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1. General Experi ment al

Al l experiments were carried out under an atm
At mospheres glove box. All solvents were reagent
received. All solvents were dxgaveed4dwi mbhl acagdmr:
All the chemicals used in the catalytic reacti on:
availabl e.

H'E a%Pd NMR spectra wereb50@condddNmMBhNOOe Bir aklr
shifts are reported in ppm downfield from tetran

of an appropriate deuterated sol venTltQF,Mausssi nsgpect
Electro Spray | oniMSatwiaosn c(eESIlo)utmoodne -QPEM 1 nadzu C
system (Shimadzu, Germangdlumar ¢ 8@dmerhtfOiul8b nmmal
thickness), and hel i unr easohctaairi@tr0 ogneSSIGICM@A @ zain a 1Jyag
and carried5oc6l usmmnn@g3a ®d#m f0i.12n5 tnm clk nle.s2s5) usi ng
an internal standar d. The guantitative anal ysi
met hyl amines ahdr mednieg)caowmpapeson with the corr e
(commercially puwC;chDesteadgt.€r NCEEBE 8 EB®avs : 1IN mL/ mi n
OveneC,4Mmol d°C7 mmnh PCf, 0 h&0A d°CB mmnn°€C o 2K @®I0d °CG/ mminm ; 20
to ®Q0O0hold 3 min.



2 . Experi ment al procedures
2-1Procedure for the cat aleywtiivaathwdrsogenati on

I n gl DNve Zmmo, 0.PXE:hhé CO)dBmMmMmOIPywy(fLRphwer e added
i n 4 TrhllF oo fa 50 n{Anhia CHEMVdnktameat Co.,Ltd) Thi s mi xture was

for 5 min,otthea Remmodti ve was added to it. Re mo
gl ove box, rinse it four times with hydrogen ga:
times) and pressurize it to the psepceicfiifei de dt epnnpeesrsautr
After the reaction, the-batdelf cauB@cmawneawads st owl ¢

The biphenyl (internal standar dgd wtalsr adgle dCé¢ loi t é
the solution wa#MSaumrmihldyMR ds begc tGICd GECo py .



222Procedure for the cadbadatgst i ¢ hydrogenati or

I n g1l BNve box, Q.PEthrnineOnNdo . 0 Py iRdprwefr e added

in 4 TMFoofa 50 mL autoclave. This miottaubaeamaase sti
was added to it. Remove the sealed autoclave fro
gas (Pressure to 50 bar, release to 2 bar, cycle
and heat it with stitrurienng Aaftt etrhe hep eceiafcite d nt, e niph
cool ed -bhat mnfadrce3 0 min and sl owly depressurized.
added to the cold solution and then filtered thro

MS dthdNMR spectroscopy.

@ 7 @ @ W

Py(CH,PPh,), (PPh3)3Ir(CO)H

ligand metal precursor

Figur®atSall.yst system for the hydrogenation of ur e
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3. Synthesis andIChaGampleexeaeati on of

31 (PR GCOB®)bi s((di phenyl phosphanyd )Nmet hyl ) p
atmosphere in a MHFL.5 molar ratio in

I n gl Bve box, Q.PRahrnireOhdioD. O Py m@dpwefr e added

in 4 TnlF ofa 50 mMRemoveclilheesealed autoclave from
wi t h st3r fAiclhhd. oadif t er the reaction, t hteatsh efedr aut c
30 min and slowly dé@&plPwasssugslicwldy &Vvapowatred, and
precipitated form the concentrated redbcti on mixt

T T T T T T T T T
932.2296 932.2300 932.2304 932.2308 932.2312

Counts vs. Mass-to-Charge (m/z)

ESMS CHOH)[Cablab rPY +H)MB Ca®BQ. E840682. MBO5

T T T T T T T T T
696.1184 696.1188 696.1192 696.1196 696.1200

Counts vs, Mass-to-Charge (m/z)

ESMS CHOH)[Cskz2b TORJ-HY( M) CHI96.2E0Q686. il 93

T T T T T
698.1352 698.1356 698.1360 698.1364 698.1368

Counts vs, Mass-to-Charge (m/z)

ESMS CHOH)[Cskabr RPHY( MH) C®#198. 1348 Found: 698. 1357 r



32 (PR ¢ECO®)bi s((di phenyl phosphanyd Hmet hyl ) p
atmosphere in a TMHFL.5 mol ar ratio in

I n g1l Bve box, Q.PBzhrnineOndo . 0 Py Rdprwefr e added

in 4 TrlF oofa 50 mMRewmovtecti aAeeseal ed autoclave from
ti mes with hydrogen gas (Pressure to 50 bar, rel
10 ,baarnd heat 130 WiBthhodtfitreri ndreatr eacti on, the st
in amaticefor 30 min and sl| dWkyasdedroevd syu reivzagpd.r aA fe
the product precipitated form the concentrated r
ESMS.

x10 § |C32H28 [193Ir] N O P2: +ESI Scan (rt: 0.338 min) Frag=50.0V ZJ230829-1-ES|+.d
9
-
_
8.5 <
b=t
e ©
7.5
74 ~
o~
©
6.5 e
6
554 g
-t
5 3
w
45
44
3.5 il
2 S
3 a © o
™ o @
o ~
-~ uw
254 o
2
x©
"
™~
1.5 o -
o i o0
o 9~ by b w -
=1 - © o
1 ! g 4 & e a o > = w & a &
R © o 2 e @ o ~ - = N
0 ™ = rs! - - - a o~ w o~ @
05 = 9 @ = = T e g o = ~ @
© o © W - o © il
Ll Sl B I B {2
e -
0 J;J MY Ll IPFRLY TN TI B wod kAJLLA.L Ak Ao b
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400

Counts vs. Mass-to-Charge (m/z)



ESMS CHOH)[CsHab rPN +H)MB C#I70. E8aBd0. B Y6

ESMS CHOH)[Cskzb r RRPHY( M) Cal c .2Fo06 96 228D 6 . 1

ESMS CHOH)[Cablab rPY +H)MB Ca&BQ. E8U4062. MB13

10



3-3 (PEAHGCOB)bi s((di phenyl phos fiB@Es@y | ) met hy
chlorophenyl)Jureau n dld2zaet mospher e 1@ |l ar 1l THFESD o i n

I n g1l Bve box, Q.PBzhrnineOndo . 0 Py Rdprwefr e added

in 4 TmHE oofa 50 mL autocl ave. This mi Xt-Bre( vas sti
chl oropheansyldgdideda t o it. Remove the sealed autoc
ti mes with hydrogen gas (Pressure to 50 bar, rel
10 ,baand heat i130 VvAICH Bniosnt Arrémgt taeg reaction, the

cool ed -bant anf drce30 min and s| oMwgsdepowbguevapdr a
and the product precipitated form the concentrat
and -MSS |

x10 5 |* Scan (t: 0.300 min) ZJ240314-1.d Subtract
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ESMS CHOH)[CsHab rPN +H)MB C#I70. E8aBd0. B8 7

ESMS CHOH)[Cskzb r RP+HO)MB Cal c4Fo0a®8.IHD8. 13

P° PPh
Ph, 3

ESMS CHOH)[Cablab rPJ +H)MB C&B@. E8U0d:2G632. 23

ESMS CHOH)[CsHsE! 1,OPY + H)MB C8R2&. E688B@5. b4 2

12



3-4 (PEAHGCOB)bi s((di phenyl phos fiB@Es@y | ) met hy
chlorophenyl)lureau n dle&2at mospher e 1@ | ar 1l THHFES0or iln h

I n g1l Bve box, Q.PBzhrnineOndo . 0 Py Rdprwefr e added

in 4 TMEwofa 50 mL autocl ave. This mixture was st
derivative was added to it. Remove the sealed au
Dgas (Pr26sbare telease to 2 bar, dyc,bearnfd uhre ati me
it with13 t A@r.fihoAgf taetr t he reaction, thlkeashefbrauto
30 min and sl owly dé@&pPwasssuslicwldy &Yapowatred, and
pretcatped form the concentrated reacti-MM mi xture

x10 4 |* Scan (n: 0.223 min) ZJ240315-1.d Subtract
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Counts vs. Mass-to-Charge (m/z)
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E S-MS C (O H Y[CaHz6D2l rOR;] + H) M H

E SMS CHOH Y[Ca bHasDsl rPY + H) M H

”l, \\‘\\Pphz
D “Ir—D
D
P° PPh
Ph, 3
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(a)
------ NP NG
Cl '
s | Lu .,
oN . 0 r3
.H : .
(b) : : L
‘ .,
LB | |
©)
. ||']u | L R S
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Figure (2. H N MR (500, MDHWES O spectr a

of

(PHshr (QOI)H( (di phenyl phos/pRb@ingy(hd oneo hlyé nghbhr i dé & e
at mospherTdHF ,{ oPHhrif QGO)H( (di phenyl phos/phanyl ) met

bi =4 or ophemrydéebduratamosphare  THF forand(c)h

(PHshr (QO)H( (di phenyl phos/pRh@ingy(hd oneo plye ngBdr i dé @ e

at mosipmeTHdF. for 6 h
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35 (PR ¢CO®)bi s((di phenyl phosphanyd Hmet hyl ) p
at mosphere in a tlallueénemol ar ratio in

I n g1l Bve box, Q.PBzhrnineOndo . 0 Py Rdprwefr e added
in 4 tnold wofne@a 50 mMRemovecthegeseal ed autocl ave fror
four times with hydrogen gas (Pressure to 50 bar
itl®obaand heat 130 WAICBHf. osAfitrerri ntgheatr eact i on, t he
cooled dbatlhnforce30 min and sl otwdlywmesheepséowlyi ze
evaporated and the product precipitated form the
by NMR autd ESI

x10 6 |*ESI Scan (n: 0.113 min) Frag=50.0V ZJ240327-1.d Subtract
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0.9 4
0.85 1
0.8 4
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— F=1038.2725

600 650 700 750 800 850 900 950 1000 050 1100 1150 1200

Counts vs. Mass-to-Charge (m/z)

ESMSCHOH)[Cskabr RPHY( MH) Cal c .2F 06 96 ;21089 6 . 1
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ESMS CHOH)[Cablab rPY +H)MB CAOBR. E8UG0G2. MB 12

17



3-6 (PEAHGCOB)bi s((di phenyl phos fiB@Es@y | ) met hy
chlorophenyl)lureau n dB2at mospher e lio@ |l arl tktbBuebien f or
h

I n g1l Bve box, Q.PBzhrningeOndo . 0 Py Rdprwefr e added

in 4 troll woknea 50 mL autocl ave. This mixture was s
derivative was added to it. Remove the sealed au
Dgas (Prl®dsbare telease to 2 bar, dyc,bearnfd uhre ati me
it withi158t A@r.ihoAgf taetr t he reaction, thlkeashefbrauto
30 min and slowly deopl evamse rsilzoend .y Aefvtaeprowaartdesd, a nc
precipitatedr dtogdn rtéhac tciomrc emitxt ure whMSEX.h was anal

ESMSCHOH)Y[Csb202 r P+ H)MB CdI00. E4dA00. mAB9

ESMS CHOH)[CabsDsl P + H)MB C&I3cl. Ed 8884 .nY 4z

18



95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05
f1 (ppm)

(a)

II] -1 I2 -;5 -Ll ‘5 -Iﬁ ‘7 -8 -9 -lIO -lll -i2 -1‘3 -1‘4 -iS -1I6 -ll’.' -1I8 -1I9 -?I.l)

11 (ppm)
Fi gur €3 (%) H N MR (500 , M HDzMES B0 spectra of
(PHhr (QO)H( (di phenyl phos ph abyyalt)moestphiyel ri)gp(lylu)e lé ne u
(PHhr (QO)H( (di phenyl phos/pRbaingy(thd) oneo hlydn gBdr i dé & e
at mosipmetrel uene
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4 Reactionf oprr dcheesscat al ytli,cBi ppyengyemnati on of
I n 2gl DNve d2mmo,l 0.PEshh e CO)dbmmaOlPy(fLRphwer e added

in 4 TMEofa 50 mL autocl ave. This mixtTud3e was s
di phenwalsuraedaded to it. Remove the sealed autocl a\
with hydrogen gas (Pressure to 50 bar, release t
bar, and heat it with stithiengeattiba,spbdei citeel

cool ed -bhat mnfadrce3 0 min and sl owly depressurized.
added to the cbldteobkbdtitbnoagtd Ckhente, and the so

MS .

100
H N-methylaniline

™™ N-phenylformamide
80 4

60

Yield (%)

40 4
204
0 = ﬂ.
160 180 200
Temperature (°C)

Figu4de HYydrogehaiipohermngf urea at di ffeReattiremcti o
condil iddmphenyl ur(eRPs(r2( GOoH )(,2 A3 , MmE MEELC H
H, THF ,{daaobL)Db®). i me (

100

—a— N-methylaniline
—*+— N-phenyltormamide

80+

60

40

Yield (%)

204

Time (h)

Fi guxReascti on profile flodBi pheniRedace@eomalicicdnm i dfi ons
di phenyl ureBftfr2( GdoH )(2 MEHRWE, mMPpy &LhHbBapaHat e
tri alagyaing r)eacTtHFme4i é¢rmielon 1 &0pAC at ur e (

20



(PPh3)sI(CO)H (2 mol % NH,
O 0 B 0 5.0
NN T THF, Hp G0 ban) ~ * CHOH =+
HoOH

160 °C, 24 h
2 mmol 8% 4% 6% 107%
(b) @ o /@ (PPh3)3Ir(CO)H (2 mol %) Ha o
_PY(CHPPhy), (3 mol %) @\ ©\ ©\
+ CH,
NJkN CHOH = HFE7 D), H, 30 bary * NJ\O/
H H 160 °C, 24 h H
2 mmol 0.3 mL 12% 39% 112% 36%
© %
o (PPhg)I(CO)H (2 mol %) Ha o o
e v cron  _PY(CHaPPho), (3 mol %) - . . 1. L
N7 N 3 TTHF (3.7 mL), Hp (30 bar) N N N
H H 180°C, 24 h | H H
2 mmol 0.3mL 49% 2% 138% 3% 4% 3%
(d) (PPhg)3Ir(CO)H (2 mol %)
@\ /@ PY(CH,PPhy); (3 mol %) @
THF, H, (30 bar)
200 °C, 18 h
2 mmol 50% 143%

Figuac e Ca&8talytic Hy®Birplgemyulturoeama oifn t hesObBlbsence/ pr

21



5, Cat al yti c hydrdoigpehneantyilounr ecaf i 1a,l 3t takso-lcroe s e n c «
sol vent

51Ef fect of met hanol ratio in solv-ent for
di phenyd-meebadyl anN|-Nhmeahdl aniline

I n ,gl DNve 4démmo,l 0.PREhh e CO)dbmmadl Py (f2Rpwer e added

i n 4 smolU voefnt ( met hasnodIvieannta) FBHFmhsawewwocl ave. Thi s
for 5 min,13 eorhedwasnodedded to it. Remove the seas
gl ove box, rinse it four times with hydrogen ga:
times) and pressurize it to the 30 bar,hend heat
reacti on, the steel Hhatdbdclf@avre 3Wai o @alnad silmwadiry i

bi mlye¢ (internal standard) was added to the cold
solution was aM%lyzed by GC/ GC
a)

100
[ N-methylaniline

1 ™™ N,N-dimethylaniline

804 : N-phenylformamide
: methyl phenylcarbamate

60 -

40
20
0- T T T
0.1 0.3 0.5 0.7

0.9

Yield (%)

CH,OH (mL)

b))

100
[ N-methylaniline

1 ™ N, N-dimethylaniline
D N-phenylformamide

801 : methyl phenylcarbamate

60 +

40

Yield (%)

20+

A

0 1 2 3 4
CH,OH (mL)

22



100
—a— N-methylaniline
—e— N, N-dimethylaniline
80 - —a&— methyl phenylearbamate
60
-
&
<
=
<
&2 404
-
20 4
0

Time (h)

Figur eHgdrogdnditp menywylfur ea

(bReaction IlccaBdnpgheinghsr eRfHkf r2( CrdnoH ) (2 MAEpH%B,
Ja,t svalrwd mtg:Of Tetag, t anagh CH m

mol , %) 30 s&@paHate trials

react i 4. (hR)enaec t(i on 1c-dBh g h e nwh ermeod)sl y ( COP M

Py(£RpR(3 molb®%B0 bar), sol vent
t emperlaBtO)rAecCa ¢t i o-A8t hines ( 6

23

(3.0

i n30tHh ea spord evgeanitc andf CH

Py (CH

(2 mol %),
meaanteit hm n o |



52Ef f ecaPrefssidre for the cat-dl pheoyNydeagena
met hyl anN|-hmeahdl aniline in the presence

I n 2gl DNve d2mmo,l 0.PEshh e CO)dbmmaOlPyy(fLRpwer e added
in 4 sl wvwefnt (0.3 mL methhamol50aml 3A.uf oml aViE) Thi
stirred for 8 -d8i mhe twalswra®ladrardo It o it . Remove the s

the glove box, rinse it four times with hydrogen
ti mes) and pressurize it to the desiredopressur e,
the steel autocl avae hwasorc .30l emdi ni na nadn silcoewl y depr
(internal standard) was added to the cold soluti

was analyze®&.by GC/ GC

100

m N-methylaniline

1™ N,N-dimethylaniline

80 N-phenylformamide
: methyl phenylcarbamate

60

40
20
= I
1 - I T
1 3 5

P (MPa)

Yield (%)

100
: N-methylaniline

1™ N, N-dimethylaniline

804 N-phenylformamide
methyl phenylcarbamate

60 -

40

) ﬂ_ﬂ
| — T T
1 3 5

P (MPa)

Yield (%)

Figu8e HYydrogehaBiipchhrengf urea i n 4OMe apsrodsaweenrcte of
Reacti on I,ad pihteingdur gaPHh2 ( o H) ( 2 PPPH%)3, Py (CH
mo | %) a ctteinopne r1adBt0) rAeCs 0|l vent (3. 7 @H),REBEcanon0t 8 meL
(18).ihReacti @d). hi me (

24



5-3Cat alcpywuipoi ngni menhbadaamottiche mbBlsphere

I n g1l Bve box, Q.PBAhrnineOndo . 0Py Rdprwefr e added

in 4 sl wvwefnt (0.3 mL methhamol50aml 3A.uf oml aViE) Thi
stirred for 5 min, then 4 mmol of aniline was af
gl ove box, rinse it four times with hydrogen ga:
ti mes) andt ptess80r ibae, and heat it with stirrin
reaction, the steel -Hatdbclfave 3Wai oo @alnad sil owadty i
bi phenyl (internal standard) wasoaghe€etlt ottehe aond
solution was aM%alyzed by GC/ GC

100

[ N-methylaniline

1™ N, N-dimethylaniline
80

60

Yield (%)

40 1

12 |

1
140 160 170 180
Temperature (°C)

Figuré&€aslytic coupling of aniak mos plReanadet meotnhanol
condi anioignennfoPPh,r ( CO) H (2 wRPP%)3, nkoy (IEPHbar H
(separ atwarnyiimd sr)aacstdl.ode niti. nfleet hano)l asdcB8i @dnmti Mk
(24 h), reactilotn AG®mperature (140
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54Hy dr ogenatdiigprenfy | urd@d wnatbhehnékba toafl y st

2 mmal)]3dighénylureava s a d d e d solvemt (041 mininethariol and 3.9

mLTHF)t o a 50 mL autoclave. This miX3 ure was
diphenylureava s a d dlehde taau tiotc.l ave was then seal ed,

hydrogen four times each (pressure to 50 b
desired ammde shseuarte ,i t with stirring at 140
autocl ave wasbactoholfeodr i3n0 ami ni caend sl owly dep
(internal standard) was added to the cold

the sodsuutamanl wzed by GC.

o
AL O
NN THF (3.9 mL), H, (10 bar)

140°C, 1h
2 mmol 0.1 mL 28%

N
H

o
X
:

Figue Hyldrogdnditpoenpylfurea without caHlyst in t
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556Catal ytic hyd¢¥¢ddpereatyilaur eamaf i In, 3 he -presenc
sol vent

I n g1l Bve box, Q.PBAhrnineOndo . 0Py Rdprwefr e added
in 4 smwoU voefnt (0.3 mL etbdamob0 amld 8ut7roenLavélF) Thi s
for 5 min, LtjBemh2nnmwasnlraedaded t o it. Remove the se:¢

gl ove box, rinse it four times with hydrogen ga:
ti mes) and pressurize it to the 30 bar, and heat
After the reaction, the-batdeelf cautBOcmawneawads st owl ¢

The biphenyl (internal stnanadnadr dt)h ewna sf ialdtdeerde dt ot htrho
the solution wa#Sanalyzed by GC/ GC

(a

(PPh3)3Ir(CO)H (2 mol %) Ha
Py(CH,PPhy), (3 mol %) @\ @ @\ ©\
+ + CHsOH +
©\ /© CHyCH0H e 37mL H2 30 bar) J N ¢ )J\
2 mmol 0.3 mL 10% % 105%

(p

180 °C, 18 h
2 mmol 0.3 mL 88%

(PPh3)3Ir(CO)H (2 mol %)
@\ /@ PY(CH;PPhy); (3 mol %) ©\ @\ @\ J o
+ + +
CH4CHZ0H THF, Hj (30 bar) - 8
61% 12%

Fi gufhe Hyldr ogédna@itploeanylfurea i nCGHOH @mrseostanecnet of CH
aReaction tempeRaacurieonf 16&mAE€)ature (180 AC).
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6. Catalytic hydrogenatigponrugfeaf adremamiade v,es

met hanol

I n 2@l Nve( Pofahxr,( CONRH ( ERrwer e

autocl ave. Thi s mi xt ulr2e mmeod u oty ar s teald df eodr
the sealed autoclave from the glove

release to 2 bar,

desired reacAfitomr ttehme er @d awtrieon,

cycle four times)

box,
and

addedl HEno 4a nAa.0 orhL

t50 mitn., Re
rinse i
pressur i

t h e -bsattehe If oaru t3d0c | &

min and slowly depressurized. The biphenyl (inte
then filtered through Celite-MSand the so

Tab$d ri ddaitrmal yzed hytdoomamiadesn

deri vametvbanohb

l ution w

olmrda mat es

o (PPh3)3Ir(CO)H
Py(CH,PPhy), e+
R\NJ\N/R THF, H:(sotznazr)' HN—R + CHZOH
H H 140-160 °C
time yield ( yieldN{9%conve
ent substra (h) methPan methylPar ( %)
Cl o Cl
1 QO T se 84 8 99
NOR
CI\©\ o
2 HJ 4 8 51 11 75
(o]
3 @NJ 24 40 3 54
H
(o]
4 @NJLO/ 2 % 73 6 99
H

8Reacti on scuobnsdtirtaitoen sgsz2r mM@A@MI, %) PPEH(3CHD | %) , H

(30 bar), TEF ACs (mbla)t,h. "Yti ecdhedie € @ mium e d

i nternal standar d.

Ssubsttammolb) r (COP I

by GC

using bi

Il dentificati oS oatHd dtiNHVER. pr od u c t
‘C PfHhr (C@mid | @) , PPR((EHo | Were UO®ed.C (bath

(6 MERW, maTHBL K 3

28

mL )

temper at



7. Catal yti c hfyodrrnoagneindae si,q nauworfdbaa méé risvati ves
met hyl ami nes

I'n gl Nve( Pgahxr,( CO)RHy (£ RJrwer e addedsolnvedntml( eatfhano

andHR)o a 50 mL autoclave. This mixdwhbewvawatse stirr
added to it. Remove the sealed autoclave from th
(Pressure to 50 bar, release to 2 bar, cycle foul
stirnisAgG After the reaction, the adgthedlora Bt0o ari av e
sl owly depressurized. The bipghenylol di rstodruntdlo ns tac
filtered through Celite, ai#M&.the solution was an
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Tabl3e ISricdit@amyzed hydrogenation of@urea der
(PPh3)3Ir(CO)H

O R.
R )]\ R Py(CHoPPhy)y o R\N/ + N
NN solvent, H, (30 bar) H |
H H 180 °C
tir yieldN(% yieldN(-%)
ent substra ' et hylar dimethyl
(¢]] o (¢]] 22 27 2
1 A r
NN 48 52 7

N

OO 4s 66 7
H H

@NiNQ 36 97 30
H H

(0]
4 ©\NJ 45 54 38
H

w

(0]
5 @NJ\O/ 38 46 6
H
(0]
6 @NJ\O/ 48 49 39
H
(o]
AT 4 5 1 Lo
H H
/O [o) O\
s~ I LT as 8 7 61
H H

8Reacti on scuobnsdtirtaitoen sgsz2r mM@A@MI, %) PPEH(3CHD | %) , H

30 bso)emt MeOH. @hdTH8 1AC (bathYtempedater ed) ned
by GC wusing biphenyl as an internal standard. 1| d
GGMS alHd NMRPHhEQO)H (4 moiPBR,( 5P ymo®id)v.&dnt3 (mL

Me OH and 3).7PfHhr TEE) H (4 MR , mEWPEEhH ( CO) H ( 3
mo | %) , PPh(@H mddo %)y dnmL (Me OH Oanhd T)BfF | v@nts (mL

Me OH and 3). 5 mL THF

~
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8. | rdc éit & mrgnsfer dydrogenatonof urea derivatives to
in the presence of alcohol s

8-1 Conversion of urea derivatives to methylaminsg via transfer hydrogenation
under N2 atmosphere in the presence of methanol

I n gl Bve box, Q.P®RhrninreOhdoD. 0Py dprwefr e added

i n 4 sl voefnt (0.5 mL etdba@amob0 amld 8B8uthoenlLaveélF) Thi s
for 5 min, 1dBemph2nnweasolraedaded t o i t. Remove the se:
glove box, rinse it four times with nitrogen gas
and pressurize it to the 10 bar, and bheatl it owi
autocl ave wasbatolo!| fear i 310 ami n cand sl owly depressu
standard) was added to the hcoQed idgcel utainodn tahned stohl

analyzed-MSy. GC/ GC

(PPh3),Ir(CO)H (2 mol %)
(o) Py(CH,PPh,), (3 mol %)
QL o e ) J\/+
Naa™ THF 35mL N2 (10 bar
H H

100

—a— N-methylaniline
—=o— N,N-dimethylaniline

80 —&— methyl phenylcarbamate

60

40 4

Yield (%)

20

Time (h)
Figurd r$Sbdatmltyzaends f er hydr awlgematdieon vati ves t o m
Reaction cangihteinyd ummal)d,r (COPH (2 RPPHR%)3, Py ( CH
mo | %)at mb ephseal vent (0.5 mlLHfnetalcan ooln & @d)pERC5 tmlr e
reacti o284t hines (6
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8-2 Conversion of urea derivatives to methylaminsunder N2 atmosphere in the
presence ofalcohol

I n g1l Bve box, Q.PBAhrnineOndo . 0Py Rdprwefr e added
i n 4 smwoU voefntal(cOammba ImL. 5t mL aTHBM®) mL autoclave. This
for 5 min, LtjBemh2nnmwasnlraedaded t o it. Remove the se:¢

gl ove box, rinse it four times with nitrogen gas
and pressurize it to the 10 bar, andAhtat thewit
reaction, the steel -Hatdbclfaoave 3Wai oo @alnad sil owadty i

bi phenyl (internal standaand whaenafdidledetedtthler cwo
solution was aM%a.lyzed by GC/ GC

(PPha)sIr(CO)H (2 mol %)
i .
y(CHzPPhy), (3 mol %) @\ @\ @\ @\
+  EtOH
©\NJ\N THF (3.5 mL), N, (10 bar S N/\ J\
HoOH 160 °C, 24 h

2 mmol 0.5mL 49% 51% 84%

(PPh3)3Ir(CO)H (2 mol %)
o]
Py(CH,PPh,), (3 mol %).
QD+ o e °~@LM\
N N THF (3.5 mL), N, (10 bar)
H H 140 °C, 24 h
2 mmol 0.5mL 98% 99%

FiguB&€odlensi-dih@Bheny!l ur e aa Caonndv eanlsci-ddhn@heny | ur ea i n
the presebConofeoB8idiHBhenyl urea PnOHhe presence of
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0. Reaction process

91 Reacti on process for t he cdti al(@ti c
chl orophenyl )urea

Fi gur4Re@cti on

mmo | ) ,

cl ¢ (PPha)glr(COMH al
9 Py(CH,PPhy) 9
J Lz 2 I
N7 SN THF, Hy N NH
H H H

100

2

804
n
]
\,? 60 4
=)
e [ ]
£ .
Z 404
@
>
=
S
© 204
04 [ ]
T T T T T T T T T ¥ T
0 2 4 6 8 10
Time (h)

c b n d&i(htd i oornosp: h eln,y3 )( Priéha )( C(OY HBmo | )
PPPy(( @HD) B o)IH2 (10 bar) THE30 mAQ,.

33
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@

100

804

60

40 4

Conversion (%)

20 4 ]

Time (h)

Fi guXr®Re&ction c-dmdcihdioornosp:h eln,yd )(ubRrehar)( COD Hmmo | ) ,
mmo | ) , PPPy( ®HLBMo)IH,(10 bar ) THE30 mAQ,

34



(b)

60

)

20

Conversion (%
[

10

Time (h)

FiguXregRe& cti on c-dndcihdioornosp:h eln,yd X Pida ( CEO Bh5mo | )
mmo | ) , PPPgy( ®H MEo)IH, (30 bar) THE3NO mMAG,

Al onge-couti snef ggnmeadnfyidireo g e i a8ii 0(h4 or ophenyl )ur ea

100

80

60

40

Conversion (%)

20 A

. . . r . T
0 2 4 6 8 10 12
Time (h)

I n the earl y-hgttanggemwat,t bematsaelnyiti ¢c active substa
formed, so thereobhsenrntnked nued e rotnlentp etirhiena ptr of | $ £a
the reaction, the reaction rate would gradually
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(©

100
80 - "
n
~ 604
) .
=
2
z 40
g [ ]
=
=)
© o204
04 [
1 M 1 1 M 1 T I
0 2 4 6 8
Time (h)

Fiug® 7Reacti on c-bneihdioamsp:h dnnbgho I gkar) ( COQ H5
mmo | ) , PPPg( @H o IHp(10 bar) THE30 mAGQ,.
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(d)

100

80

60

40

Conversion (%)

20

. . T T T T .
0.0 0.5 1.0 1.5 2.0 2.5
Time (h)

Fiug 1 8Reacti on c-bmndcihdioornosp:h elimydo )J( WPrsha )( COQ H5
mmo | ) , PPPy( @H o IHp(10 b add ) AGLF 4 mL) .
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92 Reaction process for t he cdti &l(@t i c
chl orophenyl )urea

(PPhj3)3Ir(CO)H
Cl Cl
Py(CH,PPh,)
QL B 0
THF H, NH,
100
—— N-phenylformamide
80 4 —=&— N-methylaniline
60 -
£
=
5 404
-
20
04
T N 1 N 1 M I N 1 M T M 1 N T

0 6 12 18 24 30 36 42 48
Time (h)

Fi guXr®ReAction c-bmdcihdioornosp:h eln,yd )(ubrPehar)( CODBHmMmMo | ) ,
mmo | ) , PPPy( @HInmMo)IH, (30 b &d ) AGF 4 mL) .
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9-3Reaction process for thedghlemylymrnaaedbydro

presence of methanol as cosol vent
(PPh3)3Ir(CO)H NH
@ @ _PyCH#Ph, @L @ . QL Q. Ok
+
CHaOH solvent, H2 -t @ ¥ N&O * N * N O/
| H H
100
—#&— N-methylaniline
*  N-phenylformamide
80+ —4A— methyl phenylcarbamate
—o— N,N-dimethylaniline
60
é ] /l-"’
Z 40 .
- | *
27
204
"3
0 o - *
T T T T
6 12 18 24

Time (h)

Figu2eReXcti on c dan dihteingy@ su:mend J3Bl,r ( CFOR ko | )
Py (2R O. 0dolH( 30 , basro)l ¥mint mg tOh a WonlLT KArde a3c.t i o n

t emperl8t ArCea¢t i @B 4t hines (
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100
—&— N-methylaniline
*  N-phenylformamide
80 —&— methyl phenylcarbamate
—&— N,N-dimethylaniline
60 4
é ]
2 404 *\‘\L\‘
E; *
20 1 ;
12—————__——__'
.5____—17-_——’_.
04 L . ° ]
T M 1 T T 1 T
12 18 24 30 36
Time (h)

Fi gu22dReXacti on c an dihteingy@ su:mend |3l ,r ( CFOPR kMO ) ,
Py (£2RpO. ooolH( 30 , baro)l ¥rmlnt mgtOh a waonlLT Mrde a3c.t i on
t emperl@t YArCea ¢t i @B Git)i mes (

100
| —=— N-methylaniline
*  N-phenylformamide
804 —&— methyl phenylcarbamate
| —®— N.N-dimethylaniline
60 4
<
=
s 40+
B * /I,ﬂ
25
204 ______,d_-;m
"3
*
04 . - - o
T T v 1 1
12 18 24 30

Time (h)

Fi gu22ReXcti on c an dihteingy@ su:mend |l ,r ( COPR. kMMO 1 ) ,
Py (£RpO. onolH( 30 , baro)l ¥ralnt mgtOh a waonlLT Mrde a3c.t i on
temperlzt YArCea ¢t i @B ht)i mes (
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(b)

100
—=&— N-methylaniline

*  N-phenylformamide
80 —&— methyl phenylcarbamate
—— N,N-dimethylaniline

60 -

40

Yield (%)

20

Time (h)

Fi gu2B8ReXcti on c an dihteingy@ su:mend |l ,r ( COPR. MO ) ,
Py (£2RpO. 0nolH( 30 , baro)l ¥rmlnt mgtOh a waonlLT Mrde a3c.t i on

t emperl8t YArCea ¢t i @B Mt)i mes (

100
—&— N-methylaniline
*  N-phenylformamide
80 | —*— methyl phenylcarbamate
—o— N, N-dimethylaniline

60 "
56

Yield (%)

) /w
207 \
*
] x -
0 -— o ¥ —
T T T T T T T
6 12 18 24
Time (h)

Fi gu2é4Recti on c an dihteingy@ su:mend sl ,r ( COPR. kMO 1 ) ,
Py (£RpO. molH( 30 , baro)l ¥rmlnt mgtOh a waonlLT Mrde a3c.t i on

t emperl8t YArCea ¢t i @B 4t hines (
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100
—#— N-methylaniline
*  N-phenylformamide
80 | —*— methyl phenylcarbamate
—&— N,N-dimethylaniline

60 -

40

Yield (%)

20

Time (h)

Figu2®BReRction candoihtein@d mela), 3 ( PED). nho | )
Py (£2RpO. ooolH( 30 , baro)l ¥rmlnt mgtOh a waonlLT Mrde a3c.t i on

t emperl8t YArCea¢ti @B 4t hjines (

100
—&— N-methylaniline
*  N-phenylformamide
80 | —&— methyl phenylearbamate
—&— N,N-dimethylaniline

60 -

é ] 54
2 a0
= * 35
zﬁ/
20
| gk} *
1 . . —
1 1 T T v 1 T T
6 12 18 24 30

Time (h)

Figu2@ReRction candoihtein@d émela), 3 ( PED). nho | )
Py (£RpO. onolH( 30 , baro)l ¥ralnt mgtOh a waonlLT Mrde a3c.t i on

t emperl8t ArCea ¢t i @B ht)i mes (

42



(d)

100
—=— N-methylaniline

*  N-phenylformamide
804 —&— methyl phenylcarbamate
—o— N,N-dimethylaniline

60 -

40

Yield (%)

20

Time (h)
Fi gu2@ReXacti on c an dihtein@g2rnsmo ¢ 3 .33l ¢ PED). Ho | )
Py (£2RpO. 0oolH( 30 ,baro)ivnt mgt hamMolLT Mrde a3c.t i on
t emperl8t YArCea ¢t i @8 At)i mes (

100
—&— N-methylaniline
*  N-phenylformamide
80 1 —&— methyl phenylcarbamate
—&— N,N-dimethylaniline
60 4
—_ /__an
é 51
% 404 40
e~ /
] s
20 1
T T T T T T T
6 12 18 24

Time (h)

Fi gu28ReXacti on c an dihtein@ggrinemo ¢ 3 .33l ¢ PED). Ko | ) ,
Py (£RpO. onolH.( 30 ,baro)vnt mgt hazn.oflLT Mprdeact i on
t emperld8t YArCea ¢t i @8 At)i mes (
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10 TFswtoep process for conversion of ur ea
met hyl amines under mild reaction condition:

step 1
(PPhg3);Ir(CO)H

0 Py(CH,PPh,), \He
@\JLO 2 o GloH +
NN THF, H,

H H 140-160 °C
step 2
(PPhg)3lr(CO)H
NH: _PY(CHzPPR),
+ CH5OH
RN,
140-160 °C

Figéealter nasttievpe stywot hesi s route for methyl amines
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11. oBsi bl e reaction pathways

D11 ri ddaitmal yzed hydtracdpameatterseaamtder i vati ves
formami des

(o]
R‘\N)LX’RZ S==RyXH + R1\N,,C"O

X =NR3, O

SN )J\

Iz

H

Pathway 1

Fi gu30Pr®posed reactlircinkdimermhgaynedmhiadr bogemaadaeisomandf
urea derivatives to formamides.
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21 ri ddaitmal yzed hydtracdpameattiecseaamfder i vati ves
met hanol

N
%, PP

P/IF\\H

(o]
Ha Phy Ry
H)LO/

Pathway 1

Fi gull®r®8posed reactlircinkimemhanedmhigadr bgemaaeisomndf
urea derivatives to methanol
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N3l riddaitmal yzed hydtracdpameattiecseaamfder i vati ves
met hyl ami nes

re===q
1 HO18

[

Pathway 1 Pathway 2

Ha

Ry [8]

Fi gu2®r®8posed reactlirninedimemhanedmhigdr bgemaaeisomndf
urea derivatives to methyl amines.
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x10 8 |*EI TIC Scan Frag=70.0V ZJ-240306-01.D

1 11.814
1 8.777

0.8 10.513
0.6
0.4 1 ‘ \

0.2 ‘ | 16.332 18.422
|
o I " f

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Counts vs. Acquisition Time (min)

x10 4 |P-Chloroaniline: +EI Scan (rt: 10.473-10.483 min, 4 scans) Frag=70.0V ZJ-240306-01.D Subtract
127.0184
84 [C6 HE CI N]+
/ \\\
67 .’/‘ ‘\
154.0778 H2N ———\ ) cl
44 \\ Vi
92.0494
24 |[C6 H6 N+
S "dd|¢ . ‘ 180.9876 263,0163 327.0358 405.0814

75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475
Counts vs. Mass-to-Charge (m/z)

x10 5 |Biphenyl: +El Scan (rt: 10.482-10.485 min, 2 scans) Frag=70.0V ZJ-240306-03.D Subtract
1 154.0777
[C12 H10]+

21
1.5 H

Ly 108.0445
0.5 N

253.0165 7
h ‘ | 327.0361 405.0820
0 L n s ) b | ek -

75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475
Counts vs. Mass-to-Charge (m/z)
x10 5 [4-Chloroformanilide: +EI Scan (rt: 11.760-11.774 min, 5 scans) Frag=70.0V Z2J-240306-01.D Subt..
16 127.0182
. [C6 H6 CI N]+

1.2 I

1] =
0.8- . _
0.6 | S ] A

0.4 . 7 NH =0

0.2 . sealats |
, ‘ | ”‘ \‘ | LJ 205.1585 20>-0167 327.0344 405.0829

75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475
Counts vs. Mass-to-Charge (m/z)
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x10 3
1.6
1.4
1.2

14
0.8
0.6
0.4
0.2

Phosphine, triphenyl-: +EI Scan (rt: 16.301-16.311, 16.365-16.415 min, 20 scans) Frag=70.0V ZJ-..

183.0359 262.0909
[C12 H8 P]+ [C18 H15 P]+ { :
108.0123 _ |
[C6 H5 P]+ S L
152.0620 [ [
[C12 H8]+ P S
N L Ln . ! N 327.0351° 405.0822

75

100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475

Counts vs. Mass-to-Charge (m/z)

x10 5 | Triphenylphosphine oxide: +EI Scan (rt: 18.384-18.394, 18.508-18.558 min, 20 scans) Frag=70.0...
} 277.0780 )
3] 207.0323 [C18 H14 O P]+ P
o [C14 H8 P]+ ’
2
1.5
B 152.0619 \ ‘ 1
73.0467 X N\
0 IJ ! l ol me b d | . Lull AL \ L ‘
75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475

Fi gud4eGC®IS
chl oroph(Bawilt)hurbeiaphenyl

sSspectrum

Counts vs. Mass-to-Charge (m/z)
t he
as i

of

50

crude

nternal

reaecbtiiso(rd mi xt u
standard.



x10 7 |*EI TIC Scan Frag=70.0V Z2J-240306-02.D
811 6.522 10.514 1
7,
6_
5_
4_
31 18.416
2,
o S A__L—

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Counts vs. Acquisition Time (min)

x10 5 | p-Fluoroaniline: +El Scan (rt: 6.492-6.495 min, 2 scans) Frag=70.0V ZJ-240306-02.D Subtract
iy 111.0479
1.4 [C6 H6 F N]+
1.2
1 7 /7 \ \
0.8{ 84.0370 F &4 NH2
0.6] [C5HS5F]+ A /
0.4 137.0271
0.2
0 |.||J\.. ol ol h 1 218.9855 341.0180 430.0892
© 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475
Counts vs. Mass-to-Charge (m/z)
x10 4 |Formamide, N-(4-fluorophenyl)-: +El Scan (rt: 10.003-10.006 min, 2 scans) Frag=70.0V ZJ-24030...
8 139.0430
7] [¢C7 H6 F N O]+
61 84.0369 /
51 [C5H5F]+| H SN
3] NH n s F
2_
;7 LJ Jl 219.9882 327.0361 463.9743

75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475
Counts vs. Mass-to-Charge (m/z)

Fi guBeGCHMIS spectrum of the crude reacbtiisof(M mi xtu
fluoroph®bwilt)hurbeéegphenyl as internal standard.
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x10 8 |*EI TIC Scan Frag=70.0V 2J-240306-04.D

12 1 10.960 13.505 1

0.8
0.6

0.41 18.414
0.2- L

0+ T S —
4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Counts vs. Acquisition Time (min)

x10 5 |Benzenamine, 3,5-dichloro-: +El Scan (rt: 10.923-10.927 min, 2 scans) Frag=70.0V ZJ-240306-04..
1 154.0776 C

1.2

14
0.8 ~ )
0.6 ’ ‘
0.4 90.0336 ‘

[C6 H4 N]+ 253.0167 A L

Olﬁ_‘ ! L 3010629 “fos0s23 NH2

75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475

Counts vs. Mass-to-Charge (m/z)

x10 5 | Formamide, N-(3,4-dichlorophenyl)-: +El Scan (rt: 13.458-13.461 min, 2 scans) Frag=70.0V ZJ-24..

160.p793
1.4- [C6 H5 [CI2 N+

1.2

0.8+

0.6- 90.0338 Bt
04] [CE6H4AN]+

*21 L

. ‘L HLJ | | 253.0154 327.0352 405.0813

75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475
Counts vs. Mass-to-Charge (m/z)

Fi gu36eGCBIS spectrum of the crude reabiisdl®, mi xtur
dichl oropghpmvmnylh) bi@pdhenyl as internal standard.
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x10 7 [+EI TIC Scan Frag=70.0V ZJ-240306-08.D

811 7.434 1

74 10.516

6

5 17.179

4,

27 6.208 18.429

1] L L

== ——
4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Counts vs. Acquisition Time (min)

x10 5 |Benzenamine, 4-(trifluoromethyl)-: +El Scan (rt: 7.404-7.407 min, 2 scans) Frag=70.0V ZJ-240306...
1 161.0445
[C7 HB|F3 N]+
0.8
0.6
NH2
0.4
187.0236
0.24 f
0docdioat b i 253.0158 341.0176 429 0874

75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475
Counts vs. Mass-to-Charge (m/z)

x10 5 .alpha.,.alpha.,.alpha.-Trifluoro-m-formotoluidide: +EI Scan (rt: 10.337-10.343 min, 3 scans) Frag=...
1.6 161.0445
1.4] [C7 HB|F3 N}

0.8 A
0.6 > N
0.4 '

0.2 J
0;m.|.\ bl |||7||\|I‘.|\

75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475
Counts vs. Mass-to-Charge (m/z)

253.0163 ) 7 NAEC =
: 27.0359 405.081¢

Fi gu87eGCMIS spectrum of the crude reacbtiisoffM mi xtu
(trifluorome@Rwilt)lpheingyhdgmuyleaas internal standard.
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x10 8

0.8
0.6
0.4
0.2

0-

+EI TIC Scan Frag=70.0V 2J-240306-06.D
1 7.075 10.231 1
18.418

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Counts vs. Acquisition Time (min)

4 5

x10 4 |N-[3-(Trifluoromethyl)phenyljurea, N-methyl-: +EI Scan (rt: 7.041-7.048 min, 3 scans) Frag=70.0V...
161.p447
41 [C7 HB|F3 NJ+ _
3 ¥H al X
H '
) N -
L Lh L | |
253.0167 341.0184
ohwn ol 100 SR seones 4639739
75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475
Counts vs. Mass-to-Charge (m/z)
x10 5 |-alpha.,.alpha.,.alpha.-Trifluoro-m-formotoluidide: +El Scan (rt: 10.195 min) Frag=70.0V ZJ-24030..
44 161.p446
3.5 [C7 HB|F3 N]f -
37 9]
2.5 .
21 114.0275
15 [C6 H4 F2]+ y NH
14 ; \
0.5 ‘
L |Il Il ‘\ LAl ‘l in u‘ H\l ‘ 229.0321 s 327‘0351 405‘0838

Fi gu8eGCH®S

(tri

125 150 175 200 225 250 275 300 325 350 375 400 425 450 475
Counts vs. Mass-to-Charge (m/z)

spectrum of the <crude
fluor ome( kwilt) lp hkeinpyh druyrleaas i nternal

75 100

r e aebtiBsqon
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x10 7 |*EI TIC Scan Frag=70.0V ZJ-240306-09.D
1 10.515 1

5 6.218

18.411

1 16.
y I - e S

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Counts vs. Acquisition Time (min)

x10 5 |Benzene, isocyanato-: +El Scan (rt: 6.185-6.192 min, 3 scans) Frag=70.0V ZJ-240306-09.D Subtr..
119.0364
. [C7 H N O]+
1.5 N
93.0571 /
1
0.5
ol Lol 07 3410175 429.0869

75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475
Counts vs. Mass-to-Charge (m/z)

5 ormamide, N-phenyl-: + can (rt: 9. -3, min, £ scans rag= i = = 5 ubt...
x10 5 |F ide, N-phenyl-: +El Scan (rt: 9.843-9.847 min, 2 )F 70.0V ZJ-240306-09.D Sub

1.2 93.0572

] [C6 H7 N1+
0.8
0.4
0]
0.2 253.0168
| | | 331.0636 405.0831

75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475
Counts vs. Mass-to-Charge (m/z)

Fi gu¥¥.&C8S spectrum of the crude r edadtpihemyriuxtewr e
QAQywi t h bi phenyl as internal standard.
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«10 7 | +EI TIC Scan Frag=70.0V ZJ-240306-07.D

1 10.513 1
6
5
4
s .
) 6.507 18.415

1 || 9.232

1 |\ | | 16.338 | ]
0t - DR N S S L b

4 5 6 7 8 9 10 11 12 13 f415 16 17 18 192b21 22232425262728
Counts vs. Acquisition Time (min)

x10 5 |2-Aminopyridine: +EI Scan (rt: 6.480-6.487, 6.902-6.905 min, 5 scans) Frag=70.0V ZJ-240306-07 ...
94.0524
2 [C5 HE N2]+
15 N~
1
0.5 )
0 | 130.9914 281.051@2N341A0175

75 100 125 150 175 200 2é5 250 275 300 325 350 3'}‘5 400 425 450 475
Counts vs. Mass-to-Charge (m/z)

x10 5 |2-Aminopyridine: +EI Scan (rt: 9.209 min) Frag=70.0V ZJ-240306-07.D Subtract

94.0524
[C5 HE N2]+
4
3 N
2
1 ' 122.0472
ol 253.0168 H2N

75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475
Counts vs. Mass-to-Charge (m/z)

Fi gua0&C8S spectrum of the crude r edadt(iped idiixat ur e
yl ) @rhvat h bi phenyl as internal standard.
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x10 7 | *EI TIC Scan Frag=70.0V ZJ-240306-03.D
11 10.512 1

8.920

18.414

| f,

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Counts vs. Acquisition Time (min)

L

O = N W s O J ®©

x10 5 |Benzenamine, 4-methoxy-: +El Scan (rt: 8.887-8.890 min, 2 scans) Frag=70.0V Z2J-240306-03.D...

108.0443

1] [C6 HE N O]+ .
081 ' ~CH3
0.6

80.0495
0.4 [C5 H6 NJ+
0.2 H2N
253.0165
NI m‘ 327.0354 405.0812

75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475
Counts vs. Mass-to-Charge (m/z)

x10 5 4-Methoxyformanilide: +El Scan (rt: 12.081-12.084 min, 2 scans) Frag=70.0V ZJ-240306-03.D Su..
1 108.p444

1.754 [C6 HEG N O]+

1.5
1.254

11 80.0495 "

0.751 [C5 H6 NJ+

0.5
0.254 253.0166

ol d L | | 1791301 | 327.0352 405.0820

75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475
Counts vs. Mass-to-Charge (m/z)

Fi gu4leGCMIS spectrum of the crude reacbtiisof(M mi xtu
met hoxyphEwylthumbeaohenyl as internal standard.
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x107

+EI TIC Scan Frag=70.0V ZJ-240306-11-02.D

1

8.777

10.958

13.495

18.424

{

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Counts vs. Acquisition Time (min)

x10 5 |P-Chloroaniline: +El Scan (rt: 8.737-8.750 min, 5 scans) Frag=70.0V ZJ-240306-11-02.D Subtract

1.2/ 127.0185

: [C6 H6 CI N+

14 Va
0.8 / ‘\\\
0.6 H2ZN —\ Cl
0.4 92.0495 \ V4

[C6 HB N]+ N Em———
0.24 152.9977 253.0170
Ll ! | 207.0321 h - 331.0636 405.0841
75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475
Counts vs. Mass-to-Charge (m/z)
x10 5 Benzenamine, 3,5-dichloro-: +El Scan (rt: 10.927-10.930 min, 2 scans) Frag=70.0V ZJ-240306-11...
1 160.9796 Cl

3] [C6 H5CI2 N]+
2.54
1.5 ‘

14 90.0340 ; i
0.5 [C6 H4 N]+ i "N

'07 253.£1 70 33“‘1‘;9641 .105.0837 ~NH2

75

100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475

Counts vs. Mass-to-Charge (m/z)

x10 5 |4-Chloroformanilide: +EI Scan (rt: 11.770-11.776, 11.990 ... min, 7 scans) Frag=70.0V ZJ-240306-..
1 127.0184
3.5 [C6 HB CI N+
3 Cl o~
2.54 T <
2]
151 92,0495 S N
1] [ceHB N+ - N o
0.51 253.0168
Lidk 4 101 327.0357 405.0830
~ 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475

Counts vs. Mass-to-Charge (m/z)
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x10 5
3,

2.5

1.5

0.5

Formamide, N-(3,4-dichlorophenyl)-: +El Scan (rt: 13.462-13.469, 13.723-13.726 min, 5 scans) Fr...

160.0795
[C6 H5[CI2 NI+

98.9996
[C5 H4 CIJ+

/ . A L J[ . “ L 253.0169 327.0361 405.0824

Fi gund2e GGIS spectrum of t he crude reac(tdi on
chl or o-3hxchigydhl or o gdhyevn ¥ Ih) bri@dhenyl as internal

100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475
Counts vs. Mass-to-Charge (m/z)
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x10 7 | *EI TIC Scan Frag=70.0V ZJ-240306-12.D

717 10.958 1

6
54

9.817 13.967
34 18.415

24

k& 16.325
4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Counts vs. Acquisition Time (min)

x10 5 |Formamide, N,N-dimethyl-: +E| Scan (rt: 3.788-3.852 min, 20 scans) Frag=70.0V ZJ-240306-12.D...
44

M o N L

1.5
1
0.5
oLl

I 130.9916 CH3
75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475
Counts vs. Mass-to-Charge (m/z)

x10 5 | Formamide, N-(3,4-dichlorophenyl)-: +EI Scan (rt: 13.459-13.469, 13.676-13.737 min, 23 scans) F..

4] 160.9796

3.5 [C6 H5 [CI2 NJ+ i

1.5 90.0340

H { N cl
1] [c6HAN+ ’

220.9824 327.0356
75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475
Counts vs. Mass-to-Charge (m/z)

Fi gua3eGGIS spectrum of the <crude r ea t34, @n mi xt t
di chl orl,mh enveyt Ih(y Bwd rt ha bi phenyl as internal standar
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%10 7 | *E1 TIC Scan Frag=70.0V ZJ-240306-15.D
1 10.515 1
7
6 6.221
5
4 18.410
3 1 ‘
2 o | |
1 | | 16.337 J.
0l B B . [ S S —

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Counts vs. Acquisition Time (min)

x10 5 |4-(2-Aminoethyl)pyridine: +El Scan (rt: 6.398-6.462 min, 20 scans) Frag=70.0V ZJ-240306-15.D...
93.0573
8 [C6 H7 N]+ "
6
41 [
N
2
0 | T |

75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 47‘0'5
Counts vs. Mass-to-Charge (m/z)

x10 5 |Aniline, N-methyl-: +EI Scan (rt: 7.251-7.254 min, 2 scans) Frag=70.0V ZJ-240306-15.D Subtract

106.0651
1.75 [C7 H8 N+

1.5
1.25

L7 H3C
0.5

0.25 NH
obd 01 218.9855  281.0510 341.0187 429.0883

75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475
Counts vs. Mass-to-Charge (m/z)

Fi guM&CE8S spectrum of the crude r edadtpihemyriuxtewr e
in the pr©®siwintcle ifpMCeHnyl as i nternal standard.
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x10 7 | *EI TIC Scan Frag=70.0V ZJ-240306-16.D
741 9.880 1
6
5_
4_
3 8.942
2
1] 16.535 18.428
. N L —
4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Counts vs. Acquisition Time (min)
x10 5 |Benzenamine, 4-methoxy-N-methyl-: +El Scan (rt: 9.720-9.727 min, 3 scans) Frag=70.0V ZJ-2403..
122.p601
2 [C7 HE N O]+
1.5 '
"
0.5
bl 1,\ L | esmig 331.0630 405.0830
75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475
Counts vs. Mass-to-Charge (m/z)
x10 5 |Phenol, 3-(ethylamino)-4-methyl-: +El Scan (rt: 9.944-9.984 min, 13 scans) Frag=70.0V ZJ-24030...
8 122.0601
7] [C7 HE N O]+
6 H3(
54
4-
3 94.0651 N
2 [C6 H8 N]+ H3C~" NH OH
1,
ok b i 1 253.0169 327.0358
75

Counts vs. Mass-to-Charge (m/z)
Fi gu45eGCMIS spectrum of t he
met hoxyphienn ytlh)eu rpera® slveintchke Hifp
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1222 NMR Dat a
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Fi gud7Z2H NMR (CDBAOI0O MHz) '€p &MRr ¢, @Dis&2h5d MHz ) spectrun
t hNe(4net hyl phenyl )for mami de.
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