED D 2 AF(Entry 4 in Table 11) THEX OEHIC L AMBEETRD Z &1 U 7z(Table
12)e TOWNIVI 2, THF ROT =V — ViR s BIF R B AR L. FIU MLT Y
T Entry 4 in Table 11 TIXR RS ORHEAE < BEAILEE 02T THBD. Entry
7 in Table 12 [¥FHLFEELD Piperonal Ga)i A TN BIF TH o= 2 EM 5, IEIELEN
DR DRSS DETEICHEL TWA LI ICBAE. UELDERI LS
FEeDRTHD, BEBEESPLTRAS &L,

Table 12 Formation of chiral aziridines with TMG in various solvents at rt
<General conditions>
Me-N quaternary salt (1a) 101.3mg (1.02¢q.), Piperonal (3a) 27.0mg (1.00eq.), Solvent 40uL,
TMG* 1.5eq. (35 pL) at rt

Entry Solvents Reaction Sio, Trans-aziridine Cis-aziridine

Time” Treatment® Yield? %ee’ Yield”

1 THF 3b° 20h 81.6% 882 4.5%

2 CH,CL, an 19h 81.8% 782 43%

3 p-Xylene 41° 19h 762% 809 3.9%

4 Anisole 4h 19h 84.5% 863 4.6%

5 t-BuOMe’ 4 h# 20h 67.3%  86.1 3.3%

6 PhCl 4h 20h 757% 855 4.1%

7 Toluene” 4 hf 20 h 73.7%  86.3 4.1%

* GU1010A ° Without footnotes, piperonal disappeared on TLC. ® In CHCI, ? Determined by quantitative
HPLC. © Stirring could not be accomplished.  80pL was added. & Piperonal remained a little on TLC. *
Piperonal from Nakarai chemical co., Itd. was used. :
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B3 REGAEER)IC K BEIR

IFRE B U2 Table 13 10RT, BB % 2 [0 U Je#& 5 (Entries 1-3)20 5
ee DS\ Toluene, THF BTN, & 5ICH IR %% U 7= (Batries 4-6, 9), VAR % 480uL
TP LIRRN S, INEBR U ce #£I2E D E W THF —O I B 2 8- 7Z(Entries 6,9)s =
SITBRBEEPL TN & ee DB 94%ee ETH LT 2 HOIER 37%ETET L
(Entry 11)o ¥5 <HER L= HHAHL b0 YL R— LA RBEEZ L THET 50T
AP EHERI LTz, B L ee DIRRE VD S IERE & LT 400uL % E N (Entries 7-9).

DI—T ) RIEHEBR L 7 THF I8 5 ® D172 > 7= (Bntries 12-15).

Table 13 Effect of volume of solvents at rt
Entry Solvents Volume Reaction Si0, Trans-aziridine  Cis-aziridine

[uWL]  Time at stage 1)° Treatment’ Yield® %ee’ Yield®
1 Toluene 80 4h 19h 83.6% 872 4.4%
2 THF 80 4h 19h 83.8% 88.3 4.4%
3 Anisole 80 S5h 185h 86.8% 85.0 4.4%
4 Toluene 160 45h 185h 81.1% 86.0 4.2%
5 THF 160 45h 185h 81.3% 87.8 4.2%
6 Toluene 480 5h 18h 69.1%  88.9 3.5%
7 THF 320 5h 185h 84.1% 88.9 4.7%
8 THF 400 55h 18 h 80.6%  89.6 4.4%
9 THF 480 5h 18 h 73.8% 914 4.0%
10 THF 960 5h 18.5h 64.2%  93.0 4.0%
11 THF 1920 5.5h? 18h 36.5% 93.7 2.6%
12 Et,O 400 4h 20h 72.8%  87.8 3.7%
13 DMEFE? 400 4h 20h 69.3%  89.0 3.9%
14 Anisole 400 4h 20.5h 71.7% 85.4 3.8%
15 CPMFE 400 4h 21h 70.4%  90.0 3.6%

° Without footnotes, Piperonal disappeared on TLC. ° In CHCI; © Determined by quantitative HPLC. ?

Piperonal remained slightly on TLC. ¢ 1,2-Dimethoxyethane / Cyclopentyl methyl ether

BATH TMG OFRERIGREIC L 2508

Table 13 K DIAHEBZIECT & ee WA LT BERICH > . Z2TTMG EMICE 21
URDREEFZES T2IETee NRETBDTIRAANALEZ ., TMG % THF THER
LTYo>< DT FT 5T &I L 7= (Table 14). T DH#ER ee DM EIZERD SN > DD
ERANHT 8% M E L7z (Botry 1) T 1) ROERED S VTS 2 ETHEEDA Y R D E R
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BT 6N, EXOF—)L & DRIBES ORIR IS ZHH TETNBER LT, RiZERkR
FRRIE TIRENRERED B Z &2 Uik, 200128135 RIS TSR EOEE I &
DINERIZM LT 2H DD ee 13RES &R FTHEAIZH - 7z (Entries 3-5), 288 L 7= TMG %4
AT3Z&EICE>T ee BAET S EVFREICB N TH 5N TV 8 (Entries 3-4 in
Table 11). -10CTEEOHIHZ LB LI-L = 5, NERTHI 5%, ee T35%F L HKFL 7=
FMEN T &A1 5 7z (Bntries 7-8). — M5 & Brr 1) IREEDMEN & ee DME < 72 B EAIA
HENTD. WEZE LT TRS Z &2 Lz (Bntries 9-12)c TDHER 25CTK N 40°C TIFIF
METESRELES,

CCTHRRERIEDHEEA T, 3 70d b HERAIHIE & 845728541 > NWTEZLD,
KGRI IR D £ BB (Step 1)ICDNWTE X3 &, 20T BN TREREVETLTHE
PRUTZ trans-7 1) 22 (3a)D ee I 83-84%ee & —52 LT 2 (Entries 3-5). ¥7/--35CIcH
VT 84.0%¢e THB(Entry 6). b LES A2 EIHAEN TS O 53, ExoF—
IVINTRTEY B PR S BR AT & A R 5 MRIZEEUZET, ee DRENED 513 (=
ThHD. M7, EXOF—)LOWELLE-10CH 5 4+60°C Iz BT 5 HEKD 1) HLETIX
—TE L THE 90%ee DENESNT VD (entries 8-12), Tk b B LI L EITNENT
O DI 90-83=7%ee FREITHYT BT T, RSIIE & A EHEERICHBEIS LT
HEERAD,

Table 14 Slow addition of TMG 1.5¢q. (35uL) in THF 35uL at various temperature

Entry The time takento add Reaction Reaction Si0, Trans-aziridine  Cis-aziridine
TMGin THF  Temperature Time® Treatment’®  Yield® %ee’ Yield
1 33 min It 4h 19h 883%  90.3 51%
2 28 min Ice bath 4h 21.5h 704%  89.5 5.0%
3 30 min 20C 4n? 21h 338% 84.1 2.8%
4 16 min -20C 24 h 24h 803% 834 4.2%
5 16 min -20C 49h 28.5h 86.0% 82.7 4.5%
6 15 min -35C 475 1n° 24 h 728%  84.0 4.0%
7 17 min -10C/ 225h 24 h 90.6% 85.2 4.7%
8 18 min -10°C¢# 22 h 24h 96.5%  88.7 5.5%
9 16min 10C” 45h 24 h 87.7% 918 5.4%
10 15 min 25C* 45h 24 h 89.1% 91.4 5.5% .
11 15 min 40°C" 45h 24h 88.0% 91.0 5.5%
12 17 min 60C" 45h 24h 85.7%  89.3 5.3%

¢ Without footnotes, Piperonal disappeared on TLC. ° In CHCl; © Determined by quantitative HPLC. ¢
Piperonal remained on TLC. ¢ After 24h, piperonal remained a little on TLC. ” TMG passed for 3.3months
after distillation: GU1010A & TMG passed for 2 days after distillation: GU1314A " TMG: lot No. GU1314A

RTINS 7 1) P EBBRMEC ) HMBITE S Step2) IZDWT, KIED
HHETFEZE2 %, HL Step 2 CBWTRAFENIZHEIMBNTNBETBE, Step 1T
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é&bt¢%wm$%t;317vu9>K%ﬁém%:&tméo:@%ﬁ&wzwﬁ
JRRBEEEL TWBE®D., rans-T V) P 2(3a)D ee I Step 1 DIREICL ST —F L
ee ZHABIRTTHD, LALANS, 20 et Step 1 DIREITKTFEL . 83-92ee DEAL
ERETNS, />T. Step 2 LR ERPNZHEEZITNBEEZ 3, IRy u
YEYET LT ()0 RIS U TSR T B0 B E R TS AR C ETHD. EEH
COHREN TLC ESERICHET B 2 & THHTE S,

FHIE TMG DYERoEs

Zhi?@%%ﬂ%ﬁm%ﬁ&bmewwﬂmOMnﬁﬂﬁEMW%ﬁﬁﬂnTMG
L%&%qOA%NJ%HWS@LT%WbT%TL‘%@%%&@%%%ﬁﬁbtawh
15) TORER. ee BOREIZ DN THENRNT & 2R L, INK D (kD
BB X DRI OFEMEERL . TMG O4EH & LT Lleq.ZEBM L7z,

Table 15  Effect of equivalents of TMG in THF 400uL at 25°C

Entry The time takentoadd TMG®  Reaction SiO, Trans-aziridine Cis-aziridine
TMG in THF [eq.] Time’  Treatment®  Yield® %ee’ Yield’
1 14 min 1.05(24uL) 5h 18 h 90.8% 91.2 5.5%
2 14 min 1.20(28uL) 4h 195h 89.4% 91.2 5.4%
3 19 min 2.00(46uL) 4h 20h 90.9% 91.0 5.7%

* TMG:GU1314A ° Without footnotes, piperonal disappeared on TLC. © In CHCL; ¢ Determined by
quantitative HPLC., B
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6= ﬁ?:?:ﬁA%UPK&%$§79U”>%&@&W%%

MBECBNTT TP oI ALY RIZEBRET DY DB O IR BB A
BONITW, TORIGHEDEIICEE L -,

BIEH 'HNMRICKBZ 7= ALY R DEEHR OH A

CNETHREDERBICEE > TWAET TS A1 Y ROBGEZHNDD-®, NaH
%ﬁ%&LTDM&L¢ﬁmEﬁm‘%@Eﬁﬁ@NMR%Mﬁ?%:&T%UP@%ﬁ
CONWTHEBRZRS . RISREREANET O TRy 7 AR o 2%, Nab O
WINZ & D RISHITERD S WERITSh S -, TITTOEBBKD NMR ZHIE
LIeit, 7 2020 A1) D&Y VF VIZEHEL 7 L THED . A2 DRI
Wﬁ:wﬁiaﬁw2Hﬁ%%éhé:t@5ﬁiéht4UF%ﬁ@ﬂ?@&<‘tFU
F%#)ﬁﬁmbt@mwiﬁmabmtoﬁb%ﬁéhﬁm&ﬁ%»ausmmmﬁ%
m%MKﬁMéHtoé5K:@%@@%ﬁtE&nf—»@@émzfﬁmwﬁwﬁE
mTéﬂﬁﬁbtﬁ\NMRtﬁ»s»imbyﬁmcébﬁﬁém%:&#B&WM£
ﬁbfmmm&%ﬁbto:@%ﬁmﬁmfuﬁmeE%Mﬁﬁéz&&%ﬁﬁﬁhw
Bl SIRE O E{H(63-83 volwt) T U FORRABET N T REDREETF o=, 5
DTHEELT TMG ZAVWEHEDT ) FOARR L D SBELETTOTILFE K&
DERBIZK B MPEEOEREEET 26O TIEA,

H
Ph /\}i,)\coo’Bu NaH 1.05-1.1eq. /DMF-dy, 1t o~/ >COO'BU

/U\ 30min . | )<H

MeN NMe Br~ in glovebox MeN NMe
Ph  Ph | PK  Ph
9b
(1) \>f\ o @®) o
ph/\/m/\COOtBu 0
MeN™ “NMe - (22)
\\ CHO
Ph Ph No Reaction
(9a)

Scheme 6  Observation of chiral guanidinium ylide on 'H NMR
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F2E EROF—)VERE S U7 Bk ORGSR O

ERT SHHEEOBECONTENND 28520, EROF—)LEHEE LT TMG O
HENEBRY DR TFTORETHMSEEEFE L. CHCL EH S g — Ry S LT TLC
ERADOA<KIT 2B OZHE, KEEMRYEEZ. T2 TEO NMR 2EELER, 2
7 MV TTHEE RIS BITRES Mo, 25 LTE BN KR ARSI ERED b
MAETHE LHEET 2700, SIO ML E T3, BEED KISHHET L Table 16 DFER %
®lze INEDZOWMRYIERNET BHEKEE 2 5N,

—7. ZOHRRED NMR > 7))V EER 4 BEERELEE 2 A LSRR E N, 20
TEEF UM THEEZRD H R E5E 5 7245 NMR BIREED 5= 50 5T~
7 MVOREDHER S NI, LD PRIAEIL CDCL FTRERTHS E#@mL. CsDs,
CDsCN, Pyridine-ds % DDA T NMR Z28IE L. 55O R4 MG 2 RET 2
T LIRS T,

<General conditions>
Me-N quaternary salt (1a) 80.2mg(1.02eq.), Piperonal 21.5mg(1.00eq.), Toluene 31ul(1.46vol),
TMG 1.50eq. / rt 4h
Table 16  Transformation of the intermediate from piperonal (2a) into products

Entry Intermediate CHCl, Trans-aziridine Cis-aziridine Urea (4a)
: Treatment Yield® %oee Yield” Yield”®
1 100.6mg 25h 59.1% 82.0 7.9% 72.9%

“ Determined by quantitative HPLC. © Isolated yield

I EXDF VBRI R ORI ER
B1IE TV SRR KB IR R OIBHE O 3o (THF 1)

EEBEICE D HEEOHMERRICRIIL Ao 20, RO ERAS Z i
Uiz, FRFORBICIIINETERALE S KEWRFFENERINTNS Exoi—
WOz, FRMEIXTLC EF1 V> T3 28Ry hTHEBZENS carbocation-alkoxide
W& OEE M Z B FE U (Hexane : BtOAc =4:1, Rf 0-03), FAEL = E&EIC
P-0:NCsH,SO,Cl, m-BrCsH,COCl, TBDMSOTY, p-MeOC¢H,SH 25 % 5, L =R Ih L7sdh - 7=
U LIRS BANTS, SKEEE 2 AW 58103 U h 7 VILE S A USENED 5 h.
trans-& UX cis-Aziridines (32) & EBITT LT (4a) VRN EMITERT B Z EWD 5T, O
R D trans3a DF T H T KICEBHHTIE. (REREOBNH OEBAEN LB/ AR
A E U THRBEN, CNILSIOME L & SIeFERY &2 TEREKEF L TH -

21




7o TEDB. AcO UHE & Si0, NHIT 2 < R UIAFERETET L THWDS T &0 o
Tro ZHUITALIEENR U AEREETERF L TV A REZREL TNWd, £ THO
Ky E AW THREEOREERWIIT DU D OANOBRN RN ZTTo .

BT THF BIESA T CHREAZAEL . £ 0 THF BRICEZERWITHRL TR EK
YW T 9 5 HE T 72(Table 17). #13 Ac,0 1.1eq. ZHM L NT DU D 2 N DEHIS
BN T2/2D, EBIT Lleq BBML THEMERD T DU 2 2 ADEHZ TR S Bz (Batry 1)
Z DEEEED 5 LIBEOBRF TIRBEKDENDNS 22 mWINT DI &Lz, ZITHER
FTNEF SO LE THEEET DU PGB DICERT-BZET HIIHL T,
AcO 22eq. TH 20 D TERMNEHR L TNDBRTH 5. £k trans-3a D ee N SiOUET
91%ee TH B DITHNT Ac,0 BT 83%ee TdH o /z(Entry 4), T DR ZRREKYIL
BIZBIT BEEHRK N TMG NERBRBBL TNDH I ELHEL. TMG 2RBELEL
T Si0, L D RER L BT D Z &IT LT,

22




Table 17  Conversion of the intermediate into aziridines with various acid anhydrides

T A~ A CHO COOBu
ph” N~ "COO'Bu 1) TMG 1.1eq. N(f
MeN~ “NMe .- -+ n THF, R, th— ”
\ Br o 2 RCO:0/ |
PK  Ph o/ ~THR LP
la 2a 3a
0
MeN)J\NMe
+ \_(
PA  Ph
4a

<General conditions>
Me-N quaternary salt (1a) 101.3mg (1.02eq.), Piperonal 27.0mg (1.00eq.), TMG 1.10eq.(25uL)
in THF 35uL (added dropwise for ~15min), THF total 400uL(=365+35), 25°C, 4 -5h

Entry  Acid anhydrides Equivalents Reaction Intermediate Trans-aziridine Cis-aziridine

Time on TLC Yield® %ee” Yield"
1 Ac,O 1.1eq. 4] min  Remained a half - --
+11eq. 44 min Disappeared 72.3% 79.3 4.5%
2 (Boc),0 1.1eq. 39min  Remained’ - -~
+11eq. 41min Remained’ .- --
Total 2.2eq. 89h°  Disappeared 70.7% 85.9 6.0%
3 (CH,C0),0” 2.2eq. 43h  Disappeared 57.2% 87.3 3.3%
4 Ac,0 2.2eq. 20 min Disappeared  76.4% 83.2 4.9%
5 [(CH;5);CO],0 2.2eq. 28h°  Disappeared 53.3% 902 4.2%

% Determined by quantitative HPLC. ° No reaction ° After 42h, the intermediate remained a litfle on TLC. ¢
Diluted with THF 500uL © After 32min, the intermediate remained on TLC.

018 ﬁ»ﬁy@%mwm&5ﬁmmﬁ¢@7vuvy«oﬁ@@mmﬁm)

E1ELVBALZ TMG 2B URE U THi4E A%, ERTTHF 28X L T CHCL
PMABRICBEKMERNLTY DU 2 U AOERET 572 (Table 18). W3 NDHE
HINRANZIZ U A FNVAAE I RIER WD DD ee Tl Benzoic X T Pivalic anhydride T2/
1) 7 YLEE & IR M %15 7 (Batries 4 and 8). M OBRMEE T, PRAGOEBRE THE,
RS EZOEERBEL T PU I U GaE T LT (4a)eh T L5EEL. /5N trans-&
Weis-T DU D VIRBEYD HPLC EBEFT> Tb, LA L Ac,S UEBRD KINKZZT DX
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KRS 5 ERENEANSBRAICE(L., TLC b7 VU I ONEIERI N,
CNRBEMREICHEIBELERCE S TTI DU DB T EFIULEN, BIET S AcS T =F >
DHRETY DU D VINNETBED EHE L. T I TRISBICHIT. aq. NaHCO, PEi#
EZITo 72N, PROZECHENERABICEL L, 20O EED trans-K32) D INET 39%,
88.4%¢e 1207z, £ I THIHIREROEHE 2 HEEICERL . BEABKOBRME THEHES )
AT INEMA TREZRL M, PROEFRBIELLE. ZORBERBEI”EIUH
TheR15 LAREHEICERL, HPLC EBUZHR2Z Enry 9 KR L,
BEBOZEDEZ S5NSM, NERMITIL THF £ D CHCL BN T,

Table 18 In CHCI;, conversion of the intermediate into aziridines with various acid
anhydrides
<General conditions>
Me-N quaternary salt (1a) 101.3mg(1.02eq.), Piperonal 27.0mg(1.00eq.), TMG 1.10eq.(25uL) in
THF 35uL (added dropwise for ~15min), THF total 400uL(=365+35), 25°C, 4 -5h

Entry Acid anhydrides Equivalents Reaction Trans-aziridine  Cis-aziridine
Time* Yield®  %ee’ Yield®
1 Silica gel / CHCl, 3.0g/10mL 24 h 90.4%  90.6 5.3%
2 Ac,O/THF 2.2eq./04mL 17 min 76.5%  83.6 5.5%
3 Ac,0 / CHCl3 2.2eq./0.5mL 30 min 83.6% 85.1 6.3%
4 (PhCO),0/CHCl;  2.2eq./0.8mL 2k 67.5%" 92.4  Notisolated
5 - Ac,0/ CHCls 2.2eq./10mL 20 min 86.1%  86.6 7.0%°
6 (EtCO),0 / CHCl; 2.2eq./ 10mL 1y 86.5% 85.2 6.5%
7 (i-PrC0),0/ CHCl;  2.2eq./ 10mL 2 k¢ 83.1% 89.9 6.7%
8 (t-BuC0),0/ CHCl;  2.2eq./10mL 1451 84.1% 91.1 7.6%
9 Ac,S / CHCl; 2.2eq./10mL 30 min 67.8% 88.1 5.6%"’

“The intermediate disa‘?peared on TLC. ° Determined by quantitative HPLC. ¢ After 1h, the intermediate
disappeared on TLC. “ Isolated yield ¢ Trapped compound (9a) 1.0mg  After 20min, the intermediate
remained a little on TLC. ¢ After 1h, the intermediate remained a little on TLC. * After 3h, the intermediate
remained on TLC. * Recovery of Me-N Urea (C=0, 4a) 79.0%’ Trapped compound (9a) 1.6mg

o)
: o)
<o o<
Me
Ph” >N~ “COOBuU

o
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BIE HHEAENST DU D VBB RISOHEEEM &7 LT (4a)F OB R OFE

ZIZTRIET DU LT Ga)DREICIER T 3 &\ Sio MBOHEAITIT. (da)DEEFRITEE
DRV IVEOBRZIWMDADLIMNT 2N, —F, EKEBLEDBAIITZONILERE
VIVENS DBRBEOWMDALEEZEND, TITIDAZHLMCT 2D, U7 EF
WZNT 4 R RWTRRREEDTTREN R 217 5 72 (Bntry 9, Table 18). T7/ab B, &
URRIEKMN & DBEB O DABNHIUL, BRE O RBEOKZ WHEENY L 7ICERD
RENDIET TH D, RIATOIER. Ac,S B TEABIEFET 2V O 0@PhintERks
B, HEESNIET LT E(4a)RARY MV EFEEIT—E L 7=(MS [M+H]* 267. BC-NMR,
C=0:0161.81 XU '"HNMR). Z#&D Ac,S B TRIET B YL 7 ICHEETFMNR DA E
NTNWRRNWIENHSNER ST, Thbb, BKRBUETERTZYL 7 OBED
SIOAUEEFULSICEBETINTE ROFININEICHRTE ZENHBRBI N, &
PUIFRMRICA Y ORERREL TEAD &, HERIIINVEHED C-0 S DOHER
DBIERYPUETHEZ > TWBEEELL T3 (Figure 1).

—H. ER 0=V 5 OFEHEZE AcyS BN Ac,0O THREL 2 & E MBS F—
DIIEEE T HEIEN(Q) &R D T LAHIR 2 (Entries 5 and 9), FEMED 2 ¥ O#iE(10)&
D RKEERIC L BT tFIALICHT B RIS Z FRIT S &, (10)IIdsRgEERr s LT
FHSIPVROL—TNVBREIRT IVERND D, MEOREMEZ LTS EHS
MIZ3R/T I D ERORBEDNBE VD, (D ERIIT—FIVBBEANDIRAL 2 ERL TS,
- F72QDHIEIL Guanidinium salt (1a)4 5 Guanidinium ylide DR ZRS RELTVS
(Scheme 1),

~AcX, X=0or S

10

'BuO

Figure 1  Origin of oxygen in urea (4a)

RIZBRIEKY DRIGEICER T 2 &2 OSERENE L TRSEN T2 5 &I
FREEDQT D2V D OAOEBBERNES Rof. ERIOR, EREABRRIDLTOE
{720, SiO,EEFU 91%%E TM LU /= (Entries 5-8, reaction time: 0.3—15 h, ee: 87—
91%ee)e ZAUIFREAEDAE OEEQ0)H 5 FRLERIGERVBEROQORIEEGHE
TEZBE, IF TV P VROL—TIVEREM(AICH-0-O)ND T AL, ARk
57 VUTVEEDRIGERTRODENEBERERE THDIZLEEKRLTWS, ZC
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THI—DOHRERMOTREEZBTELTBEL N, 7205 TMG OF I kick>T
ERTBHIVRIBD, FIREENS T DU DU BS RIREMIEL TNS TS
%(Scheme 7)o T DARFICHEAIL, FREGENST IV DV IREZERMELS BHERIX
B KW O SARREE DB U CRISHN TS & 2512 TMG OF 2 IWEISELS 2D, Zhiz
EBHNRUBDERDE 2B LEIRTE S,

Hey RGO,

+ (RCO);0 +  RCOOH
MezN NM62 MezN NM92

™G
Scheme 7  Acylation of TMG with (RCO),0

FFRHAICREN Ac,0 2HIE L TIORGRTERT SHBOBEFEL TH 5, N
FPREADFSE(Step 1)IT TMG 1.leq. IMPFREAENST DU D UICESDREG(Step 2) T
A0 22eq Z2FEAL TWAHDT, {L¥EERMVICERTIHROBRARIL 0.1eq. TH D, T
DRREHEND BT, FIRITENFREEZHAEL, I)LR B & LT HOAe & ‘BuCOOH
EHRMUTT DU I ANOFEIME T 50 E DBt L7z (Table 19)e Ac,0 2.2eq. DHID S
HOAc 0.1eq. TREIEVESE IS BRNWEEE L. B&AJIC 2.2¢q. DFED HOAc 1.1eq. &R
MU72, ZNTHER 30 5 THEEDERFL., 51T HOAC 1.leq.ZBMLU % 30 2
CEHAET U (B8 1B, —H. Ac0 2.2eq LB TIIEE 20min TRISMET LT
V3% D T(Entry 5, Table 18). tPF'WMHBY&“U VVIEBEBRTEIERL TWEDIRE
$HEKY) & E ZB. 'BuCOOH DIFEITIE. #FIDN S 2.2eq. 2 AN THMIMNFHEDOHEET
EiR 24 FFHIZE L, Bk & l:/\}lxwo) pKa (HOAc: pKa 4.77, ‘BuCOOH: pKa 5.04) &% & L
THIUFRNRRPEBNTNS BN, Lewis B DFil & U T BF; B0 138 HICERH
ZEL, NEBE, T,

26




Table 19  Conversion of the intermediate into aziridines with carboxylic acids

+ t
PV f CHO COOBu
Ph” N COOBu 1) TMG 1.1eq. N((
inTHF, . pf -
MeN NMe Br- +
\ r o 2) RCOOH /
CHClg, rt 0
Ph Ph o—/ 5—/
1a 2a 3a
X
MeN NMe
+ ¥w<
Phi  Ph
4a
Entry Carboxylic Equivalents Reaction Trans-aziridine Cis-aziridine  Urea 4a
acids Time at Step2  Yield" %ee’ Yield® %ee®  Yield
1 AcOH 1.1eq. 30 min® -- -- --
7 + 1.1eq. 30 min° 81.2% 83.4 6.8% - 88.6%
2 BuCOOH 2.2eq. 24h 87.9% 92.4 8.3% - 91.4%
3 BFsEt20 2.2eq. 40 h 172% 84.2 23.0% 889 72.0%

¢ Determined by quantitative HPLC. ° Determined by chiral HPLC. ¢ Isolated yield ¢ The intermediate
remained on TLC. ¢ The intermediate disappeared on TLC. Not measured.

BAH FHEETINTE REEOD p-BHREDIR
B1IE BREKYEL T A0 2R WA EEDZE#

INETTEROF—INIRDNTOT—IVREE S, SHIEFERTINT b RE
HE2EATRNEZEDD LU, Z0EEQT VIMERICRERTOF—)VHEDHH
EIZOWTRBRISEDTE > LBKERER NS Z &I L. 5 L TRIBFLITBY
DUAIBEEERTD, WL O p-BRNZXTNFTE REANTRAET> 2T
A, WFNOBE S BIFRNETY DV D08 5372 (Table 20). & D BEFHES5HEOEMR
H L UTNMe, -NE, EbFHEINALN, TOUIEBSNANDZ(Ety 1), TR
Guanidinium salt (1a) = EE 7L 7 & RORBIZE B F RO HET25C, 5h). BET I T
L RRSBICEGFEL 2O TH 5. #l 21 p-Me,NCH,CHO 3.5eq. 2 U THREEDER

BE(Sh). INZE A0 LB L THERBEGY L D p-Me,NCH,CHO 3.34eq. N ENL E 31
7Zo TRHBEE 1.0eq CHHEFERNT T THRETIINTE RE 35eq. AL TH, FH
RO RRIL 4 BB (12)D 16% L DET LD o 72,
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Table20 In CHC13, conversion of the intermediates from various aldehydes into
aziridines by Ac,0 treatment

..|._
VAN
Ph/\)l]l\ COO'Bu 1) TMG 1.1eq. Cco0%Bu
/THF, 25C,5h /N
MEN_‘ NMe g~ 2)Ac,022eq. N
PR Ph R / CHClg, rt R
1a 2 3
X
4 MeN NMe
PK  'Ph
4a

Entry p-R Timein  trans-Aziridine cis-Aziridine  Ratio of Recovery Yield of
of 2 Step2[h] Yield [%]° %ee’ Yield [%]° %ee’ trans [%]° of 2 [%]°  4a[%]"
d .

CO.Me (h) 17.5% 282 717 521 786 35.1 None 69.4
CN(G) 17.5 346 322 176 156 66.3 None 50.0
NO, (j) 49’ 41.4 114 287 9.6 59.1 None 66.7
10 Ci(g) 24 28.3 796 641 855 30.6 None 92.2

“ Isolated yield ° Determined by chiral HPLC ° [ Yield of trans-Aziridine / (Yield of trans-Aziridine + Yield
of cis-Aziridine)] X 100 ¢ No aziridine product is formed even with an excess of 2b (3.5 M eq.). The same
result is obtained when p-diethylaminobenzaldeh;dc is used. ¢ Not measured. / After 1.5h, the intermediate
remained on TLC. # Crude 4a was not purified. After 3h, the intermediate remained on TLC. * After 38h,
trace amount of the intermediate was observed on TLC.” SiO, treatment: SiO; (3 g) in CHCL; (10 mL)

1 NMey(b) 0.5 ¢ - -- -- 95.5 -
2 O0"Bu(c) 05 64.0 91.9 2.8 ¢ 95.8 29.2 80.8
3 OMe(d) 05 76.7 91.0 3.8 ¢ 95.3 115 64.7
4 CHs(e) 15 306 92.6 449  90.0 40.5 None  90.0
5  H() 3 21.7 878 578 863 273 None  quant.
6 Cl(g) 17 328 835 591  86.4 35.7 None g

7

8

9

Table 20 128V 2 HREMEDAK S EAOF— ) JNIZWEIR 5h TT o =28 BFESHD
BEREATIIEE T VT & RWEE L (Bntries 1-3). BEFRSMEOBHREA TIIEE 7 L5
bt RASHE L Jz(Entries 6-9). B ZIX R = 0"Bu, OMe Tld. Ac,0 LEZICHBE 7 LT E R
ELT, ENTN292% K K 11.5%NEIR S N7z, —7H. Urea da DEINA—E LizWER
BRIZ 4 Tt (L) ORRSEY EBONDRIEY EOHBNRETH D TH S,
CTHREN ST DU P B BRIEKEICER T3 L BT HEEN S BTFHREIEICH
BDITLEN- T, HHEDOHERICETSRENEZ>TWS, L7 AT L ABRE
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(trans | cis)lTDONTHEFRFIRIZIRBITHES T cis-D LR L(Entry 5: R=H T
Ratio of trans 273%W /N §TI2D B cis-EKDVBK). DNWTER pansENERL TS 3
(Entries 7-8). & 51T R=CLIZEET % & Si0, B TH cis-HHESE L (Bntry 10). ER LT
trans-’ O cis-7 P P> DF 5 )L H S5 A(DAICEL CHIRALCEL OD-H)IZX 57 # kD,
Ac,0 S L Si0, ERIIF USIARBRIE THIT L T B EMNHBAL =, T MLE
T trans-BTIIRFFRI OB WG OSBRI B TEEEAE U THZIN, cisfkT
(SRR D B E OSBRI EE ST R Bk L TREI N,

BLEH A0 EIZ XA MINPRE®NE TSy DY IZZE 5 IEFE(Step 2)D HEHERRY

CCTAQO MBIT R BAINHREN 5T DU D 210 2 RSB (Step 2) D EHEREIT
DNTER D, EROF—IDEDOHEKE Ac,0 QL ZBICIE. 72U PUNDEH
IVERINTIERT LR TERASE T Lin(REE 3 £ 2 8). ChRTILTE REED
p-BMENETHENETHZHEEIUTED. RO ETHEEEREDBA LAY OR
[ 10 D 0-7 2 F VLA Step 2 DEEEBMEEE 2 5N 5 (KB 3 853 B, —F. p-
JHUENZZXTIVTE RReBKPEIED Ac,0 MUETIZ, 7 2 ILAESE Y Ac,0 DEF
ICBRPND 5T 17h BITEBHE T ZHER L T 5 (Bntry 6, Table 20). & FULR & OEHEY
BEASZ E ORI 10 O 0-7 2 F AL SBIT U R TESD, 25 L TEKEN
CEREATF IV TR trans-T PV PO BBRELEDITH LT, p-7 OOR> T LT
EREOTR cis- 7 PU D UDEBEL T,

FIE AO LB LB MIFEGD S T DU 2 2 ICE 2B (Step 2) D AL

Step 2 DIELEMZBEEEATEET, ERLAEFINETIY DL OMHRES
BT 2 LB TEETH S, I THICERMOEMEENREINTNS Sio,
WEIEDLEET I 72012, FETINTERELTRIZTIVTE RERWEFBEITHE
HU7Z. ZZTHERLE trans-BR W cis-7 2V 2> DF 5 )17 5 A(DAICEL CHIRALCEL
OD-H)IZK BT L D . Ac,0 ALE (Entry 5, Table 20) & Si0, EZF U LT > FA BT
ETLTWLENHAL K, §72b5, MLEET trans- K cis-7 1) D231z, [R5
FIOENT OEBAENEERRMEA L UTHRRE N, COBEEFERTF > F4v—
DOFEXECE 258 L TEUFITR L7 (Scheme 8). trans- K THN cis-kTHN., TSI
D C2MDOMENEENR TH DI ERELF >FFI—THEBLTNDS, 2O REBNE
EDORRATRLEMES DBRICE BN, T OREI Step 1 DX E 1R REI10) D 4
FICTEREND DD TH S, £7= Table 20 D ce & F.2 L EREDETFHRBEICES TR
AEEA T rans-B W cis-7 PV P> DEE TIRIEF L ee 2 52 THBD . BHEO LI LL
35 ee IXBTEBIEIC/R B IS TEDEIZFD U TV % (Bntries 4-9)o 2315 DILR{LEEAY
FRP SRS NI Pce E1. Step 1 DIRF-RERESTRIEOLAE RIS 72D 4

29




AU RETLTE FOEBRIEICERL TW3 EERTE S,

A t ‘
PN "COOBU 4y 111G 1.1eq. R _-COOBu N
/ THF, 25°C, 5h N <= -
MeN” “NMe p - e P e
2) Ac,0 2.2eq.
PR Ph CHO/ CHClg, 1t
1a trans-(2R, 35)-3f cis-(2R, 3R)-3f

_|_.

2f

Scheme 8  Absolute configuration of the aziridines from benzaldehyde

FAWE prunNCXT T e REEE E UAINP RGO RERENT Ot

EAROF— VBRI REEOBERITN D TN ED 0 /2 D(EEE 2 #). AcO
WEOENREHENS X 0RERNENEFHIND prooRy X7 ILFE RQge
1a B S ORMABEKICONWTEOREZMFTHZEIC L, B 1 HTRREZLSIC 28
3R D A 51, Si0, LEE WL Ac,0 EITHDD 5T cis-7T DU P VBERL TE
KB, ZOBERO—DELUTHMPBER ST ZF LAY —BEY TEDLEN cis-ik
& trans-KDERERITIRKMENS NI BZINH D, ZOHAICOWTHHIZT TICE
KZLUTHBD, FHEEOEEANRY U & HEEN 103 DREMTH2EEHER L. Si0,
WMEIZ XD cis-F’e W trans-7 VU D 2 DERILEN 5135 THBHIENS ZDRFEEEL
Ty (Entry 1, Table 21), € Z T OEEDOERERZIT > Tz, PEED ARG T,

Table 21  In CHCI3, conversion of the intermediate from p-CICcH4CHO (2g) into
aziridines
<General conditions> l
Me-N quaternary salt (1a) 101.3mg(1.02eq.), 2g 25.3mg(1.00eq.), TMG 1.10eq.(25uL,
GU1216A) in THF 35uL (added dropwise for ~15min), THF total 400pl(=365+35), 25°C, 5h’

Entry SiO; or Ac,0 Equivalents  Reaction  7Trams-aziridine Cis-aziridine
treatment Time  Yield [%]° %ee® Yield [%]° %ee
1° Silica gel / CHCl; 3.0g/10mL -- 34.9 59 509 --
2 Ac,0/CHCI; 10mL 2.2eq. 17 1* 32.8 83.5 591 864
3 Silica gel / CHCl, 3.0g /10mL 24h 221 84.0 55.4° 864

“ Isolated yield ° Determined by chiral HPLC. ¢ Hada’s deta: From Table 18 “ After 1.5h, the intermediate
remained on TLC. ¢ Yield of Urea (4a) 69.6%
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va— I LAEBLTCHEAZRDHL, 'H NMR 2RIELZ. ZOE, FEHOLE
27 MEEBEERICHEE LS00 Z0RAHIE 10:1.8 Tho 2. BELNER SO
i BEEATLC EF A U S 7 LT3 70, Bs IBEEADREDAH LD BDE
EHbhiz, $EEBINMRYNEQOREETS S 2 E2HIET 570, Sio, LHET 3
ERRED cis-T DU P BB LU TARL Z(Entry 3) BAEXODPHDOELZED ., IIHH
KODTAFLAI—RBERN, TVOU P OERICRBRINZ N & 2 BERRETS
ZENHSRED, FOMEERET S Z kRN o .

EHEHI VT AMU RRKBAETY DU D UERO Kb

INET, 1) Step 1 KT Step 2 WHEERRAIFIE THEIT T 5 T &L(5E 5 B 2 Hi%E 4 TH).
2) BlAET % Urea (42) DL FE DEIR. 3) FRMEN ST DU D UICES RIGOEEEM . 4) &£
RLET U D OSIHEEE, KDOWTHUTER, ZITINSOERE DL ERED
ERERETFELGVWEERZDOHOKIGEEZIEE T 5, N5 OB p-BHRA
A7 NTE ROBREOBTFHHERIKET 52D, BREZ 4 DOT ) —T12/3 Tk
N2,

E1EH BLWETHRSEBEHREZE T 555 (Group A: R = 0"Bu, OMe)

BIICBWETHESEZETIHFELRT VT & R(2c, 2d)DHRETH B(Scheme 9). i1
% Group A ETBHEENRS AT AT U ABREE T O FAEREZRLTVS
(Table 20)s £9 48 1a 925 TMG ICE > THER LMY R RICE)-EEZRELT. £
® Re-face [Re(G)]|& 7 VT & R 2 D Re-face [Re(A)|D KUSIZ L D A E T HRME 10 DARZE
# Z % (Scheme 8)o T J R 12 T Re-face ZIKE L7z DL, 447 Ph EDEEIT L > T N-Me
EN 5 BREEMS Ph BEORBWAHMICETIN., TNE>TRIBT AT/ —JVEED
Si-face MBS NS0 THS5. COHEHBRECKIDERTSTPUY T D REELX
EOhEHEANDOBITICKLD trans-HEIEES, bLITTIU R R IKQ)-BEZKEL
FELTH, BRT7DUDO REBNHRIND XD BHERETRET S Z LR
%, —H. TYIVTE R 2 T Reface RIGEICLEDE,. TUR1R2OPhEETITER
DFBEBOMARFEEEBL TOIETH B, TLTIO Step 1 EIFFEITENZDEER
HEREL<RD. ZNIZTDOEEEN ee IR SN D, Step 1 DRISEEIEN I &1, Table
20 CTHHAFAERICRRIGO T IV T £ RRBRRIN, Ac,0 UERICENEND I EE—~
B9 % (Bntries 2-3)e T35 U TERL AHINH AL Step 2 DEREEFETH 2 A B A
10 DFFTVUPURBRI—FIVBEND 0-7 EFILERT. ChICKDBENEER
EHOS, COEBMENMT S0 35V PO REROBEEBSICE D REEN
CUNEBRENEL., BEHCTNTERHEBRE RNV IREHEGVRARL T
trans-(2R3S)-7 XU P> Bed)ET VY (da)MMERT B, DR C-0 fEF DARE—HR
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i BEFHRERETI > TREMINERCDNAF I ROEDRGICEZ S EBbh.
Step 2 DEWRISFILZ T~ T3, EROEE T3 HEN T EAME &Rk eI
KD AETHEEDOILEPREESND20, DTFTIRINE Sy BEERERE 10T 5,
BT 2272 b7 IV M) BELO T EFVERTEF— N oF ok
D TERI NS0 Ac,0 BEET BN, ZHUZ Step 2 4% Ac,0 KSR RS TR %
AIREME R L T D, LALIRHS, EEITIE 22 2Bl TS, ZOERO—DIZ
BB L DBEDIROEZ SNDH, THF 4 f5TH 22eq 2 BEL 2 ERE X5 & (Table
17 ER LT D1 2 VBNEE DO REEEIIAD T 2 LSS E 5720 & Ebh
7ze

AETHEE 10 OFFH VY D2 3 BRI, TOIT—F BRI D bHREIENRN
720, ERNOT EFIENEYERIN. LHALENSE, Z08BE. REEZY I R
BRLRDED, TOREERCH L CEEZETA2EENS Mo, £/ 7 O, 10 D1
IFTVYDVERNOTEFIMEIZONT, EDLSICEI 30 bEEE -7,
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Ph Me
N’
Bn
1a base Ph N \Aﬁ/
- : O \ H O
+ e <
12 Me H-
2c or 2d very slow -
Re(G)-Re(A) approach
(step 1) OR , |

—

P h,, Me

Ph, /MeB )
n "
_—<\N N/ t — ' B‘I\ + /Bn t
P )(_7002 Bu P = oy Bu
Me Ar “Me O <

H
- 10 Ar I

N 1

Ac0 i very rapid (step 2)

Bn
— —_ N .
N— ~CQO,Bu
Ph ’MeIBn‘ \7‘ 2
"(Z' <\ f Sni
Me "D, retention
¥ ..C=0
AcO’) \MGQ OR
trans-(2R,35)-3c, d
L OR
_ |
i Ph, Me ]
ALY
I .
Ph N)\ O0—C-Me 4a
Me  AcO-’ |
13

Scheme 9  Mechanistic consideration for the aziridine production in group A
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B 21H Ssm%ﬁ’—&%’l‘ﬁk?ﬁ?ﬁ%%ﬁ?Zsb%é\((}mup C: R = Cl, CO,Me)

mamOEE B, 0 ICBNETREIE2E T3 EERT LA R(2g, 2h)ZEED kT3,
CNZ Group C ETBEIADT AF LA BB EEFEFLETF CFFBREERL
THD. Step 2 DRASHEEIIE 735 T U B (Table 20). Step 2 DRIBEEEAD Group A K1
FLSBBOoTWREREELSE, KIS OE D TMARRREIIR U o7, Step
2 OHRERENEREOBETFHHRICL > CHORRBICET LIz &tms, = 51z
AETHREEK 10 OBEF T, 20k BREBEREDREZICTVESERARS &, 77
FHRBRR-NDVREREDRDEEEZIDTUNE, BE< 20 C-O BREOHAZSE
DBRFEDS Step 2 DELEBRBEIZEE LT3 SfESHRX N5,

Group C IZBWTH Group A & [FHRIC X ¥ O HEHAD B RkASE % 5#1%(Scheme 10), {2
LIDHE, BETRIECIS>TTILTE ROREHERBE LTINS =5, Step 1 DFEEN
H< 72 THBRMEIETFEF L. EBLET S Re(G)-Re(A)Y 7T —FIZIR U > T Re(G)-Si(A)
7T O—F bR BEEE, trans-A ¥ O HEHER T T < cis- A E ORI ETERT B,
COEBREQE TR, BTFESETHHARESRICT LT R TLC FREL T Ac,0
WERIZERENDDICK L. BTEIIE T Step 1 TTIVFE KA LTS ER#E
RE—HKT B(Table 20). T35 UTHERL 2 AMHEIKIZZ © Ofs 10 DFFHIY D
RL-FTIVEBERND 0-7TEFIILEZI 20, BIRBEEHT 275 Group A DX 57z
NEDNAFHRDT VT & RERER-N > DIV REES DR —BEEIR T nic<
ST TNB, ZThOZ A IFV Y DU BEROREEELST LS C(spiro)-N(oxazolidine)
MEORRE, BRUEY I Doy ARBKk)EEL, BERENS 2 BEOREICE
B2, TOUTERLERBEERT =421k, 2hIEEHEREALTLA W
C(benzyl)-O(oxazolidine)ti & & K FE L. Sx2 #ED back-attack HHEZ B, ZHUc k> TEER
trans-(4R,58)-FFH U D 2 X ¥ O HEK10)D C-5 MO REREST cis-(2R,3R)-7 PV
PrEe WPBELTERTHIEITRD, PUETLE ee . HN Step 1 IZBIT B854
RS ERIUE. 41 21 Si(G)-Re(A) 7 7O —F, 12k THETNS,
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la rapid

+

2g or 2h (step 1)

EWG = Cl or CO,Me

Scheme 10

———

—

Ph

Me

/&"/ 8n

\ H

l\/]e M %2/0.

EWG

OBu

+

Me

e
Ho\
H”

0
Me

o

0Bu

EWG

Re(G)-Re(A) > Re(G)-Si(A)

A02 0]

slow

(step 2)

SN2 like

I

et R

inversion

lrans > cis

Bn

\Ng,coz’su

EWG

cis-(2R,3R)-3¢g,h > trans-(2A,35)-3g,h

Mechanistic consideration for the aziridine production in group C

BIH PFUETHREMBHERVOEBROES (Group B: R = Me, H)

KIZR = Me, H (2, 20)DFE

ZGroup B & B &, DT RAFLUABRME trans D5 cis

BRIZEDDDDH D, T FABRMEIIIZIFE WVES R LU T\ 3(Table 20). Ac,0
WIEIZ XD Step 2 IFELBRAIR VY, B ee fEIT Group A L[FIERIZEVY Step 112K 5 Re(G)-
Re(A)7 7O —FIZL BB VEBREIC K> THEA X N3 (Scheme 11)e LA LIRAS 11
T AT LA BRI, BROBTEHSEREH TS Group A ICHL TRH SN/ sy KD
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HMZBEATERHATER Y. TIT rans-TPU DV OEIGERD & 3d (95%) >> 3¢
(41%) > 3f (27%) DIE T L TH D (Bntries 3-5, Table 20). Z UL p-BREDBTHEHED
BATHIEL TS, ZOBFHESMEDHED & Group A LD H Group B TE<L 725 Step 2
D FORKEFEE. Group C T/RE Nz S22 BIRISEENB N TN A EZEREEI® 5, Sy kO
Sn2 BB D ILEE Group B IZBITBBENI T AT LVABREERSIERILTWEDTH
5(Scheme 10). Z DHEFRIL, p-BHMNR DN 70T 1 ROEBRREAIC K D REEH IS
CBNT, BREDETHHEEICE > TSI N5 SR ANOEBOEMRI B ENIHEE
KL THXIFEND N ITINT e REOIZERTp- VT IVT & R(26) THE W trans-
BUEAROBEIGIR. Shi WRBICRIBIXRDIVAIFF UREBBIREZ BTG AFILEN
REXTDIETHENICHHASINDG., 2B Sy KU S22 OEEOHFIZOVWTIE, KE
Hammett studies {2 &> TX DEAKIZRIND,

Ph, /Me
1a —N B ; -
1 base th<\ N 00,
* N
2e or 2f slow Me
Re(G)-Re(A) approach Q
(step 1)
X=Me, H — 10 X -
Ac,0 rapid
(step 2)
see, Scheme 8 see, Scheme 9
(Sni like) J (SN2 like)
¥
Bn Bn_ f
\N\7‘ CO,'Bu N—~CO,Bu
: <
X X
trans-(2R,39)-3e, f cis-(2R,3A)-3e, f

Scheme 11  Mechanistic consideration for the aziridine production in group B
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%4 BETREEE Y 24 T 548 (Group D: R = CN, NO;)|

E:#%1C R = CN, NO, (2i, 2)) D¥EE % Group D & T B, TF 2 FARFEIIKL, Step2 D
RIS IR I BV (Table 20)e 7 AT LABREIEN 2 Z LITET D trans-BHUHE
ERLTVS, BN FABIRER. BhRETFRIIZRICILETIVTE ROMEEL
12 &> T Step 1 DRIEAIEEICEL 720, EBFENELIKTT 52 & TABICHIIE
ND, trans-7 PV T DEFITDNTIE, Scheme 11 IR L7z, Step 2 D RIENIERITE
SirbE, ERD 3 DOPEERARD, SR BRBOEETH ST I DP2T LAFREEL4)
& A ¥ OHREQ0) ORI DBNEEDOFENEDN S, ZOFETETF IV Y IR C5
MORENRD > VETT S, ZITEDRLER cis-AFTV DD VRPMAEKICKD
HELWanti-BleBZ AT 5L b nREERQYICHFE SN, O erythro-(14)METTENT S\2
BRBEOEBE ER> TRIEL. trans-7 PV PVINERT 5.
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- Ph, Me Ph,  Me ]
“—N Bn \ ~—N /Bn
1a base Ph—,()rN C02 Bu Ph_,_(\)rN '.“‘\\COQ Bu
N .
+ E— N:I 0] + M O‘Z
. e e
2ior 2] very rapid
(step 1)
L EWG 10 EWG |
EWG=CN, NO, Re(G)-Re(A) > Re(G)-Si(A) Si(G)-Si(A) > Si(G)-Re(A)
/ hex0 \\ \
(step 2) \\
Ph, Me B Ph, +,Me ||3n trans-(25,3R)-3
%, {\l . H 'I\l-. \hj 6+‘)H/N- CiS-(2S,33)"3
Ph N)\Q)‘g—// CO,Bu Ph N)\ QJ -..__j-/4002tBu
Me 5 Ac Ar Me 5. Ac Ar
AcO) AcO.)
14 (erythro) 14 (threo)
Il [
BnN- BnN-
Ar H' H Ar
H CO,'Bu H CO,'Bu
RO* RO*
L from cis-oxazolidine L from trans-oxazolidine __|
l very slow  Sp2 like
Bn\ Bn\ 1
N\TCOQtBU N S COz Bu
>
EWG EWG
trans-(2R,35)-3 cis-(2R,3A)-3

Scheme 12 Mechanistic consideration for the aziridine formation in group D
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% 7E Hammett studies

MECBWTT TV TLM Y RCEBRET DU PV ERRIGOERERZD DR
W& LTS RO T Sy2 R 218 H L7z, & 2 TIN5 OF5R 2 H:IT Hammett analysis
EE&Q%‘?;O

% 1 #i Hammett analysis of the diastreoselectivity (Sxi and Sx2 on Step 2)

CNETOHBREDHEEAN ST DU P UICED Step2 Tldy TIT b REHD p-E#
EOBFHPDEN, RISEERCERTEZT PV IOV T AT LA BEREICDNWTXKE
W BEEEC A EEHLNCLTER, TITIOVT AT VA BRI L BRAEK

0, VT DT, Hammett analysis 2175 Z&IC Uz, KTERLL rrans- 7 2PV D2 & cis-
72U DL ORI BN SRR EEN RN &0 5 RERBIREEE T T trans / cis DI
ROMTPT AT VAT ) Yo | Y130 TDEE Sy RS2 R %58 L 7= trans | cis
DIHREEDHE KRBT S, 2 TIDLDODTI trans-K%E & 572D Step 2 D RISE
ERNE NI rans-KNBETHDTH D, DNWT OV TATLFR—LL dr = (Yoans
| Ya) DX E INS DT Oy MIES 72D T log(dr)ASEE Syi #EF(Scheme 8) & Sy2
33 (Scheme 9)@@%&"%“ ICRITHEBREMOBHI R F—EZREBLTNDINS
THbH, *

Table 20 & ¥ Hammett plots Z17 > 7= #& R %75 T (Figure 2). 7 1y M3 p-BIRELITEFL
T E R3S HEBHHEE O BNDDER 2 HRIR L® = 091 for EDGs, R* = 0.80
for EWGs)e —DDEMO—H1, BFHEEA THENKICRKERADHEE(-108)ER L.
5 V3 BT BTN S BRIEOEEH0.87) 2R LTS, 1 v OB DEE

BFEEERT T REKRBR-R D DIVRBE-EDOR S INATFF I HRORERER
ETBI LIk Tar BHT &, RUBREBRHEO 0-7 2L K 2BR LOKRERE
DEHFORECFELARN. D—F, BFRSIEMOHEIMHNC/NS IREOEE I LB
TH D, REEED S B KNEE T, cs-ROERBEERBHREOETHRINENHET
IHE> TR o TWAN S, FBEIEED L5 72§ N (concave upwards)ZRT
T TH B, LALENS, EBICREOEEETELLTWS, T cis-FOERA,
FREIOORSEROBRICL BT TR, HDICERT 3 X 0 RHAFOERRE
HEBINDLEDTH D, HERENEZ> TERLEZEDMPOAEOHFREEIR. BN
ST AFLAT—TH V., ZNENN trans- K W cis-KE G ZTHRENTO Y MTRREN
~RTHD, T ERTRRZZDORIGREOWEL T, 7VU Y I RPREEICBITS
REEFHEOT 2 RERTH D, ZORRIFEFROBRENRZEZZITRWIEL
BB, o THENSFHINBLIIC, BRECIXIBETFHREEEZZITTNSDI,
KK EEZTBROR S DIIRETH S, BTESIEMOEFI/NSREZORETS
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3 RIS LERA) DBBIREICB N TR EREWORE 2D S2 D back-attack

E—BL T B(Scheme 9). LA LDFERAN 5, Hammett study 1358 IT3RH L= =D DHgk %
XFLTNVS,

2.000
y = -10.820x - 1.908
1.500 OB R*=0.911
1.000 |
= y = +0.871x - 0.468
N o, =-0.123 )
S 0.500 | R =0.800
Q
= anNe
0.000 a e NO2
H B ®
-0.500 F AT CO2Me
_1.000 1 1 1 L 1 1
-0.4 0 0.2 0.4 0.6 0.8 1

Figure2  Hammett plot of log(dr) vs o, for p-substituents of benzaldehydes 2.

%5 2 #i Hammett analysis of the enantioselectivity (Step 1)

Table 20 IZBNT trans-K W cis-T PV P> Dee IKDWTRB &, MUEE T trans-&
O cisFFHICREF CEERL TND, IBICBREDOEICHES trans-FR T cis-BIEED
ee TR L FOETRFMUERNIFNETRIMEEEET 5 2¢-h DHEITIIETES
HRE T/ > TZOEITELN DL, BMABTRIMEEZE TS 2 OBSICITE
FREIHEAET I > TZ OERBEICEA L TWS, ZOBERTY VU P 0T oF
FERRIEICBIT 2D 5 —D ) Hammett analysis WHEETH B Z LICKA < T DSk,
HERAVHIHSEET T, trans-3 DT F > F A —Hi(er)d, TOXE Step 1 12BIFBH
AB72 4 DOHEERIEZRE L (2R,3S)-<major> K TN2S,3R)-<minor>7 ¥ U ¥ > OIREEE
DHZRRT 5, DWT, ZOLFFAI—OME [logler))Z oD Ty Ml
DN, T loger)M 4 DOHEMBREIC LISV T AT LAY —EBREMOBEH IR
FoEITEEBERL TRINS5THD. RT3 BREE R, VITHL T logler)z 70
v hLl7zE s, ROERIEERITZDO T —T PNz EENE DN/~ (Figure 3).
BONEROHBIZIEEITE (R = 0923 for the left-hand side, R* = 0.991 for the
right-hand side). Fi#& T L RS> ADEZER Lz, EHIT logler) 3B REDOBTHS
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HEDHETIZHE S T(o, B D RIHIT B) k%I L. I A BEDIEZE(-0.764)%
52Tm50pE%N>27w?tP%E@@%%%%tﬂﬁéﬁ\$w3»£®%0?
VAEKRBERRCTH 20T, HENC NS I EZ VL Step 1 D11 RT ) | — rDTIL
?tR«@i&ﬁMﬁikﬁ%%mgxt;oTﬁméhrmé:&é%brwéo~f
EMTM\Eﬁ%@%?&ﬁﬁﬁ%ﬁt@ét%ormmm@%ﬁtﬁ&b\ﬁﬁ%tk
ERADEE2.1002 52 T W5, MR R EREDOE ST Step 1 I1ZBVF 5 HifH EFH
AHENRD S BFHBRICBIT L TNE - & ERBELTBY, BNETFRIIEEET 5K
BHET VT E RERHNEZEOEN C-CREBRRZ 5 SRR NI BT 2 (R0 E R & %
—¥9 5,

Z ZT Figure 3 BT HEMMA(CERDORZE: +0.401 on 0,) & Figure 2 I28V) 2250 &
(-0.123 on Q) RIE > TN B Z LITHE LT sz 5z, = DRI Step 1 DRiL A
mz&s cciamme Step 2 D73 T NRIL B K IS DR . EREOBTHHEICHT
DREREREENTDON BB N R TS & EHRLTWS, BARMICIZAE
7D Group B IZBITBE U ee LiEDONA YARDT AT VA BRENS DO DT NTH B
(55 6 B35 5 s 3 1),

1.800 ( N

1.400 ¢

2 M y=076ax 41177
= R*=0.923
~ 0.600 |- .
AN
\\CN
@\
0.200 | y=-2.098x + 1.712 \_
R%=0.991 NO:
_0.200 1 L 1 i 1 L ]
04 02 0 02 04 06 08 1

@

Figure3.  Hammett plot of log(er) in trans-3 vs Op for p-substituted benzaldehydes 2.
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BEE oMokt

BIH RISEEELTpBHRY YT ) S et

NHOWEZZEBI p-BR TNz ) D REEE WTT Y2029 A1) E DR G
ZIT o ToHER % Table 21 ICE &7,

Table 22  In CHCI;, conversion of the intermediates from various p-substituted
acetophenones into aziridines

+
N
P N~ "COOBu ToMe 1) M 1.1eq. COOBu |
N i
MeN” “NMe g -+ [THF,25C a
\ r 2) S|02 or ACQO Me v
PH Ph A 2.2eq./ CHClg, 1t R
la 16 17

O
i MeN&(NMe
Ph Ph

4a
<General conditions>
1) Me-N quaternary salt (1a) 101.3mg(1.02eq.), p-R-acetophenones 1.00eq., TMG 1.10eq.(25uL)
in THF 35pL (added dropwise for ~15min), THF total 400uL(=365+35), 25°C

2) Si0; 3.0g or Ac,0 2.2eq. in CHCl; 10mL, rt
Entry p-substituents Substrate on TLC® Treatment of Recovery of  Yield of Yield of

(R) Intermediate ketone Aziridine (17)° Urea 4a°
1 3,4-(CH.),0 (16a) Remained, 22h Si0, 24 h - - -
2 H (16b) Remained, 22h Si0,24 h - - -
3 Cl (16¢) Remained, 24h SiO; 2days - - -
4 CN (16d) Remained alittle, 24h ~ Si0, 5days 65.1% 18.7% 22.4%
5 NO, (16e) Remained a little, 25h ~ Si0, 7days £ £ £
6 F, COCF;(16f) Disappeared,3n  SiO, 3days 4 K K
7 NO; (16¢) Remained a little, 5Sh ~ Ac,O 4days  56.6% 4.1% 25.5%

“ When intermediate was prepared. ° Isolated yield © Because products were hardly observed on TLC, isolation
was not carried out.  The intermediates (2 spots) were observed on TLC without changing.
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X EIZETHRBIZIRDEI 3,4-0CH,0 BMROEER T 2 N7 =/ > Tk, PRED
BRI NE & A EXETT L7270 5 72 (Entries 1-2), & Z THIVRZNED RN Z BT 57

DIZETFHSIEL LU Tp-LIZ CLCN,NO,E2ETBT7 N7 /) BB WEE T A, CN,
NO, TRADL DT R PERETEHHDDIE- ED & FEED R ?-SEI’LL( 25
U 2279 % 2 spots, Entries 4-5). Cl THHEEOHRIHRI NN, DRDDOT N W
Y77 L 7z (Entry 3). #t< CN KT NO, HRFEERD Sio, LTI, RIGHFHNE RSB &
FRHCPREENER S N RS 2 &0 TLC EMR SNz, HRGENRET SO0,
TLC LHOTHRERMPHERINZINE DN, ERMNEDES RZ CNEIZDNWT
HEEZToelh, FRENDT DU I UBERL TWDB I &30 7= (Entry 4)

K OBATRRETFIES b2 & LU T p-F-CH,COCF; ZAWE & Z A, 25T, 3h THEES k
ZNHE LU REEORAER S NA(T U > 75 2 spots, Entry 6). SiO, LE Tld&

SBAEDIZA o Tz RITHREED R ELEEETT U 72 NO, FH3EFREHRIZ D WNWT A0 4
BERBTH, Si0, LI & FRRICPEEDRE N RS 2 EDWR I Nz (Batry 7).
T THREDNETRE LS XAERY QBB ZRAS L5, MBOT DU D DAER

CZTLEEOHERIIDVWTERT S, BH6 I THAYOHEHE 10 DERNTEE
N5 (Figure 4) ACOBENSEZEZ D LT DV P VRBRICEDIRN D PIMADERDOR
BBEN., TIVT e REEOBRED 2 MRFN ST N OBEITIE 3 RIRRICENT B
D, EDNEBEEEZTDEIECRS, —H. TPUPUVRERRT 201037 b H
e C-0 HEEVRABLRTNE RSN, ZORBTIETESEICL>THEEINSGD,
TROTEFNEOKENETFERIMEO 7 v R TERIND EISICKEREELZS
352 &%, TNIE Entry 6 THREANE B LN EZEII—FKT S, 2T
VT REEQZAWERORERNSE# TS &, PRGN TLC EZDDZARY A
AZB I END., PHEAETRE(Step HOHERENRH LD R<AWE S ITEDNE,

Benzyl carbon 2° = 3°

Arﬂ .~ AcO or S|02
Me~: g

tBug A::;‘g

Figure4  Spiro-intermediate from p-substituted acetophenones
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28 2 #i (S,5)-guanidinium salt (1) N-BH#EDZ)E

INETRRGEEZARLENORZD, V72O LEQ)O N-BBRET Me DB
DA)DHEFEALTER. LD LUKICEEOBEHEAMIERZET Lirkd, AREFTIU Y
CERKISORRSEBREOM EEERL. N-BREOIRERS ZLITLE, T
ZOZULRELUTHEAEE 4 HTER L N-Et (1b) KT N-Bn (10) %, HEIZIZ N-Me
TEWh T ABRE L LT O FARREERTEROF—IVERN. £k LZPEED
ZHUTL SiOETIT o7z, ZDHERZ Table 23 IR Y. FHEEDFHEL shBETKRTL
J2o U HS VLTI N-Bt () THEME S HBILIZ WEWAR Y MVE- 2 ER
DM 21T 5 7278, N-Bn (1) Tld N-Me (1a)&F U 24h THREGBBHEEL 2. WTNO
BREBERLETYPUDP VR RS AEBRETH D, ee id N-Bn (1c) THI 5%M L L 7z, X
HRWIENS N-benzyl HEZHM &L L-BIMEDEHN ee M LICHEZTH S ENHR
D, FERITFFARREOEHNE SN T Y oV MEBRORSNEER TN,

Table 23  Effect of N-alkyl groups on guanidinium salt (1)

WA t CHO f
/ THF,25C,5n /N

RN/U\NR - - - 0
\ B~ T o 2 Si0;/CHCl, Ph “‘“©:>
Pi  Ph - o/ n ' o

3a

[
[\
[

0
N RN&(NR
PK  Ph

s

<General conditions>

1) R-N quaternary salt (1) 1.02eq., Piperonal 27.0mg(1.00eq.), TMG 1.10eq.(25uL) in THF 35pL
(added dropwise for ~15min), THF total 400uL(=365+35), 25°C, 4 -5h

2) Si0, 3.0g in CHCl; 10mL, rt

Entry  N-alkyl Reaction Time for Trans-aziridine Cis-aziridine  Yield of
(R) Time" SiO, treat”  Yield [%]° %ee  Yield[%]°  4[%]
1 Me 4h 24h 90.4 90.6 53 -~
2 Et 5h - 3days 84.1 84.6 53 4
3 Bn 5h 24h 89.8 95.5 6.0 68.7

“For the preparation of intermediate. ° Determined by quantitative HPLC. © Isolated yield ¢ Isolation was not
conducted.
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% 3 i (S)-1,1’-Binaphthyl-2,2’-diamine T DU P> OFTH A1 > E B

FRRFINTT 2P 2 E LT C-RFMEICEWEL T OBE8) 28k L. ZOaKREH
BTz

Figure 5  Chiral Binaphthylguanidines (18)
% 1 R'=H,R®=Me, R’ =benzyl 23)DHE

FHRBFINITTZIOZT LA ) ROGREE#EL TUTORB TERERATZ. L
Lisit s, SRk TH 2HIEMQOERID £<T0 T, HRYICWD EL Z &
7 in o 7z (Scheme 13)o J1IVARZIVED Lawesson iIKIC K D C=S {LAEFT L. R
fT LIz WEE & U T Space-filling model 12 L3S, Urea (200D H)VAZ)VEEFEHE D C=0
KA 5 10920 F[H(Biirgi-Dunitz O B HFER TIZE A LB E>TH D |{EY1F
COREPHEEBIN TS 2D EBbNZEE 4 B35 3 #i55 3 H), C=SHEOMRETZ
Hg ZEOERSMNEBETIEMRIL, ZOEET I O THRETIOVEDNS LI,
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1,1'-carbonyl-

diimidazole NaH, Mel
“'NH, (CDI)/ DME / DMF
NH, y.95% y.99%
18 19

(CoCly,
/ Toluene

20 22

/ESOCI)z

/ Toluene

Lawesson's ragent
/ Toluene, y. 94%

...,,“N/Me
s

N\

Scheme 13  Synthetic approaches to the chiral binaphthylguanidine (23)

% 217 R'=H,R*=H, R’ =benzyl 24)DHE

UTFOREIZE D BRIDT Y =9 24 DERITHKRII L 7 (Scheme 14). F F )V 7oA
RES TR O EEEE UTHE 9, 2 9, Denmark’”. Verkade'™. TeradaD#EMN
5% LD, (UOBETHERHOZERIT ZEHENH D DIFEKEN. X/ 3,3-4([R)
DEMNEHRFENS.
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PhCH,NCS

CICOOEt0.9eq. N>z 'NHCOOEt /Et,0
Py 3.0eq./ y. quant.
THF, t, NH,
y. 55%
25
DMC, Et;N /
“NHCOOEt CH;CN
. 97%
NH —ph -2
N
s H
26 27
MeONa
/ MeOH /—Ph
y. 78% NH

Scheme 14  Synthesis of the chiral binaphthylguanidine (24)
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EIE

—i
s>

£

Y

PEDEDI, BHIFINARTTZIoULBREFEFRT VT E RPSORET DI D Y
BRRBORISHEBIZDOVWTIIRETR> TE k. TNSORREELDD L, UTOKIK

75,

ey

@)

®

4)

(5)

®

B a7 S UBEER DT T U MEOGREOHEER A, BOMO
TRICDOWTRERZHRET 5 2 ETREBREAROHEZM EL .

FINT TP AEERANVERE T DU P UABRKBICEN T, BEEREO
BEEREEM LXE2-OREZ2TN. THF RNICE 300 THREORWERFR

SRUEERMLE. XEIOR. ARET DV VARG AEE RO ETET T

5T &AL,

FONT TV MREFFET VT E RERAVWERET D) D ERRIBICE
B AR, SiO: T TR INR VBEKY R OANR BT VDY
WERINSZ EERHU,

p BRI NTE RERWEARRY DU Y ARREERANT. TORSHEREZ
AT RSB ETY, FERTOOHBE LT Svi KU SN2 BZIRH L 7z,
AET7 DU D ABRRIBICDOWT Hammett  analyses 21TV, TNHIEFEERZDD
RIGHHEGSN kU S\ EX R L.
AIFTYDUBREETHFINITUOTLED N7IIVFIABREL T, X
CUNERETOIF U FAEREEM LS R SRELD I EERHLI.

LT, FY VUL Y REFEET VT E RS & Uz ik OB K
MIBIC L BT D) DUAOBHRRIRICTDONT, BROGHEEM., Y OIAELF, Hammett
study &S EREERTDOORBEERIEH Lz, ELINETR. BREKDZRWHE
hOT D) DL ADERITDONWTRRTE W, FREDOS U AT IVIBIC LT OU P
DA FRIZHNT S Piperonal, p-chlorobenzaldehyde, benzaldehyde TR UM AEIR I TRIGHTHE
FTazend, DUAFINBBREKERU LS KA EOREEOFFHJY D2 T—F
NWEBERICEML T, FEEE27 VI ATRLTHD EEHEETE S,
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General.

'H (400 MHz) and C NMR (100 MHz) spectra were measured in CDCl; on either a JEOL
JNM-ALPHA 400 or a JEOL JNM-AL 400 spectrometers. High performance liquid chromatography
(HPLC) was performed on Shimadzu 10A instruments using Daicel Chiralcel OD or OD-H and
Chiralpak AD-H columns (4.6 mm X 25 cm). For thin-layer chromatography (TLC) analysis
throughout this work, Merck precoated TLC plates (silica gel 60 Fas,, 0.25mm) were used. The products
were purified by column chromatography on silica gel (FL-100D or NH-DM2035; ‘Fuji Silysia
Chemical Ltd.). Low (FABMS) and high-resolution mass spectra FABMS (HRFABMS) were performed
on JEOL JMS-HX 110A and JMS-700-T spectrometers.

In experiments requiring dry solvents, tetrahydrofuran (THF) was purchased from Kanto Chemical Co.
Inc. as “Dehydrated”. 1,1,3,3-Tetramethylguanidine (TMG) was distilled under reduced pressure prior

to use. Other simple chemicals were purchased and used as such.
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(48.55)-4,5-diphenyl-2-imidazolidinone (8, Table 3)

A mixture of diamine 7 (50.0 g, 236 mmol) and 1,2-dimethoxyethane (DME) (474 th) was heated in
an oil bath at 95 °C. To the resulting solution was added 1,1’-carbonyldiimidazole (CDI) (40.2 g, 247.8
mmol) in DME (720 mL) dropwise via cylindrical funnel. After DME (56.0 mL) was used to rinse the

walls of the funnel, the reaction mixture was stirred at 80 °C (internal temp.) for 1 h. Removal of DME

under reduced pressure at 45 °C afforded the crude prodeuct (91.54 g), which was suspended in ethyl
acetate (499 mL) at 80 °C for 30 min, and the suspension was allowed to cool to room temperature.
After cooling in an ice bath, these were filtered off, washed with ethyl acetate (459 mL), and dried in
vacuo at 35 °C to give 8 (colorless needles, 42.6 g, y. 75.9%). Physical character: see ref 5.

BAE FEIHOER

4S,55)-1,3-Dimethyl-4.5-diphenyl-2-imidazolidinone

Sodium hydride (65% in oil, 2.14 g, 58.0 mmol) was washed with n-hexane (30.0 mLX2) and
dimethyl formamide (DMF) (60.0 mL) was added. After 8 (6.00 g, 25.2 mmol) was added portionwise
to the resulting gray suspension, methyl iodide (8.23 g, 58.0 mmol) was added dropwise carefully

(exothermic) in an ice bath. After consumption of 8 by TLC analysis, mthanol (0.61 mL, 15.1 mmol)
was added. The reaction mixture was poured into aqueous hydrochloric acid (2 N HCI 85.6 mL + H,0
34.4 mL), extracted with ethyl acetate (120 mLX1, 60.0 mLX1). The combined organic phases were
washed with 20% aqueous Na,S,05 (84.8 mL X 1), H,O (100.0 mLX 1), 25% aqueous NaCl (100.0 mL.
X 1), dried over MgSOy, and concentrated under reduced pressure at 45 °C. The crude material obtained
(6.67 g) was recrystallized from methanol (7.71 mL) at 75 °C to give 4a (colorless prisms, 5.94 g, first
crystals: y. 88.6%). Second crystals (4a, 0.707 g, y. 10.5%) were obtained from the filtrate (total y.
99.1%). Physical character: see ref 4.

(45.,55)-1,3-Diethyl-4,5-diphenyl-2-imidazolidinone (4b, Scheme 3)
To a suspension of 8 (5.17 g, 21.7 mmol) in DMF (51.7 mL) were added sodium hydride (55%in oil,
2.08 g, 47.7 mmol) and ethyl iodide (7.45 g, 47.7 mmol) alternately by three times in a water bath, After

consumption of 8 by TLC analysis, mthanol (0.35 mL, 8.64 mmol) was added. The reaction mixture
was poured into aqueous hydrochloric acid (2 N HCI 73.7 mL + H,0 29.6 mL), extracted with ethyl
acetate (103 mL X1, 51.6 mL X 1). The combined organic phases were washed with H,O (86.1 mL X 1),
25% aqeous NaCl (86.1 mL X1), dried over anhydrous MgSO,, and concentrated under reduced
pressure at 45 °C. The crude dark red oil obtained (7.27 g) was dissolved in ethryl acetate (30 mL),
washed with 20% aqeous Na,S,03 (15.0 mLX1), 25% ageous NaCl (15.0 mLX 1), dried over MgSOy,,

and concentrated again under reduced pressure at 45 °C. The residual crude product (6.97 g) was
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purified by column chromatography on silica gel (FL100D: 76.7 g, 20% ethyl acetate in n-hexane as
eluent) to give 4b (colorless oil, 6.15 g, y. 96.3%): "H NMR § 0.99 (6H, t, J=7.1 Hz, N-CH,Hs), 2.83
(2H, dd, J=14.2, 7.1 Hz, N-CH,HyCH,), 3.59 (2H, dd, J=14.2, 7.1 Hz, N-CH.H,CH3), 4.27 (2H, s,
-CH(Ph)CH(Ph)-), 7.16-7.18 (4H, m, Ar-H), 7.32-7.38 (6H, m, Ar-H).

(45.55)-1,3-Dibenzyl-4,5-diphenyl-2-imidazolidinone (4c, Scheme 3)

To a suspension of sodium hydride (55% in oil, 1.43 g, 32.8 mmol) in DMF (44.4 mL) was added 8
1.77 g, 7.45 mmol) portionwise in a water bath. After addition of tetra-n-butyl ammonium iodide (1.65
g, 4.47 mmol), benzyl bromide (2.80 g, 16.4 mmol) was added dropwise. After § (1.77 g, 7.45 mmol)

was added portionwise, benzyl bromide (2.80 g, 16.4 mmol) was added dropwise again. The resulting

suspension was then stirred for 2 days and mthanol (0.24 mL, 5.93 mmol) was added. The reaction
mixture was poured into aqueous hydrochloric acid (2 N HCI 50.6 mL + H,0 20.3 mL), extracted with
ethyl acetate (80.7 mL X1, 35.4 mL.X1). The combined organic phases were washed with 20% ageous
Na,5,0; (50.0 mL X 1), H,0 (59.1 mLX1), 25% aqeous NaCl (59.1 mLX 1), dried over MgSO,, and
concentrated under reduced pressure at 45 °C. The crude material (6.78 g) was purified'by column
chromatography on silica gel (FL100D: 67.0 g, 0-3% ethyl acetate in toluene as eluent) to give 4c
(white crystals, 6.0 g, y. 96.5%): 'H NMR & 3.61 (2H, d, J=14.9 Hz, N-CH,H,Ph), 4.04 (2H, s,
-CH(Ph)CH(Ph)-), 5.08 (2H, d, J=14.9 Hz, N-CH,H,Ph), 6.95-6.97 (4H, m, Ar-H), 7.13-7.15 (4H, m,
Ar-H), 7.24-7.30 (12H, m, Ar-H).

BAE EIH FE1IHOER
-1,3-Dimethyl-4,5-diphenyl-2-chloroimidazolidinium chloride

To a suspension of 4a (3.50 g, 13.1 mmol) in toluene (dehydrated, 43.8 mL) was added oxalyl
chloride (5.14 mL, 59.0 mmol). The resulting solution was heated in an oil bath at 82 °C for 20 h under

nitrogen atmosphere. A white precipitate was observed, filtered off in a stream of nitrogen to afford 5a
(hygroscopic white solid, 4.30 g, content 93.7 wt%: 5a / 4a = 12.4 / 1 on "H NMR, y. 95.5%): "H NMR
83.21 (6H, s, N-Hs), 5.28 (2H, s, -CH(Ph)CH(Ph)-), 7.44-7.45 (6H, m, Ar-H), 7.54-7.56 (4H, m, Ar-H).

EAE FEIH FLIHEOER
(4S5,55)-1,3-Diethyl-4.5-diphenyl-2-chloroimidazolidinium chloride (5b, Table 5)

To a solution of 4b (3.33 g, 11.3 mmol) in toluene (dehydrated, 20.0 mL) was added oxalyl chloride
(3.94 mL, 45.2 mmol). The resulting solution was heated in an oil bath at 80 °C for 47 h under nitrogen

atmosphere. A white precipitate was observed, filtered off in a stream of nitrogen to afford Sb
(hygroscopic white solid, 2.01 g, content 98.3 wt%: contains 2.0 mol% of 4b on 'H NMR, y. 50.0%):
'H-NMR & 1.16 (6H, t, J=7.3 Hz, N-CH,Hs), 3.70 (4H, q, J=1.3 Hz, N-CH;H;), 5.34 (2H, s,
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-CH(Ph)CH(Ph)-), 7.45-7.47 (6H, m, Ar-H), 7.58-7.60 (4H, m, Ar-H).

BAE EIH FEIHOER

(48.55)-1.3-Dibenzyl-4,5-diphenyl-2-imidazolidinethione (4d, Table 7)
A mixture of 4¢ (2.0 g, 4.78 mmol) and Lawesson’s reagent (3.87 g, 9.56 mmol) in o-xylene (20.0
mL) was heated at 145 °C for 24 h. After consumption of 4¢ by TLC analysis, mthanol (30.0 mL) and

5% aqueous hydrochloric acid (7.7 mL) were added. The resulting biphasic solution was stirred at room

temperature overnight. The organic layer was separated, and the aqueous phase was extracted with
toluene (20.0 mLX1). The combined organic extracts were washed with H,O (30.0 mLX9), 25%
aqueous NaCl (30.0 mL X 1), dried over MgSO,, and concentrated under reduced pressure at 45 °C. The
crude pale red oil (3.08 g) was purified by column chromatography on silica gel (FL100D: 37.0 g, 2.0%
ethyl acetate in n-hexane as eluent) to give 4d (péle red crystals, 1.88 g, v. 90.5%): *H NMR & 3.77 (2H,
d, J=14.9 Hz, N-CH,HyPh), 4.30 (2H, s, -CH(Ph)CH(Ph)-), 5.88 (2H, d, J=14.9 Hz, N-CH,H,Ph),
6.95-6.99 (4H, m, Ar-H), 7.22-7.30 (16H, m, Ar-H); >C NMR § 182.4, 138.2, 135.9, 129.0, 128.6,
128.5, 128.4, 127.6, 127.0, 69.1, 48.9.

(45.55)-1.3-Dibenzyl-4,5-diphenyl-2-chloroimidazolidinium chloride (5S¢, Table 8)
To a suspension of 4d (1.88 g, 4.33 mmol) in toluene (dehydrated, 23.5 mL) was added oxalyl
chloride (3.40 mL, 39.0 mmol). The resulting solution was heated in an oil bath at 82 °C for 30 h under

nitrogen atmosphere. A white precipitate was observed, filtered off in a stream of nitrogen to afford 5S¢
(hygroscopic white solid, 1.767 g, content 97.0 wt%: contains 3.4mol% of 4¢ on ‘H NMR, y. 83.7%):
'H-NMR & 4.78 (2H, d, J=15.6 Hz, N-CH,H,Ph), 4.95 (2H, d, J=15.6 Hz, N-CH_H,Ph), 5.25 (2H, s,
-CH(Ph)CH(Ph)-), 7.03-7.07 (4H, m, Ar-H), 7.26-7.41 (16H, m, Ar-H)

BAE BIHOER

Syntheses of chiral guanidines (6):
(45.55)-1.3-Dimethyl-4,5-diphenyl-2-[(t-butoxycarbonyl)methylimino]imidazolidine (6a, Scheme 4)

To a solution of glycine ¢-butyl ester hydrochloride (1.48 g, 8.84 mmol) in dichloromethane (DCM)
(12.9 mL) was added triethylamine (5.79 mL, 41.5 mmol) in a water bath. After chiral chloride 5a (4.30
g, 12.5 mmol, content 93.7 wt%) in DCM (20.1 mL + rinsing walls: 6.4 mL) was added dropwise, the

resulting slurry was stirred for 2 h. The reaction mixture was washed with 10% aqueous citric acid (33.8
mL), and the aqueous phase was extracted with DCM (57.2 mLX1). The combined organic extracts
were dried over MgSO,, and concentrated under reduced pressure at 45 °C. The residue (4.93 g) was
extracted with HyO (42.5 mLX2), insoluble material (4a) was removed by filtration. After the
combined aqueous extracts were made to basicity (pH 12) by qddition of 5 N NaOH (2.50 mL), the
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resulting emulsion was extracted with toluene (114.0 mLX2). The combined organic extracts were
dried over anhydrous MgSO,, and evaporated in vacuo at 45 °C to give 6a (white solid, 3.26 g, y.
97.3%): "H NMR § 1.51 (94, s, -CO>C(CHs)3), 2.68 (3H, br, N-CHs), 2.78 (3H, br, N-CHs), 3.90 (2H, s,
-CH(Ph)CH(Ph)-), 4.23 (1H, d, J=18.0 Hz, -CH,H,C02Bu), 4.34 (1H, d, J=18.0 Hz, -CH,H,CO,'Bu),
7.13-7.24 (4H, m, Ar-H), 7.30-7.34 (6H, m, Ar-H).

45.58)-1,3-Diethyl-4.5-diphenyl-2-

To a solution of glycine -butyl ester hydrochloride (0.676 g, 4.03 mmol) in dichloromethane (DCM,
6.5 mL) was added triethylamine (2.64 mL, 18.9 mmol) in a water bath. After chiral chloride 5b (2.01 g,
5.55 mmol, content 98.3 wt%) in DCM (10.0 mL + rinsing walls: 3.0 mL) was added dropwise, the
resulting slurry was stirred for 1 h. The reaction mixture was washed with 10% aqueous citric acid (15.2
mL), and the aqueous phase was extracted with DCM (25.9 mLX1). The combined organic extracts
were dried over anhydrous MgSO,, and concentrated under reduced pressure at 45 °C. To the residue
(2.16 g) was added t-BuOMe (TBME, 9.50 mL), and then the organic phase was extracted with H,0
(19.6 mLX2). After the combined aqueous extracts were made to basicity (pH 14) by addition of 5 N
NaOH (5.0 mL), the resulting emulsion was extracted with toluene (44.3 mLX3). The combined
organic extracts were dried over MgSO,, and evaporated in vacuo at 45 °C. The residue (1.74g) was
purified by column chromatography on silica gel (NH-DM2035, 0.1% ethyl alcohol in toluene as
eluent) to give 6b (colorless oil, 1.51 g, y. 91.7%): 'H NMR & 0.99 (6H, t, J=7.1 Hz, N-CHHs), 1.52
(94, s, -CO,C(CHs)s), 2.87 (2H, dd, J=14.4, 7.1 Hz, N-CH,H,CH;), 3.49 (2H, br, N-CH,H,CHs), 4.10
(2H, s, -CH(Ph)CH(Ph)-), 4.21 (1H, s, -CH,CO2Bu), 7.17-7.19 (4H, m, Ar-H), 7.30-7.35 (6H, m,

To a solution of glycine ¢-butyl ester hydrochloride (0.565 g, 3.37 mmol) in dichloromethane (DCM,
6.3 mL) was added triethylamine (2.2 mL, 15.8 mmol) in a water bath. After chiral chloride Sc (1.766 g,
3.61 mmol, content 97.0 wt%) in DCM (12.9 mL + rinsing walls: 3.2 mL) was added dropwise, the
resulting slurry was stirred for 24 h. The reaction mixture was washed with 10% aqueous citric acid
(13.2 mL), and the aqueous phase was extracted with DCM (21.9 mLX1). The combined organic
extracts were dried over anhydrous MgSO,, and concentrated under reduced pressure at 45 °C. To the
residue (2.44 g) were added toluene (43.5 mL) and H,O (32.4 mL), and then the aqueous phase was
made to basicity (pH 12) by addition of 5 N NaOH (0.95 mL). After the organic layer was separated, the
aqueous phase was re-extracted with toluene (43.5 mL). The combined organic extracts were washed
with 25% aqueous NaCl (20 mLX 1), dried over MgSO,, and evaporated in vacuo at 45 °C. The residue
(2.277 g) was purified by column chromatography on silica gel (NH-DM2035: 82.1 g; 30-80% ethyl
acetate in n-hexane as eluent) to give 6c (colorless oil, 1.83 g, content 94.8 wt%: which contains 6.5
mol% of Urea 4¢ on 'H NMR, y. 96.8%): 'H NMR § 1.52 (9H, s, -CO,C(CHs)s), 3.72 (2H, br,
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N-CH,Ph), 4.04 (2H, s, -CH(Ph)CH(Ph).), 4.32 (1H, d, J=17.3 Hz, -CH,H,CO,Bu), 4.39 (1H, d,
J=17.3 Hz, -CH,H,CO,Bu), 5.08 (2H, br, N-CH,Ph), 6.94-6.98 (4H, m, Ar-H), 7.20-7.29 (16H, m,
Ar-H).

Syntheses of chiral guanidinium salts (1):
N-Methyl-N-tert-butoxycarbonylmethyl-N'
Bromide (1a, Scheme 4)

To a solution of chiral guanidine 6a (3.26 g, 8.59 mmol) in acetonitirile (34.9 mL) was added benzyl
bromide (1.12 mL, 9.45 mmol). The reaction mixture was stirred at room temperature for 4 h and
evaporated in vacuo at 45 °C. After diethyl ether (21.9 mL) was added to the residue (5.30 g), the
mixture was allowed to stand overnight at ambient temperature. White crystals were separated out,

washed with diethyl ether (21.9 mLX2) to give 1a (4.59 g, y. 97.1%). Physical character: see ref 2.

N-Ethyl-N-tert-butoxycarbonylmethyl-N',N"'-diethyl-(1(5),2(S)-diphenylethylene)guanidinium Bromide
(1b, Scheme 4) |

To a solution of chiral guanidine 6b (733 mg, 1.80 mmol) in acetonitirile (7.8 mL) was added benzyl
bromide (0.24 mL, 1.98 mmol). The reaction mixture was stirred at room temperature for 10 h and
evaporated in vacuo at 40 °C. The residue (1.23 g) was washed with diethyl ether (5.0 mLX5), and then
evaporated under reduced pressure at 40 °C to give 1b (colorless oil, 0.969 g, y. 93.1%): '"H NMR &
1.08 (6H, t, J=7.3 Hz, N-CH,H3), 1.52 (9H, s, -CO,C(CHs)s), 3.68 (2H, dd, J=14.4, 7.3 Hz,
N-CH,H,CHs), 3.83 (2H, , dd, J=14.4, 7.3 Hz, N-CH.H,CH3), 4.37 (1H, d, J=18.9 Hz, -CH,H,CO,'Bu),
4.54 (1H, d, J=18.9 Hz, -CH,H,CO,Bu), 4.60 (2H, s, -CH(Ph)CH(Ph)-), 4.88 (1H, d, J=14.6 Hz,
-CH.HyPh), 5.16 (1H, d, J=14.6 Hz, -CH H,Ph), 7.12-7.27 (4H, m, Ar-H), 7.37-7.49 (4H, m, Ar-H),
7.67-7.69 (2H, m, Ar-H).

N-Benzyl-N-tert-butoxycarbonylmethyl-N', N"-dibenzyl- -diphenylethylene)guanidinium
Bromide (1c, Scheme 4) '
To a solution of chiral guanidine 6c (300 mg, 0.564 mmel) in acetonitirile (3.2 mL) was added benzyl

bromide (73.7 pL, 0.620 mmol). The reaction mixture was stirred at room temperature for.39 h and
evaporated in vacuo at 40 °C. The residue (467.3 mg) was washed with z-butyl methyl ether (0.5 mL X
5) and diethyl ether (0.5 mL X1, 2.0 mL X 1) to give 1c (deliquescent white solid, 319.1 mg, 80.5%): 'H
NMR 3 1.54 (9H, s, -CO,C(CHs)s), 4.24 (2H, s, -CH(Ph)CH(Ph)-), 4.43 (2H, d, J=14.2 Hz, -CH,H,Ph),
4.71 (1H, d, J=18.8 Hz, -CH,H,CO,Bu), 4.88 (1H, d, J=18.8 Hz, -CH,H,CO,Bu), 5.09 (1H, d, J=14.6
Hz, N(exo)-CH,H,Ph), 5.39 (1H, d, J=14.6 Hz, N(ex0)-CH,H,Ph), 5.51 (2H, d, J=14.2 Hz, -CH,H,Ph),
6.76 (4H, d, J=7.3 Hz, Ar-H), 7.10-7.31 (16H, m, Ar-H), 7.49-7.51 (3H, m, Ar-H), 7.78-7.80 (2H, m,
Ar-H).
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BOE B HOER

Sodium hydride (55% in oil, 2.00 mg, 0.0458 mmol) was washed with #-hexane (0.20 mLX2) ina
glovebox and the solid was dried in the box for 30min, After a solution of guanidinium salt 1a (24.0 mg,
0.0436 mmol) in DMF-d; (0.50 mL + rinsing: 0.50 mLX2) was added dropwise to the solid, the
reaction was stirred at room temperature for 35 min. The solution was filtered through a glassfiber filter
paper and the yellow solution was used directly to measure "H NMR spectrum. "H-NMR § 1.16 (0.78H,
s, Not assigned), 1.44 (9H, s, -COC(CHs)s), 1.45 (1H, 5), 2.61 (6H, s, N-CHs), 3.25 (2H, , d, J=6.8 Hz),
3.78 (2H, d,J=5.9 Hz),4.24 (2H, s, -CH(Ph)CH(Ph)-), 7.23-7.43 (15H, m, Ar-H).

HLOE BIHKOELHOER

General Procedure for the Formation of Chiral Aziridines,

Treatment with SiO,. A solution of TMG (25 pL, 0.202 mM) in THF (35 uL) was dropwise added to a
solution of the (S,S)-guanidinium salt 1a (101mg, 0.184 mM) and a benzaldehyde 2 (0.180 mM) in THF
(365 pL) at 25 °C. The mixture was stirred at 25 °C for 4-5 h under nitrogen atmosphere and then SiO,
(3.0 g) was added after dilution with CHCl; (10 mL). The resulting slurry was stirred at room
temperature until disappearance of a highly polar intermediate on TLC (ethyl acetate/hexane). After
removal of the SiO, by filtration, filter cakes were successively washed with CHCl, (36 mL) and
CH3;CN (10 mL). The filtrate and the washings were combined. After evaporation, the residue was
purified by column chromatography on SiO, (ethyl acetate/hexane as eluent) to give trans- trans-3 and
cis-aziridines cis-3.

Treatment with Carboxylic Anhydrides. A solution of TMG (25 uL, 0.202 mM) in THF (35 pL) was
dropwise added to a solution of 1a (101 mg, 0.184 mM) and a benzaldehyde 2 (0.180 mM) in THF (365
uL) at 25 °C. The mixture was stirred at 25 °C for 5 h under nitrogen atmosphere. After evaporation of
THF with a stream of nitrogen, CHCl, (10 mL) was added. After addition of carboxylic anhydride
(0.405 mM) the mixture was stirred at room temperature until disappearance of a highly polar
intermediate on TLC. Evaporation of the solvent followed by purification by column chrorﬁatography
on SiO; (ethyl acetate/hexane as eluent) afforded #rans-3 and cis-3. l '
Treatment with Pivalic Acid. A highly polar intermediate was prepared from la and piperonal (2a) in
the same manner described above. A solution of pivalic acid (41.3mg, 0.405 mM) in CHCl, (1.0 mL)
was added to a solution of the intermediate in CHCl, (5.0 mL). The mixture was stirred at room
temperature for 24 h, washed with saturated NaHCO; (3.0 mL) and the upper aqueous layer was
re-extracted with CHCl; (2.0 mL X 4). The combined organic layers were dried over MgS0,, and
concentrated. The residue was purified by column chromatography on SiO, using 3%-20% ethyl acetate

in hexane to give trans-3a and cis-3a and urea 4a.
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1-Benzyl-2-tert-butoxycarbonyl-3-(3, 4-methylenedioxyphenyl)aziridine (3a).

Trans-3a: "H NMR § 7.36 (2H, d,J = 7.1 Hz, Ar-H), 7.30-7.19 (3H, m, Ar-H), 6.79 (1H, dd, J = 7.9,
1.5 Hz, Ar-H), 6.75 (1H, s, Ar-H), 6.73 (1H, d,J = 7.9 Hz, Ar-H), 5.92 (2H, s, OCH,0), 4.22 (1H, d, J
= 13.9 Hz, CHHyPh), 4.06 (1H, d, J = 13.9 Hz, CH.HyPh), 3.19 (1H, brs, C;-H), 2.64 (1H, d, J = 2.2
Hz, C;-H), 1.39 (9H, s, OC(CHs)s); °C NMR 6 167.5, 147.6, 146.8, 139.2, 132.4, 128.0, 127.9, 126.6,
119.8,107.9, 106.2, 100.8, 81.6, 54.5, 47.9, 45.5, 28.0; Anal. Calcd for CxH»NO, C, 71.37; H, 6.56; N,
3.96. Found: C, 71.04; H, 6.55; N, 3.92; HPLC analysis: Daicel Chiralcel OD, mobile phase:
hexane/2-propanol = 100 : 1, flow rate = 1.0 mL/min, detection 254 nm, retention time: 6.3 min (minor
isomer) and 7.1 min (major isomer).

Cis-3a: '"H NMR § 7.41 (2H, d,J = 7.3 Hz, Ar-H), 7.34-7.30 (2H, m, Ar-H), 7.26-7.23 (1H, m, Ar-H),
6.92 (1H, d,J = 1.5 Hz, Ar-H), 6.85 (1H, dd, J = 8.1, 1.5 Hz, Ar-H), 6.70 (1H, d, J = 8.1 Hz, Ar-H),
5.90 (2H, s, OCH0), 3.94 (1H, d, J = 13.9 Hz, CH.H,Ph), 3.54 (1H, d, J = 13.9 Hz, CH,H,Ph), 2.92
(1H, d,J = 6.8 Hz, C3-H), 2.48 (1H, d, J = 6.8 Hz, Cy-H), 1.24 (9H, s, OC(CHs)s). Cis-3a was detected
as a single peak on chiral HPLC using Daicel Chiralcel OD (mobile phase: hexane/2-propanol = 100 : 1,
flow rate = 1.0 mL/min, detection 254 nm, retention time; 15.2 min). On the other hand, chiral HPLC
analysis using Daicel Chiralpak AD-H resulted in successful separation of both enantiomers [mobile
phase: hexane/2-propanol = 50 : 1, flow rate = 1.0 mL/min, detection 254 nm, retention time: 15.5 min

(major isomer) and 17.9 min (minor isomer)].

1-Benzyl-2-tert-butoxy‘carbonyl-3-(4-butoxyphenyl)aziridine (3c) (Entry 2 in Table 20).

Trans-3c: (64% yield, 92% ee); "H NMR & 7.37 (2H, d,J = 7.3 Hz, Ar-H), 7.30-7.18 (5H, m, Ar-H),
6.82 (2H, d, J = 8.5 Hz, Ar-H), 4.24 (1H, d, J = 13.9 Hz, CH.H,Ph), 4.07 (1H, d, J = 13.9 Hz,
CH,H,Ph), 3.94 (2H, t,J = 6.5 Hz, CHy), 3.20 (1H, brs, Gs-H), 2.67 (1H, d, J = 2.2 Hz, C,-H), 1.78-1.71
(2H, m, CH,), 1.52-1.43 (2H, m, CHy), 1.39 (9H, s, OC(CHa)s), 0.97 (3H, t,J = 7.3 Hz, CHs); *C NMR
0 167.8, 158.6, 139.4, 130.3, 128.1, 127.9, 127.3, 126.6, 114.4, 81.6, 67.8, 54.6, 47.8, 45.5, 31.3, 28.0,
19.3, 13.9; HRFABMS m/z 382.2405, calcd for C.4H3,NO3 382.2382; HPLC analysis: Daicel Chiralcel
OD-H, mobile phase: hexane/2-propanol = 400 : 1, flow rate = 1.0 ml/min, detection 254 nm, retention
time: 18.7 min (minor isomer) and 20.6 min (major isomer).

Cis-3c: (2.8% yield); "H NMR  7.42 (2H, d,J = 7.3 Hz, Ar-H), 7.32-7.22 (SH, m, Ar-H), 6.79 (2H, d,J
= 8.8 Hz, Ar-H), 3.94 (1H, d, J = 13.9 Hz, CH,H,Ph), 3.92 (2H, t, J = 6.6 Hz, CH,), 3.57 (1H; 4, J =
13.9 Hz, CH,HyPh), 2.94 (1H, d, J = 6.8 Hz, C;-H), 2.48 (1H, d,J = 7.1 Hz, Cy-H), 1.77-1.70 (2H, m,
CHy), 1.56-1.42 (2H, m, CHp), 1.20 (9H, s, OC(CHs)s), 0.94 (3H, t, J = 7.3 Hz, CHs;).

1-Benzyl-2-tert-butoxycarbonyl-3-(4-methoxyphenyl)aziridine (3d) (Entry 3 in Table 20).

Trans-3d: (77% yield, 91% ee); iH NMR 8 7.37 (2H, d,J = 7.3 Hz, Ar-H), 7.30-7.20 (5H, m, Ar-H),
6.84 (2H, d, J = 8.3 Hz, Ar-H), 4.24 (1H, d, J = 13.9 Hz, CH.H,Ph), 4.08 (1H, d, J = 13.9 Hz,
CH.HyPh), 3.79 (3H, s, OCHs), 3.21 (1H, brs, C;-H), 2.67 (1H, d, J = 2.2 Hz, Cy-H), 1.39 (94, s,
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OC(CHs)s); °C NMR 6 167.7, 159.0, 139.3, 130.5, 128.1, 127.9, 127.3, 126.7, 113.7, 81.6, 55.3, 54.6,
47.8, 45.5, 28.0; HRFABMS m/z 340.1885, caled for Cy;H,6NO; 340.1913; HPLC analysis: Daicel
Chiralcel OD-H, mobile phase: hexane/2-propanol = 100 : 1, flow rate = 0.5 mL/min, detection 254 nm,
retention time: 14.1 min (minor isomer) and 15.2 min (major isomer).

Cis-3d: (3.8% yield); "H NMR § 7.43 (2H, d, J = 7.6 Hz, Ar-H), 7.33-7.21 (5H, m, Ar-H), 6.80 (2H, d,
J = 8.8 Hz, Ar-H), 3.96 (1H, d, J = 13.9 Hz, CH.HyPh), 3.77 (3H, s, OCHs), 3.56 (1H, d, J = 13.9 Hz,
CH.H,Ph), 2.95 (1H, d,J = 6.8 Hz, C5-H), 2.49 (1H, d,J = 6.8 Hz, C»-H), 1.20 (9H, s, OC(CHs),).

1-Benzyl-2-tert-butoxycarbonyl-3-(p-tolyl)aziridine (3e) (Entry 4 in Table 20).

Trans-3e: (31% yield, 93% ee); "H NMR & 7.37 (2H, d, J = 7.3 Hz, Ar-H), 7.31-7.18 (5H, m, Ar-H),
711 (2H, d, J = 7.6 Hz, Ar-H), 424 (1H, d, J = 13.9 Hz, CH.H,Ph), 4.08 (1H, d, J = 13.9 Hz,
CH.H,Ph), 3.22 (1H, brs, Cs-H), 2.69 (1H, d, J = 2.7 Hz, Cr-H), 2.32 (3H, s, CH;), 1.39 (9H, s,
OC(CH3)s); °C NMR § 167.7, 139.3, 137.0, 135.4, 128.9, 128.1, 127.9, 126.7, 126.1, 81.6, 54.7, 48.0,
45.7, 28.0, 21.2. HRFABMS m/z 324.1945, caled for Cy;Hp6NO, 324.1964. HPLC analysis: Daicel
Chiralcel OD-H, mobile phase: hexane/2-propanol = 1000 : 0.5, flow rate = 1.0 ml/min, detection 254
nm, retention time: 22.8 min (minor isomer) and 25.3 min (major isomer).

Cis-3e: (45% yield, 90% ee); '"H NMR § 7.43 (2H, d,J = 7.6 Hz, Ar-H), 7.43-7.24 (5H, m, Ar-H), 7.06
(2H, d, J = 7.8 Hz, Ar-H), 3.96 (1H, d, J = 13.9 Hz, CH,H,Ph), 3.56 (1H, d, J = 13.9 Hz, CH,H,Ph),
2.96 (1H, d, J = 7.0 Hz, C3-H), 2.50 (1H, d, J = 7.0 Hz, C-H), 2.30 (3H, s, CH3), 1.19 (9H, s,
OC(CHs)s); °C NMR 3 167.1, 137.9, 136.6, 132.0, 128.2, 128.1, 127.6, 126.9, 81.0, 63.3, 47.1, 46.7,
27.7, 21.1. HRFABMS m/z 324.1970, calcd for C;;H,eNO, 324.1964. HPLC analysis: Daicel Chiralcel
OD-H, mobile phase: hexane/2-propanol = 100 : 1, flow rate = 1.0 ml /min, detection 254 nm, retention

time: 8.7 min (minor isomer) and 11.0 min (major isomer).

1-Benzyl-2-tert-butoxycarbonyl-3-phenylaziridine (3f) (Entry 5 in Table 20).

Trans-3f: (22% yield, 88% ee); "H NMR & 7.38 (2H, d, J = 7.3 Hz, Ar-H), 7.31-7.20 (9H, m, Ar-H),
4.26 (1H, d, J = 14.2 Hz, CH,H,Ph), 4.10 (1H, d, J = 14.2 Hz, CH,H,Ph), 3.26 (1H, brs, Cs-H), 2.72
(1H, d,J = 2.7 Hz, C;-H), 1.39 (9H, s, OC(CH3)3); °C NMR 8 167.6, 139.3, 138.4, 128.3, 128.1, 127.9,
127.4,126.7, 126.2, 81.7, 54.6, 48.1, 45.8, 28.0; Anal. Calcd for C,0H,3sNO,: C, 77.64; H, 7.49; N, 4.53.
Found: C, 77.23; H, 7.51; N, 4.45; HPLC analysis: Daicel Chiralcel OD-H, mobile' phase:
hexane/2-propanol = 250 : 1, flow rate = 0.5 mL/min, detection 254 nm, retention time: 13.7 min (minor
isomer) and 14.5 min (major isomer).

Cis-3f: (58% yield, 86% ee); "H NMR § 7.46-7.39 (4H, m, Ar-H), 7.34-7.19 (6H, m, Ar-H), 3.97 (1H,
d,J = 13.8 Hz, CH.H,Ph), 3.59 (1H, d, J = 13.8 Hz, CH,H,Ph), 3.00 (1H, d,J = 7.0 Hz, Cs-H), 2.53 (1H,
d, J = 7.0 Hz, C;-H), 1.16 (9H,' s, OC(CHz)s); °C NMR § 167.0, 137.9, 135.2, 128.3, 127.8, 127.6,
127.1, 127.0, 81.1, 63.3, 47.2, 46.8, 27.8; Anal. Caled for CooHpsNO,: C, 77.64; H, 7.49; N, 4.53.
Found: C, 77.69; H, 7.57; N, 4.62; HPLC analysis: Daijcel Chiralcel OD-H, mobile phase:
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hexane/2-propanol = 100 : 1, flow rate = 1.0 mL/min, detection 254 nm, retention time: 10.1 min (minor

isomer) and 11.9 min (major isomer).

1-Benzyl-2-tert-butoxycarbonyl-S-(4-chlorophenyl)aziridine (32) (Entry 6 in Table 20).

Trans-3g: (33% yield, 84% ee); "H NMR § 7.36 (2H, d, J = 7.3 Hz, Ar-H), 7.31-7.21 (7H, m, Ar-H),
4.23 (1H, d, J = 14.0 Hz, CH,H,Ph), 4.08 (1H, d, J = 14.0 Hz, CH,HyPh), 3.22 (1H, brs, Cs-H), 2.67
(1H, d, J = 2.7 Hz, C,-H), 1.40 (9H, s, OC(CH;)s); °C NMR & 167.3, 139.1, 137.0, 133.1, 128.4, 128.2,
127.9, 127.6, 126.8, 81.9, 54.6, 47.2, 45.9, 28.0; HRFABMS m/z 344.1406, calcd for CoHo3CINO:
344.1417; HPLC analysis: Daicel Chiralcel OD-H, mobile phase: hexane/2-propanol = 300 : 1, flow
rate = 0.3 mL/min, detection 254 nm, retention time: 24.6 min (minor isomer) and 26.4 min (major
isomer).

Cis-3g: (59% yield, 86% ee); '"H NMR § 7.41 (2H, d, J = 7.3 Hz, Ar-H), 7.35-7.22 (TH, m, Ar-H), 3.97
(1H, d, J = 13.9 Hz, CH.H,Ph), 3.56 (1H, d, J = 13.9 Hz, CH,HyPh), 2.95 (1H, d, J = 6.8 Hz, C5-H),
2.54 (1H, d, J = 6.8 Hz, C;-H), 1.20 (9H, s, OC(CHs)s); C NMR § 166.7, 137.7, 133.8, 132.9, 129.2,
128.3, 127.8, 127.7, 127.1, 81.3, 63.2, 46.9, 46.5, 27.8; Anal. Calcd for CyH,,CINO,: C, 69.86; H,
6.45; N, 4.07. Found: C, 69.52; H, 6.44; N, 4.00; HPLC analysis: Daicel Chiralcel OD-H, mobile phase:
hexane/2-propanol = 500 : 1, flow rate = 1.0 mL/min, detection 254 nm, retention time: 27.7 min (major

isomer) and 30.4 min (minor isomer),

1-Benzyl-2-tert-butoxycarbonyl-3-(4-methoxycarbonylphenyl)aziridine (3h) (Entry 7 in Table 20).
Trans-3h: (28% yield, 72% ee); '"H NMR § 7.97 (2H, d, J = 8.1 Hz, Ar-H), 7.37 (2H, d, J = 8.1 Hz,
Ar-H), 7.38-7.21 (SH, m, Ar-H), 425 (1H, d, J = 13.8 Hz, CH,H,Ph), 4.10 (1H, d, J = 13.8 Hz,
CH,H,Ph), 3.90 (3H, s, COOCH3), 3.29 (1H, brs, Cs-H), 2.73 (1H, d, J = 2.2 Hz, C,-H), 1.40 (9, s,
OC(CHs)s); >C NMR & 167.2, 166.8, 143.8, 139.0, 129.6, 129.2, 128.2, 127.9, 126.8, 126.2, 82.0, 54.6,
52.1, 47.5, 46.2, 28.0; HRFABMS m/z 368.1852, calcd for Cp,HsNO,: 368.1862; HPLC analysis:
Daicel Chiralcel OD-H, mobile phase: hexane/2-propanol = 100 : 1, flow rate = 1.0 mL/min, detection
254 nm, retention time: 7.6 min (minor isomer) and 8.9 min (major isomer).

Cis-3h: (52% yield, 79% ee); "H NMR & 7.94 (2H, d, J = 8.5 Hz, Ar-H), 7.48 (2H, d,J = 8.1 Hz, Ar-H),
7.43 (2H, d,J = 7.3 Hz, Ar-H), 7.35-7.24 (3H, m, Ar-H), 3.98 (1H, d, J = 13.8 Hz, CH,H,Ph), 3.89 (3H,
s, COOCHs), 3.60 (1H, d, J = 13.8 Hz, CH.HPh), 3.02 (1H, d, J = 7.1 Hz, Cs-H), 2.59 (1H, d; J = 7.1
Hz, C-H), 1.16 (9H, s, OC(CH;);); °C NMR $ 166.9, 166.6, 140.6, 137.7, 129.0, 128.9, 128.3, 127.9,
127.8, 127.2, 81.4, 63.2, 52.0, 47.1, 46.8, 27.8; HRFABMS m/z 368.1870, calcd for CpHaNO,:
368.1862; HPLC analysis: Daicel Chiralcel OD-H, mobile phase: hexane/2-propanol = 100 : 1, flow
rate = 1.0 mL/min, detection 254 nm, retention time: 21.4 min (major isomer) and 25.3 min (minor

isomer).

1-Benzyl-2-tert-butoxycarbonyl-3-(4-cyanophenyl)aziridine (3i) (Entry 8 in Table 20).
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Trans-3i: (35% yield, 32% ee); 'H NMR § 7.58 (2H, d, J = 8.3 Hz, Ar-H), 7.40 (2H, d, J = 8.3 Hz,
Ar-H), 7.37-7.21 (5H, m, Ar-H), 4.23 (1H, d, J = 13.9 Hz, CHHyPh), 4.09 (1H, d, J = 13.9 Hz,
CH.H,Ph), 3.29 (1H, brs, C5-H), 2.70 (1H, d,J = 2.4 Hz, C,-H), 1.40 (9H, s, OC(CH.)s); >*C NMR &
166.8, 144.1, 138.7, 132.1, 128.2, 127.9, 127.0, 118.8, 111.1, 82.3, 54.5, 47.0, 46.5, 28.0; HRFABMS
m/z 335.1729, calcd for CyHp3N,0,: 335.1760; HPLC analysis: Daicel Chiralcel OD-H, mobile phase:
hexane/2-propanol = 400 : 1, flow rate = 1.0 mL/min, detection 254 nm, retention time: 41.4 min (minor
isomer) and 48.6 min (major isomér).

Cis-3i: (18% yield, 16% ee); "H NMR 5 7.56 (2H, d, J = 8.3 Hz, Ar-H), 7.52 (2H, d,J = 8.3 Hz, Ar-H),
7.41 (2H, d,J = 7.3 Hz, Ar-H), 7.35-7.25 (3H, m, Ar-H), 4.01 (1H, d, J = 13.7 Hz, CH,H,Ph), 3.56 (1H,
d, J = 13.7 Hz, CH,H,Ph), 3.01 (1H, d, J = 7.1 Hz, C;-H), 2.63 (1H, d, J = 7.1 Hz, C;-H), 1.18 (9H, s,
OC(CHs)s); >C NMR 6 166.3, 140.9, 137.4, 131.5, 128.7, 128.4, 127.8, 127.3, 118.9, 110.9, 81.6, 63.1,
47.2, 46.5, 27.8; HRFABMS m/z 335.1758, calcd for Cy;H,3N,04: 335.1760; HPLC analysis: Daicel
Chiralcel OD-H, mobile phase: hexane/2-propanol = 100 : 1, flow rate = 1.0 mL/min, detection 254 nm,

retention time: 26.8 min (major isomer) and 30.8 min (minor isomer).

1-Benzyl-2-tert-butoxycarbonyl-3-(4-nitrophenyl)aziridine (3j) (Entry 9 in Table 20).

Trans-3j: (41% yield, 11% ee); 'H NMR 5 8.15 (2H, d, J = 8.8 Hz, Ar-H), 7.45 (2H, d, J = 8.8 Hz,
Ar-H), 7.36 (2H, d, J = 7.6 Hz, Ar-H), 7.30 (2H, dd, J = 7.6, 7.6 Hz, Ar-H), 7.25-7.22 (1H, m, Ar-H),
4.24 (1H, d, J = 13.8 Hz, CHH,Ph), 4.10 (1H, d, J = 13.8 Hz, CH,H,Ph), 3.34 (1H, brs, Cs-H), 2.73
(1H, d,J = 2.4 Hz, C:H), 1.41 (9H, s, OC(CHs)s); °C NMR & 166.7, 147.2, 146.1, 138.7, 128.3, 127.9,
127.1, 127.0, 123.5, 82.4, 54.5, 46.8, 46.7, 28.0;'HRFABMS mfz 355.1627, calcd for CyHz3N,04:
355.1658; HPLC analysis: Daicel Chiralcel OD-H, mobile phase: hexane/2-propanol = 400 : 1, flow
rate = 1.0 ml/min, detection 254 nm, retention time: 37.4 min (minor isomer) and 43.0 min (major
isomer).

Cis-3j: (29% yield, 10% ee); '"H NMR 8 8.13 (2H, d, J = 8.8 Hz, Ar-H), 7.57 (2H, d, J = 8.8 Hz, Ar-H),
7.41 (2H, d,J = 7.3 Hz, Ar-H), 7.35-7.25 (3H, m, Ar-H), 4.03 (1H, d, J = 13.7 Hz, CH,H,Ph), 3.57 (1H,
d, J = 13.7 Hz, CH,H,Ph), 3.05 (1H, d, J = 6.8 Hz, C;-H), 2.66 (1H, d, J = 6.8 Hz, C;-H), 1.18 (9H, s,
OC(CHs)3); °C NMR & 166.2, 147.1, 142.9, 137.3, 128.8, 128.4, 127.8, 127.4, 122.9, 81.7, 63.1, 47.3,
46.3, 27.9; HRFABMS m/z 355.1667, caled for CyHysN,O4: 355.1658; HPLC analysis: Daicel
Chiralcel OD-H, mobile phase: hexane/2-propanol = 100 : 1, flow rate = 1.0 mL/min, detection 254 nm,

retention time: 23.2 min (minor isomer) and 25.0 min (major isomer).

tert-Butyl 3-Acetoxy-3-benzo[1,3]dioxol-5-yl-2-benzylaminopropionate (9): In Treatment with
Diacetyl Sulfide (Entry 9 in Table 18). A highly polar intermediate was prepared from la and
piperonal (3a) in the same manner described above. The solvent was evaporated with a stream of
nitrogen and diacetyl sulfide (0.405 mM) was added after dilution with CHCl; (10 mL). The mixture
was stirred at room temperature for 30 min, washed with saturated NaHCO; (2.5 mL) and brine (2.0
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mL), dried over MgSO,, and concentrated to 1.30 g. Silica gel (0.49 g) was added and the solvent was
removed from the slurry under reduced pressure. The product-laden silica gel was loaded onto a column
of silica gel (2.1 g) and eluted with 3%-20% ethyl acetate in hexane. This column chromatography gave
a crude product (2.9mg). The crude product was purified by preparative thin-layer chromatography on
silica gel (ethyl acetate/hexane = 1:4 as eluent) to give 9 (1.6mg): "H NMR § 7.30-7.19 (5H, m, Ph),
6.83 (1H, d, J = 1.5 Hz, Ar-H), 6.80 (1H, dd, J = 7.9, 1.5 Hz, Ar-H), 6.74 (1H, d, J = 7.9 Hz, Ar-H),
5.96 (2H, s, OCH,0), 5.78 (1H, d,J = 7.2 Hz, CHOCO), 3.82 (1H, d, J = 13.4 Hz, CH,H,Ph), 3.63 (1H,
d, J = 13.4 Hz, CH,H,Ph), 3.48 (1H, d, J = 7.2 Hz, CHCOO), 2.03 (1H, s, COCHs), 1.45 (94, s,
OC(CHs);); ®C NMR § 171.3, 169.5, 147.5, 139.5, 131.0, 128.3, 128.2, 127.0, 121.4, 107.9, 107.8,
101.1, 81.8, 75.9, 65.0, 51.9, 28.0, 21.0. FABMS m/z: 414 (MH?).

HBOE HB4HI BIHDER

Isolation of a Mixture of Adduct Intermediates in the Reaction of 1a and p-Chlorobenzaldehyde
(2g). The highly polar intermediate was prepared from 1a and p-chlorobenzaldehyde (2g) in the same
manner described above. Evaporation of solvent and purification of the residue (214 mg) by short
column chromatography on SiO, (ethyl acetate/hexane = 1 : 5) gave a 5 : 1 mixture of adduct
intermediates (104 mg) as an oil.

The Major Isomer: '"H NMR § 5.18 (1H, d, J = 8.5 Hz), 4.52 (1H, d,J = 15.0 Hz), 4.06 (1H,d,J =8.1
Hz), 3.90 (1H, d, J = 15.0 Hz), 3.83 (1H, d,J = 8.1 Hz), 3.75 (1H, d,J = 8.5 Hz), 2.52 (3H, 5), 2.33 (3H,
s), 1.16 (9H, s); The Minor Isomer: "H NMR § 5.61 (d, J = 8.4 Hz), 446 (d, J = 13.9 Hz), 4.14 (d,J =
7.3 Hz), 4.10 (d, J = 13.8 Hz), 4.05 (d,J = 7.3 Hz), 3.96 (d, J = 8.4 Hz), 2.72 (3H, 5), 2.49 (3H, 5), 0.79

(9H, s). Aromatic protons of both isomers were observed at d 7.46-7.00 as complex signals.
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58 7 (D Hammett Analyses

Diastereomeric (dr) and enantiomeric ratios (er) calculated based on the data in Table 20 and

substituent constants (o) are summarized in the following Table.

Table. The dr, er and g, values for Hammett analyses

No. Xin3 4 (trans/cis)’ log (dr) er (major/minor)’ log (er) oy
1 O"Bu 22.857 1.359 23.415 1.369 -0.32
2 OMe 20.184 1.305 21.222 1.327 -0.27
3 Me 0.682 -0.167 26.027 1.415 -0.17
4 H 0.375 -0.425 15.393 1.187 . 0
5 Cl 0.555 -0.256 11.060 1.044 0.23
6 CO,Me 0.541 -0.267 6.049 0.782 0.45
7 CN 1.966 0.294 1.950 0.290 0.66
8 NO:  ja3 0.159 1257 0.099 0.78

“dr = (yield of trans-3) / (yield of cis-3). "er = [(the relative amount of the major
enantiomer) / (the relative amount of the minor enantiomer)] in trans-3.1Y °All
substituent constants were taken from ref 11.

BE FEIHOER

1-Benzyl-2-tert-butoxycarbonyl -3-(4-cyanophenyl) -3-methylaziridine (17d) (Entry 4 in Table 22).
(18.7% vyield); "H NMR & 7.56 (4H, s, Ar-H), 7.50 (2H, d, J = 7.1 Hz, Ar-H), 7.35 2H, d, J = 7.1 Hz,
Ar-H), 7.33-7.26 (1H, m, Ar-H), 3.98 (1H, d, J = 14.3 Hz, CH,H,Ph), 3.91 (1H, d, J = 14.3 Hz,
CH,H,Ph), 2.44 (1H, s, C,-H), 1.69 (1H, s, CHs), 1.14 (9H, s, OC(CHs)3).

1-Benzyl-2-tert-butoxycarbonyl-3-methyl-3-(4-nitrophenyl)aziridine (17e) (Entry 7 in Table 22).
(4.1% yield); "H NMR 6. 8.13 (2H, d,J = 8.9 Hz, Ar-H), 7.61 (2H, d, J = 8.9 Hz, Ar-H), 7.51 2H, d,J =
7.1 Hz, Ar-H), 7.37-7.34 (2H, m, Ar-H), 7.37-7.27 (1H, m, Ar-H), 4.01 (1H, d, J = 14.3 Hz, CHH,Ph),
3.92 (1H, d, J = 14.3 Hz, CH,H,Ph), 2.48 (1H, s, C;-H), 1.71 (3H, s, CH3), 1.15 (9H, s, OC(CHz)3).
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ERE BIH HIHOER

(8)-3,5-Dihydro-3,5-diaza-cyclohepta[2.1-a;3.4-a’Jdinaphthalen-4-one (19, Scheme 12)

A mixture of diamine 18 (7.0 g, 24.6 mmol) and 1,1’-carbonyldiimidazole (CDI) (5.58 g, 34.4 mmol)
in 1,2-dimethoxyethane (DME) (133 mL) was heated at 80 °C for 25 h. The resulting suspension was
cooled to room temperature and stirred for 8 h. The solids were filtered, washed with tetrahydrofuran
(THF) (68.7 mL), and dried under vacuum at 35 °C for 4 h to give 19 (white crystals, 7.24 g, y. 94.8%):
'H NMR (DMSO-dg) 8 9.03 (2H, s, N-H), 7.98-7.93 (4H, m,), 7.44 (2H, d,J = 8.5 Hz), 7.38 (2H, dd, J
= 8.0, 1.0 Hz), 7.19 (2H, dd, J = 8.5, 1.5 Hz), 6.93 (2H, d, J = 8.5 Hz); °C NMR (DMSO-ds) & 166.0,
140.8, 131.7, 130.3, 129.2, 128.2, 126.2, 126.1, 124.6, 122.0, 121.9.

(S)-3,5-Dimethy-3,5-diaza-cyclohepta[2,1-a;3,4-a’ ]dinaphthalen-4-one (20, Scheme 12)
Sodium hydride (60% in oil, 1.14 g, 28.4 mmol) was washed with n-hexane (20.0 mLX3) and
dimethyl formamide (DMF, 51.2mL) was added. After 19 (4.00 g, 12.9 mmol) was added to the

resulting gray suspension by portions, methyl iodide (1.77 mL, 28.4 mmol) was added dropwise
carefully (exothermic) in an ice bath. A sample was obtained for reaction completion check by TLC
analysis. Methanol (0.21 mL, 5.2 mmol) was added to the white suspension. The reaction mixture was
poured into aqueous hydrochloric acid (2 N HC1 43.8 mL + H,0 17.6 mL), extracted with toluene (69.8
mLX 1, 64.0 mLX 1). The combined organic phases were washed with 10% aqueous Na;S,0; (432 mL
X 1), 25% aqueous NaCl (51.2 mLX2), dried over MgSO,, and concentrated under reduced pressure at
45 °C. The crude material obtained (4.42 g) was recrystallized from toluene (26.5 mL) at 120 °C to give
20 (colorless needles, 3.83 g, y. 87.8%). Second crystals (20, 0.468 g, y. 10.7%) were obtained from the
filtrate (total y. 98.5%): "H NMR (CDCls) 8 7.94 (2H, d,J = 9.0 Hz), 7.89 (2H, d,J = 8.3 Hz), 7.51 (2H,
d, J = 9.0 Hz), 7.42 (2H, ddd, J = 8.2, 6.4, 1.7 Hz), 7.25-7.20 (4H, m), 3.27 (6H, s, -CHs); BC NMR
(CDClLy) 8 167.2, 144.5, 131.8, 130.9, 129.2, 128.0, 127.5, 126.2, 125.9, 125.2, 119.0, 35.6.

-3,5-diaza-cyclohepta[2.1-a;3,4-a’]dinaphthalen-4-thione (21, Scheme 12) .

A mixture of dimethyurea 20 (2.5 g, 7.39 mmol) and Lawesson’s reagent (4.18 g, 10.3 mmol) in
toluene (30.0 mL) was heated at 110 °C for 34 h. After a sample was obtained for reaction completion
check by TLC analysis, mthanol (40.0 mL) and 5% aqueous hydrochloric acid (18.3 mL) were added.
The resulting biphasic solution was stirred at room temperature overnight. The organic layer was
separated, and the aqueous phase was extracted with toluene (30.0 mLX1). The combined organic
extracts were washed with H,O (45.0 mL X 14), 25% aqueous NaCl (45.0 mLX1), dried over MgSO,,
and concentrated under reduced pressure at 45 °C. The crude yellow oil (3.54 g) was purified by column
chromatography on silica gel (2.0% ethyl acetate in n-hexane as eluent) to give 21 (white crystals,

2.45 g, y. 93.6%): "H NMR (CDCls)  7.91 (4H, dd, J = 9.3,9.3 Hz), 7.46 (2H, d, J = 8.8 Hz), 7.47-743
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(2H, m), 7.33 (2H, d, J = 8.1 Hz), 7.29-7.24 (2H, m), 3.54 (6H, s, -CHs); °C NMR (CDCL) 5 200.8,
147.1,131.4,129.2, 128.1,127.9, 127.2, 126.3, 125.7, 119.5, 41.8.

8T HEIH HBIEHOER

Scheme 13)
To a solution of diamine 18 (300.0 mg, 1.06 mmol) and pyridine (0.26 mL, 3.18 mmol) in

tetrahydrofuran (THF) (6.10 mL) was added ethyl chloroformate (91.0 pL, 0.954 mmol) in THF (1.5
mL) dropwise in a water bath. The mixture was stirred at room temperature overnight and evaporated in
vacuo at 40 °C. The crude material (0.50 g) was dissolved in a mixture of ethyl acetate (7.6 mL) and
H,0 (3.8 mL), and then the organic layer was separated. After the aqueous layer was re-extracted with
ethyl acetate (3.8 mL), the combined organic layers were dried over MgSO, and evaporated in vacuo at
40 °C. The crude product (422.0 mg) was purified by column chromatography on silica gel (ethyl
acetate/n-hexane = 1:8 as eluent) to give 25 (vellow oil, 187.7 mg, y. 55.4%): 'H NMR (CDCl5) b 8.54
(1H, d,J = 9.0 Hz), 7.99 (1H, d, J = 9.0 Hz), 7.90-7.81 (3H, m), 7.38 (1H, ddd, J = 8.1, 6.8, 1.2 Hz),
7.26-7.10 (4H, m), 6.91 (1H, d, J = 8.3 Hz), 6.50 (1H, br), 4.09 (2H, q, J = 7.1 Hz, -CH,CHs), 3.65 (2H,
br), 1.18 (3H, t,J = 7.1 Hz, -CH,CHs).

(8)-[2’-(3-Benzylthioureido)-[1,1’]-binaphthalenyl-2-yl]-carbamic acid ethyl ester (26, Scheme 13)
To a solution of monoacylamine 25 (94.7 mg, 0.266 mmol) in diethyl ether (0.50 mL) was added

benzyl isothiocyanate (232.4 uL, 1.76 mmol). The mixture was stirred at room temperature for 6 days.
After diluting the solution with diethyl ether (0.90 mL), silica gel (500 mg) was added and the solvent
was removed from the slurry under reduced pressure. The product-laden silica gel was loaded onto a
plug of silica gel and eluted with 10-20% ethy! acetate in n-hexane) to give 26 (colorless oil, 138.1 mg,
quant.): "H NMR (CD5CN) 6 8.08-8.06 (3H, m), 8.00 (1H, d, J = 8.3 Hz), 7.97 (1H, d,J = 8.3 Hz), 7.78
(1H, d, J = 8.8 Hz), 7.67 (1H, br), 7.50 (1H, ddd, J = 8.1, 8.1, 1.1 Hz), 7.45 (IH, ddd,J =7.1,7.1,1.0
Hz), 7.31-6.90 (8H, m), 4.70 (1H, br), 4.59 (1H, br), 3.91 (2H, q, J = 7.0 Hz, -CH,CH3), 1.11 (3H, t,J =
7.0 Hz, -CH,CHs).

(5)-4-Benzylimino-4.5-dihydro-3.5-diazacyclohepta[2.1-a;3.4-a’]dinaphthalene-3-carboxylic acid ethyl
ester (27, Scheme 13)

A mixture of 26 (135.0 mg, 0.266 mmol), 2-chloro-1,3-dimethylimidazolinium chioride (DMC) (54.0
mg, 0.319 mmol), and triethylamine (111.0 pL, 0.798 mmol) in dry acetonitrile (1.88 mL) was heated at
70 °C for 22h and cooled to room temperature, The mixture was diluted with H,O (2.0 mL) and

extracted with ethyl acetate (4.0 mL><1, 3.0 mLX1). The combined organic extracts were washed with
aqueous NaCl (25%: 2.5 mLX3; 18%: 2.5 mL X 1; 5%: 2.5 mLX1), dried over MgSO,, and evaporated
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in vacuo at 40 °C. The crude product (177.2 mg) was purified by column chromatography on silica gel
(10% ethyl acetate in n-hexane as eluent) to give 27 (colorless oil, 121.9 mg, y. 97.2%): '"H NMR
(CDCls) & 7.97-7.83 (4H, m), 7.49-7.14 (9H, m), 4.81 (1H, d, J = 14.6 Hz, N-CH,H,Ph), 4.41 (1H, d,J
= 14.6 Hz, N-CH H,Ph), 3.96 (2H, q,J = 7.1 Hz, -CH,CH3;), 0.92 (3H, br, -CHs).

(S)-Benzyl-(3H-3,5-diaza-cyclohepta[2,1-a;3.4-a’ Jdinaphthalen-4-yl)amine (24, Scheme 13)

To a solution of the protected guanidine 27 (10.0 mg, 0.0212 mmol) in a mixture of tetrahydorfuran
(THF) (90 pL) and methanol (60 uL) was added 28% sodium methoxide in methanol (17.2 uL, 0.0848
mmol). The mixture was stirred at room temperature for 23 h and H,0 (80 pL) was added. The resulting
solids were collected by filtration to give 24 (pale yellow solid, 6.6 mg, y. 77.9%): "H-NMR  4.34 (1H,
dd, J=14.6, 4.8 Hz, N-CH,H,Ph), 4.55 (1H, dd, J=14.6, 5.6 Hz, N-CH,H,Ph), 6.78 (1H, br, N-H), 6.81
(1H, d,J = 8.5 Hz, Ar-H), 6.97 (1H, d, J = 8.5 Hz, Ar-H), 7.05-7.39 (11H, m, Ar-H), 7.78 (1H, d,J = 8.5
Hz, Ar-H), 7.83 (1H, d, J = 7.8 Hz, Ar-H), 7.89-7.91 (2H, m, Ar-H). H-D exchange by the addition of
D,0 showed that the dd of N-CH,H,Ph changed to d (/=14.6 Hz).
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