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1. Introduction

Vicinal diamines represent an important class of organic compounds which are of upmost
importance in various areas of today's chemistry including medicinal and biological chemistry,

. asymmetric synthesis.
The synthesis of diastereomerically and enatiomerically pure derivatives of 1,2- dlamlnogroup is
therefore of high importance.
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2. Utilities of vicinal diamines
Natural produci‘s and pharmaceuticals

The 1,2-diamine functionality can be found in various compounds
displaying a broad spectrum of biological activity.
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3. Methods of preparation of vicinal diamines
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Though a variety of approaches have been devised,
those methods need many steps ..
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Other synthetic strategy to vicinal diamine
1. Double overman rearrangement
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' Scheme 4 Reagems and conditions: (a) CCI3CN (2 equnv) I
(0.2 equiv), THF, 0°C; (b) xylene, reflux, 6 h: (¢) 6 MNaOH 8: antr7a syn-Ba
-6 h; (d) 37 % HCI, EtOH  Condition A: 85% 6238
ondition A: 85% : :
P. Knochel eof a[ S/N‘f‘fleSJS‘ 200/, 243 Condition B: 48% >99:1 D. Bellus et ol

Synthesis | 1993, 721

If a simple double bond can be oxidize to diamine product directly,.
it must become most powerful and useful way to vicinal diamine!
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4. Dihydroxylation and aminohydroxylation

4.1 Dihydroxylation

The two catalytic cycles for asymmetric dihydroxylation
usmg NMO as coomdant -
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4.2 Aminohydroxylation

The catalytic cycles for asymmetnc amlnohydroxylatlon '
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Solvent effect for chemoselectivity

6] HO C4ng HO " CHe
ol - . B4Hg *
T T ews CeHs  NHBu CHs  oH
BuN . )
CH,Cl, 20 50
pyridine e 83

Dmydroqumme
{DHQ-H,

Recommended ligands for each olefine class.
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Explanation of chemoselectivity
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5. Propeties of Os complex
Various kinds of Os complex

0 H
. : AN
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Fig. 1 tert-Butyl imido compounds as derivatives of 0sOj.

Tetrakis(‘butylimido)osumium is unstable.

Synthesis of various imidoosmium compounds
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Only tert-alkylimido derivatives can stabilize the imido compléx.

NMR data
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1 ‘ 0OsO;(N-Ad)(N-1- [18Q, (1100) 885, 875
Scheme 1 Synthesis of various imidoosmium(vi) compounds. Am)
e OsO(N-1-Bu), 1190, (1100) 838
: OsO(N-Ad)»{N-¢- 1160, {1100) 838
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X-ray structure of imido complex lbe

I

' Os-01 L4 A
Os-N: 169 A Os-NI: 171 4
Os-N-C1: 178° 0s-N2: .72 A

Os-N1-C1: 1797
Os-N2-C4: 155°

tert-butylimidoosmium Bis(tert-butylimido)osmium

- Considering these results, electronic density of
as more imido moiety is introduced.

-4 -

Os-N: LT A
Os-N-Ci: 1717

Adamantylimidoosmium
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6. Diamination of olefines
1. Stoichiometric reaction
General scheme of diamination

oy
O=pgs=ntay Bu-
: § O N—oFWC naBH, muin ‘
R y, EWG \Os 4 ! EWG
; THF, RT 0 N ‘R R NHfBu
Scope and limitations
Elediro-demanding and neutral clefines
‘Imide = Temp, Products?
Dlefin complex °C (% yield)
C0,Me -
D N .5 25 - 1la.
CO,Me [60]¢
CO.Me ) .
_ 6 25 12
COMe [72] .
OH NHR RNH NHR
Styrene 5 25
Ph Ph
. (10 (73)
Styrene & - 25 {3) 3]
' OH NHR BRNH NHR
1-Decens 5 25 .
R R
: (25) 41)
1-Decene 6 - 40 (11} (63}

‘Of NHR BRNH NHR

(£)-5-Decene 2% . W
(76)
{69)

(£)-5-Decene 40

vere determined by €
’ =\ N Bu
1l
&
0=0s=N"6u«
0 b
Diamination of maleic ester £ NBu
HBU )
O=f = Bu .
: /?S‘N‘B“ - 9y N-_COLH, Q, CO,CH,
i CH o 2 £, I
i sozc\=/COzCHa. o N CO,CH, &N COCH,
: THF, RT, 36h Bu
20 21 18

21/18 1.3:1 {crude product)
21118 1:1.7 (isclated material, 84% yield)
' Diamination of maleic ester 20, '

Cls-product is unstable, so isomerization occures easily
in Fquancachon

Further conversion of osmaimidazolidine compound

s : Ph
Gy M BOR° PRMGCH Gy N OH
=3 i =
Bub® NTco.mr O THE 26 B0 guN” WTTweOH
B4 :

Bepnph

Osmaimidazolidine skeletone is very stable, so it can be
subjected under various conditions.

:'5'-

00~ N Uh e ) M

V] 0 0 T
N \\O-/\/ Bx
AN B SN ]
BN, NBu Bu N /N Bus
Me 0.C ) 0. ¥e HCOQC{. - LosMe

12

Various acrylic esters

NBu
0_-‘=/I?|)s=mﬂu
 com d ,\os ],cozn
R . THF, RT, 12h

Scheme 3. Diamination of acrylic esters with bisimido complex 2.

. Table 1. Diamination of acrylic esters.

Yield [%]

Substrate R ‘R’ Product -
4 CeH; "CH, 94 : 12
5 C¢H; C(CH3); 96 13
6 C,H; CH,CH, 89 14
7 CH, CH, 91 . 15
-8 CH, CH; 92 16
9 H CH, 98 ‘ 17
10 CO,CH, CH, 90 18
n 3-pyridinyl CH, © 78 19
Other electro-deficient olefines
NBu
0‘:';5=NIBU £u
i \ 0, N._.COR'
COR’ G . W
o~ B
R o N7"g
THF, RT, 12h Bu
Scheme 5. Diamination of electron-deficient olefins. -
Table 2. Diamination of electron-deficient olefins.
Substrate R R Yield [% ] Product
1 22 CeHs NHC(CH,), 89 28
2 23 CH, NHC{CH;), ) 29
3 24 H - NHC(CH;), 89 © 30
4 25 CeHs NCH;(OCHS,) 84 - 31
5 26 CsH; CeH; 91 32
6 27 CH; H 92 33

{a] Isclated yield after column chromatography.

Functional tolerence against aldehyde, ketone, amide is
observed.

Liberétion of vicinal diamine product

CH,0H

~ 1 iBu : BuHN.__..
-0 N OO Li{AlH,] l
S —_—
7% j\ THF, 2h, RT BuHN" “CgHs
0" N™NgeH
Bu e 94%
Bu :
0. N-_.CONHBuU BuHN._.,.CONH®Bu
Jos. l ke | l
0" N R "CaHsOH, 1h, RT  jgyHN~ R

R = CgHs (95%)
R = CHj (B9%)

Naz 80; (reductive reagent)
Chloramine-T, NMO, TBHP (oxydants)




Reactivity for each olefine class

Hammett o,

-6-

CO:Me ? H FE/COZCHB NIB‘;‘J!‘BU tBu {Bu
_ _ _ / o )P co,c; N R co,0m; |
> > > /S\NICH q/s “C0,CH
COMe  Ph R R 0,CHy cﬁn& e O My Cels ' cos0H;
: ' CH302C 18 9
R R" 5 .
>> == 100:0
R . R F 7
Observatlon of each Os complex reactlwtles _ ratio 9/18
A0 CH N’Bu
5=NiBu
1Bu Bu
19 op 3 Q /:j’OOzCHs HN~ H5C 50:50 1 * L *
7 " HN
HSC/= THEr.t 0/ Bu By
5 then Na,S04 ' .
10 ’ 20 . 13
100:0- 0:100 . : . —
0 20 40 60 80 100
. . ) -
conversian
ratic 2043 * * * ‘ of 3 (%)]
: Competition experiment for diamination with 3
50:50 ! '
. NBu
. 9 O= “s*NtBu o, 0
- 4
=)J\O/= % _ fog
0:100 r . . ; . \ 21 / p— {BuN NeBu
. _ Ik 0z
0 20 40 60 80 160 100:0 9204 ) .
. 22
CONVErs1on
of 3 (%) ‘
Competttlon experiment for diamination with 3 -Competition experiment of vinyl acrylate
_electro-demanding vs neutral ofefine
. These result shows that eiectro-WIthdrawmg group enhance the rate,
and one-electron-withdrawing group is apparently sufficient for the reaction to reach maximum. rate
Electronlc property of each Os complex
Hammet Equation ............ . ...................... RRRELLTTELES
substituent Gy
in (kHl kx) = p 'Oy OMe -0.28
CH, -0.14
g = reaction constant E . +g 22
(if this value is positive, the reaction is NE) +0.81
enhanced by the efectron withdrowing group) i oo
ox * substituent constant .
{positive valug means electron-withdrawing group) NiBu
i O&,C()zcjﬂs O‘;PFN(BU
e ({,\oﬂ : X BN,
7 L /@f\’cozczﬁs Q:;;)5=N!Bu B SNmy X=0CH;, Br,H,CH,, NO,  THF.ri
P X o )
[ H 3 &
r@/\-,cozczﬂs 0s0,4(1} Oircozcz**s X = OCHj, Br, H, NO, THF, r. t XD coacrts 0\3? ! !Buwb’.{sg
: THF, r.t. x OH 31: X = OCH,, BN “NiBu BuN Ny
{ X=QOCH;, B, H, CHz, NO 26-30 ' 32: X =Br, C0,Col U eo,GH
: (X = OCHj, Br, H, CHy, NO, 3hX=H, @ = Q R
34:X = NO, X X
63 5 0.3 - 03 .
2], p=-0.55 p=+0.05 02{  p=+0.2§
. !
[TE R ki
In-H kg 91 ndH 0.1
n ey lnﬁ( n ky
0 . o A" 0
-
=01 01 -0,1
~0.2 t T T T -0,2 . . . . ; -0.2 3 T
~04 -02 0 0.2 04 04 0.2 o 0.2 04 0 o.'a -04 0.2 0 0,2 04 08 08¢
Hammet o, Hammett o,




2 Development of asymmetric diamination
At first the cinchona alkaloid such as DHQ or DHQD was examined as chiral ligand.

But......I!
' - n o. ,0 0. O
Os NBu : _ ‘b’ : &
CO,R' N'BU BuNt”  NBu BuNt” N'Bu

or (DHQ)zPHAL

1 : 1

@/? ~-0s0,(NiB),
i

OCH,
[| T _ -
N ‘ No cordination between 3 and 23
4 was detected.

So it seems to be very difficult to induce
enantioselectivity using the chiral ligand -

Lo

Different approach is needed !!

i

_I_NLH o NESE |

“1H NMR spectra for titration of 3 with Cincona alkaloid 23
for ratio of 23/3, 1:1 (@), 5:1 (b), and 20:1 (c)
Diastereoselective reaction
K. Muniz et al, Synfett, 2003, _21 1.

Chiral auxiliary screening Substrate generality
a wﬂu Table 4. Diastereomeric ratios for diamination with (r;)v&pheny] menthol :
: F0s=NBu ‘ : B
o é,. , o, ﬁu .Gox: o, Eu coX™ as chiral auxiliary.
: CEHE/‘\)J\X. >O§ j\ + :0.5. Substrate R Yield {% ] Preduct ratiol™
: F, R Y 7 N
THEAT © Catts © a G 1 4la CoHs 68 78:22 (42d/d3d)
tae 2l 41a CH 56 94:6 (424/43 Q)
A2ae 43ae 3 44 CH, 81 72:28 (45/46)
Scheme 8. Auxiliary screening for asymmetric osmaimidazolidine forma- 4 47 H 9 88:12 (48/49)
_ tion. 5lel 47 H 88 95:5 (48/49)

- [a} Diastereomeric mixture after column chromatography.[b] Determined '

. Table 3. Diastereomeric ratios for diamination with selected chiral auxil- " by analytical HPLC. [c] The reaction was tun at —15°C.

" iaries. The absolute configuration in products 42a-c,e and 43a-c,e are

" undetermined.
X " ! NBu
. Substiate X*H Ratio 42: 430 o=l
. =Ds=NBu 8u Bu
1 4la 1-phenyl ethanol 1:1 \)Ok &, Qy Neep OO 0 N #COR
2 41b campher sultame 2.6:1 R™""oRr T P l 08
3 4lc (~-)-mentho} 1.5:1 THE.RT © %u R 0 %u R
4 41d {-)-8-phenyl menthol 3.2:1 a1d,44,47
5 4le fenchol 14:1 ' ' 42d,45,48 43d 46,49
[a] Determinéd from "H NMR spectra of the crude reaction mixture, ; Scheme 9. Asymmetric diamination with (—)-8-phenyl menthoi as chiral

auxiliary [R*OH = (—)-8-pheny! menthol].

{-)-8-phenyl menthol is most effective.
Transition state for explanation of sterecdiscrimination

- Biface is effectively blocked by phenyl moiety
and the reagent approaches from Re face

U

nt-stacking model




What is n-stacking model??

Phenyl moiety is interacted to olefine,

itis caused from the electron donaticn from = orbital of phenyl group

to=* orbatal of electron defi cnent olefine.

For example
Enantioselective Diels-Alder reaction

1 2,0.1 equiv 3

Asymmetric Michael addition reaction

Ph>l ‘
k L RLi OR* Ph
O/Q\ —80 - 25°C )\/I\Rz

- (CO);5Cr
Z. Silica gel -
(CO)s CTM Rr! . ’

Catalyst, Ar 1% ee (endo)

Me Ph 73

: [-Naphth 68

Me WMo M 6-MeO-B-Naphth 82
[0 —

a 0, 0= 3,5-diMe-Ph o4

3,5-diCFy-Ph 68

M << 7 3,5-diCl-Ph 44
e

J. Barluenga, Angew Chem int. Ed 1994 33 1392

R F . de-wf

""Cl‘—
\
CO co

Interestlngly, this chiral auxiliary didn't work well usmg Tris(tert- butyhmldo)osmlum complex

H!Bu
o OﬁOstrElu ROL FoR
\\-)L‘(?ﬂ- B muN Jeu | ma Nes
5 s
s dr. =52:48 B \\ of s

only 2 out of 4
possible steregisomers

it might be caused from the difference of mechanism
shown in right side.

Stepw1se [2+2] pathway Is in equilibrium.

After maklng the osmaazetane,

n-stacking is disappeared, so selectivity is not observed.

Stepwise {242] Mechanism _

. N _

— 0=0s Z0s,
O-—/? SNR O// w 7 “NR
A E F

{ t
) AN
NR +||__, Rll\l. J R
O;- e o O
POSSNR——— | 070s<\jg =0.5 ~NR
oy i
A c D

Concerted [3+2] Mechanism

( {-)-8-pheny! menthol is expensive.... :} Is there any chlra! auxiliaries which is not expensive?? )

Rl

Bu
CO i -COR*
‘-Os NBu 0\ i Oj\O,N e
// R
THF, 5h, RT X CO R X" N COR"
rE Bu
[R*CH = {-)- menthaoi]
X=0 88% 81:19 ¢.r.
X = NiBu 93% 95:05 d.r.

Scheme 11 First asymmetric diaminations ofalkenes

Usmg dlmenthyl fumarate, the selectivity is greatly improved,
especlally with trisimidoosmium complex.

The way of recycling Osmium

B Lamn, H,0, -
O8N 0503(v1) ———= OsOVIll)
RN~ orNaBH,

. o) -0
BuNH Oa. . TMSNHBu  Os %
— 2 O’s;fN"BU bbbl o's'_—N’Bu
o - NBu
-8-

he gb:

R d
Re-tace A Si-face
selectivity 1 Asymmetiic Diamination , selectivity
Bu Bu
o R -
i N O\\ N COoR
P Pt
0" N7 go,R X7 N co,me
Bu Bu

R*OH = 8-phenyl menthot, R**OH = menthol,
R =H, CHg, CgHg X - O, NBu.

Scheme 12 Comparison of face selectivity in auxiliary-controlled
. asymumetric diamination of alkenes. ‘




Yield [ %]

Enantioselective reaction
K. Muniz et al, Chem. Comun, 2005. 2729.

The enantioselctivity can be introduced using chiral auxiliary.
But the stoichiometric amount of chiral information is still needed.

Strategy of enantioselective reaction. . Organo catalyst
using chiral catalyst : /
At _ : _ O
Oy 0 upperiace blocked [\,-CO;,_H T: <
: NHC! ¢
_Ph
1 2
B NtBu Q, 0
: O= s—NrBu \/O/{
i CHO P BuN NiBu
. = 0 3
K\ R organo catalyst 1 CHO
: 20 mol-Yo)
Bully f/mu 4a (R=Me) ¢ 5a (R = Me)
Tower tace accessble o Np! 4b (R = Ph) Sh (R =Ph)

Result usmg organo catalyst

Tabie 1. Dlamlnatlon of 4a and 4b with the bisimido reagent 3 in the presence of organocatalysts 1 (20 mol-%) and 2

Entry | Substrate " Catalyst Solvent Product Yield [%] Enantiomeric excess [%]I]
1 4a 1 MeOH/THF Sa 75 0
2 4b 1 MeOH/THF 5h 62 3
3 4a 2 acetone 5a 81 2
4 da 2 MeOH/THF Sa ‘ 95 2
5 4a 2 CH,CHh, 5a 79 8
glel 4a 2 CH.Cl, . Sa 82 38
"l da 2 MeOH/THF 5a 76 ‘ 43
: 8[‘:I 4h 2 MeOH/THF 5b 79 27

[a] Isolated yield after column chromatography [b] Determined by chtral HPLC analysis. [c] Stmch:ometrtc reactions.

These results mean it is difficult to apply organc catalyst to asymmetric diamination.

Evans condition ' Transition state
) NlBur o i er face acceslsiblc
O % \\/{ - P - ;o
fl). [¢] ‘;)sfiNrBu a 0
AN ‘ tBuN NrBu BuN  NiBu N A O
o I\L_/O 03 + )—/ N o 2 s (f
—_— 7 SN
\ ‘ THF. 14 \ﬂ/ H/ Tr MuN NBu  aN NiBu
Ph & 0 8] ]/ \ﬂ,()
i o dlastereomencratm ' ) ' i P~ i " o
" no additive: 44:56 - o lower face blocked 8 (84% dle)
Ti(O:Pr),: 21:79 : o . . . -
: . Thevyield is decreased using TiCl; because of its acidity.
CLTi(OiPry: 08:92 y ' 91 Y

Why is this péssuble'?’?

The reaction should proceed in the absence of Titanium cétalyst!!

Catalyst écceleration . ’ . ‘ ,
Because the reaction rate with TiCl,(OPr),

N&u 0, 0 . . . o
Ok —nmu N4 -is 6 times as fast as that without the additive.
o o / BuN” “NBu o -
. O /Y
— N )Lo - ‘.9\_-%‘/ N o} U
/ THF, RT . e
°° - Consideration this result,
40 .. there is possibility to develop
' - the enantioselective diamination
i with 5 mol% of . H H H H : H
30 iy combinating lewis acid and chiral ligand |
20 4
10 4 no addive
—— — —_
e T
o
1 2 3 4 5 6 - 9 _

Time [h}




Screening of IeW|s ar.:ld and chiral ligand

NBu 0
Q O 7 s=NiBu M
/:)\N/U\O g 3 {BuN NrBuN’f—\é
— THF, rt. \_S( hid
0o G
9 10

oo OO CoL

Mgly / i f\) P Pw
N Nt P,Pd(OTf}z ,Pd(OTos)z

~ e O

83% yield, 1% ee

6% vield, 1% ee 71% yield, 9% ee

TiCI(OPr), / Ph. PR

j o ) OH .. ... OH
| HOLCO,CH, TiCl,(QiPt}, / Xoﬁm{ TiC1,(0Py), / o
HO"™CO,CH; P{ Ph

P

78% vield, 12% ee 1% yield, 22% ee 87% yicld, 18% ee
L ) - 92% yield, 88% ee {preformed)  88% yield, 54% ee (preformed)

Proposed transition state model

transition state mode]

- 10;_

Substrate generality

Ph Ph

0 ]
> ] o
o .0 o o
e 14
/_/LOL j])\ 10 mol% BuN N‘BU/—\
—" "N - N, O
A v P OsO0,{N1Bu), (1.1 eq.) HLS}’ g
Toluene, 5°C o Q0
16h, 4AMS

Table 2. Enantloselectw«e diamination of olefins w1th (R,R)-Ti-
TADDOLate catalysis. ‘

Entry  Substrate (R) Product

Yield [ e ee [Yaf®)

il 9 (CHy) (+-10 91 2
2 9(CHy) (+10 92 88
34 9 (CH,) (-)-10 90 86
414l 9(CHy) (910 81 90
5 11 (H) (12 97 82
6 13 (n-Pr) (+}14 91 86
7 15 (CsH,) (H-16 95 78
8 17 (CO,CH) ()18 83 90

[a] Isolated yield after workup and column chromatography. [b] De- |

“termined on a Chiralpak AD column (see Experimental Section for

detalls) fc] With catalyst generated in situ. {d] With the enantio-
meric (8,5)}-TADDOL ligand. [e] With an equlmolar amount of
(5,5)-TADDOL-Ti complex.




3. The quest for a catalytic diamination of alkenes K.Muniz et al, Chem. Eur./ 2004, 10,2475

Os reagent is very precious and hlghly toxic. ..
Development of catalytic diamination is strongly demanded.

In this section the possibility of catalytic diamination is examined using DFT stu'dy.
DFT (Density functional theory)

WENEIERR L FTh D b 0T, BEFROTIAF R Y0NS BT EE,LHET S - LATH LT 585, F
ST OBEEYIab—a L, FORTOTRAYF BRI FEIC L - THRBE D EBTE S, -

Mechanistic study of diamination

[3+2] vs [2+2]
050 Table 1. Peri- and chemoselectivity in the addition of OsO,(NH), to eth- ) }
: [3+2 / S\z ylene. Activation energics (AE,) and reaction energies (AE,) calculated .
OsC, *+ _ at the B3LYPAI+//B3LYP/II level and frec enthalpies (AG, AG) at  AG, for [2+42] addition (> 55keal/mol)
\ ,f 298.15 K. All values in kealmol ™. is ITIUCh h|gher than -
- Reaction AE, AG, AE, AG, that for [3+2] addition {< 25 kcal/mol)
] .
[2+>« f2+2] o0 65 08 o 23 These values mean diamination
rear. [2+2] Os=NH 425 56.3 —-8.4 85 ds th b 1349 additi
050, (3+2] 0~0s=0 83 8 239 _s0  Proceeds through [3+2] addition.
v [3+2] 0=0s=NH 6.1 199 —46.4 —273 ) .
° [3+2] NH=Os=NH 04 121 672 462 -

{a] Only the sterecisomer lowest in energy is listed.

Rationalization of chemoselectivity
%-{ Ethylene
Aminohydrosylation
L2k
ey 3‘,-; A g

L9306 A

0N,

Dihydroxylation Diamigati
ination

ol

g :> Early TS -
>) lan%er’

Cama(Vjasaglpcotaic

OsmaiViygtyealats
e e Osenal ¥ imidazolidine

@
Hes

A B

11

Contribution o L 0=0s=0 NH=Os=NHFI change in %™ -
'AES,r ethylene 12.0 12.0
i AEg OsO,(NH), 15.2 10.0 —34
_‘AEﬂ, total 272 220
Ay 138.6 172.0 25
"AEgg —65.8 —81.8 24 N 1
t AE g, _ —92.1 -116.6 27 (R "'\ AG™,
AE,, (1) o —614 —70.6 15 P
- a -13 -29 ; §
b, -12 18 f !
: B, —28.2 -413 46 | § i
ALy = ABpu + AEu + AE,, —194 —264 36 F— P
B AE = AEm:r + AEinl 78 —4.4
AE W AE,, 1.40 1.42 5+2 Bell-Evans-Polanyi D EFJL
3 AEbe(al)/AEorb(bz) 217 171 , o
AEstr|s strain energy for TS. AEqp - (BLEFAEIER)
. AEpaus AEgt O=0s=0 addition NH=0g=NH addition
LB RE OsHAa EAEH) (FREAH E1ER)
A B




Diamination vs dihydroxylation
Catalytic cycle of dihydroxylation

a ‘)
NHR
HG OH RHN\ /
hydrolysis
hydrolysis Os0y v yarely
Y : H,0
e —f (D :
Os0
Q30; / \J
O/ \0 @ cycloaddition h RN NR
050, X

oxidation

X0
X0

.. Mode! catalytic cycle of diamination

0s0,

0s0,
AN
O/ o) E oxidation RN\ f

Scheme 3. Model cycles for catalytic 2} dihiydroxylation and b} diamina-

{Amine source is NH;)

2T-NR
N tanster Point of this analysis
@ 270 : _
» Step @ is very exergonic
080, by -46 kcalf mot

Step & is less favorable than step @
by only 11 kcalf mol. |

@

cycloaddition

NR

‘s Step @ is less favorable than step @
by only 4 kcal/ mol.

. tion. X-O = oxidant, T-NR = imido-lransfer agent.

ITable 3. Ca'léulated"thermodynamic reaction profile (AG)) for model catalytic cycles of dihydroxylation and :
diamination, according to Scheme 3a and 3b. Free enthalpies relative to the corresponding reaction in the di- _

hydroxylation cycle are also given. All values in kealmol .

« Step @ is only endergonic.

" Reaction absolute  relative to dikydrox. » Large driving force of forming dioxoosma
Dihydroxylation {Scheme 3a) -2, 5-diazolidine arises from the weak
i - : - .
‘ @5 0s0, + C,H,;—dioxoosma-2,5-dioxolane : —4.1 0.0 metal=N bond in complex.
@ dioxoosma-2,5-dioxolane + H,0,—triioxocosma-2,5-dioxolane + H,O -35.7 0.0 . K _
(@) triloxoosma-2,5-dioxofane + H;0—0s0, + (HO)CH,CH,(OH) ~18.0 0.0 There is an apparent dtsqre anc (%)
.~ Diamination (Scheme 3b) : between the weaker Lewis acidity
& OsO4(NH}, + CH;~dioxoosma-2;5-diazolidine —46.2 —42.1 of the imidocomplex and
| dioxoosma-2,5-diazolidine + H,0,—trioxoosma-2,5-diazolidine + H,0 ~24.5 11.2 the relative instabi"ty of Os=N bond.
i -2,5-diazolidi 0-0s0, + (HN)CH,CH,(NH —13.9 4.1 y T
s 4 ANEL s 1 2ro ! NICHCILOTL) 1244 44 | € Therm Oo{yna\mr ¢ hill

7l 0s0, + 2NH,—~OsO,(NH); + 21L,0

| ”Rétiona_lizatioh of the discrepancy

: Table 6. Electrostatic versus covalent nature of oxo and imido-csmium(vin) bonds. Energy deoomposition of
" the Os=0 and Os=NH bonds in C,-symmetric 0s0, and OsOy(NH), respectively, at the BLYP/IV' level. -

This step is not féj‘“?f“‘—’d
| in d#y mx/!ﬁ‘ﬁﬂﬂ.

Boid: contributions of the [} symmetry orbitals to the stabilizing orbital-interaction energy AE,,. All energies

_in kcatmol ™, & @
¢ Contribution o 0s0, OsO,(NH)™ ¥ donaion 1t donation
. AE, O* or NH> _ . 00 18 R )
¢ AE,, 005" 52 57 B . PP
AE, total 52 75 | : H H
AEpuy $39.0 404 é e ! 3 é:)
: A4, . ~1101.7 —1011.3
RE . - - 4257 —4526 %\ oty t
AE,(I) a —196.0- ~173.6 ‘ &% :
a, -12 -12 ' G O 0
: . e ~2286 _2778 o o o O o
A, = ABpy + AE, + AE,, —988.4 —971.5 o '
AE = AE, + AR, —-983.2 ~964.0
AB I AE ) ) 0.39 - 045 Figure3.s, and e symmetry orbitals in C,-symmetric’
- AEou(@)/AEfe) ' 0.86 062 - -

! [a}A Crsymmetric structure of OsO,(NH) with a bent imido ligand (Os-N-H angle'i35.4) is more stable by

»_02 kealmol™. L L

050, and ~ OsO(NH).

It is clear that the strong Os=0 bond is relied on the much stronger

i electrostatic component AE than that of Os=N bond.

NN EEEE L L smeasEmsmeeserrrrEEEEsEsRAEEEAR e m———— Pt

Substituted amine is employed,

© Reaction Absolute  Relative to dihy-  Relative 1o R '
: drox. =H Steric effects Electron-
¥ R=Me withdrawing
“ 7 O804(NR), + CH,—dioxoosma-2,5-diazolidine -35.1 -31.0 11.1 CF
i dioxoosma-2,5-diazolidine + H,0,—trioxoosma-2,5-diazoli- —18.8 16.9 5.7 (Me’ tBU) ( 3)
! dine + HO .
frioxoosma-2,5-diazolidine + H,0—0s0, + -133 4.7 06 ’
: (NHR)CH,CH,{NHR) cycloaddition disfavor favor
* 050, + ZRNH,~0sO{NR]), + 2H,0 24 ~220
g R = iBu
OsOy{NR), + CH,—dioxoosma-2,5-diazolidine 225 -184 237 N ‘
 dioxoosma-2,5-diazolidine + HyQ,~iricxoosma-25-diazoli- 41 316 204 oxidatfon strongly favor
| dine + HyO disfavor
) i trioxposma-2,5-diazolidine + H0—Cs0, + ~31.0 -13.0 :
i (NHR)CH;CH,(NHR) : . :
| 080+ 2RNH,—0s0,(NR), + 2H,0 06 m ong - hydrolysis favor no effect
*_R=CF :
i OsONR); + GH,—dioxoosma-2 5-diazolidine ~49.4 —45.3 w32
dioxoosma-2,5-diazolidine + H,0, —trioxoosma-2,5-diazoli-  —11.1 246 134 “oxo-imido no effect Strongfy
| dine + H0 exchange ' disfavor
. trioxoosma-2,5-diazolidine 4+ H,0—0:0, + -38.2 -20.2 i—24.3 k ' g S
. (NHR}CH,CH,(NHR)
. 00, + 2RNH,—~0sO{NR); + 2H,0 357 §387

i
—
N




Aminolysis strategy

HI

1 i clectan- vitdving A7

I R electron- W71“\0lV0\W1“2 Fou .

bisimdo osmun oomrlex 15 uns’“fab‘ea

/"

' Lo RHN” N R
. o HR NR
"r\ﬁs a5 TWKC\ ﬁ 1/ O‘:‘(I)ls—o' R./Z/
SER
m \\‘t be OL%'QO‘ \ RN
] N : aminolysis olefin
RNH, : diamination
Hr;l\,ﬁ A or. N R
W T s one
OLK r O N Th am‘m'e|/$\s
The donaton of lone pa \—/\ base
e AONATON ¢ ]70\! reoxidation NR ~———— RBNHX

Cie L Fig.§ P - T
stabi|ize he Gsmmh\lﬂ\m\uime. %% Troposed catalytic cycle for diamination of alkencs.

¢ |
I Ris elecmn'w}ko’lmw}hj groep

the oemmimTa{azalialIhﬁ laecéme unsfﬂble,

Diamination vs Aminghydroxylation

This s+er Tont hecessary

: - ~ -
b) In &R yo{royla"h‘on.
a) : . RHN NHR
H,0 RHN OH p— T-NR /
hydrolysis \ / 0sO.(NR
hydrolysis SO(NR} N transfer
H,0 T-0
/OSO\Z(NR)
Os(NR)O 0s0,(NR
SN OsO5(NR) RN R 2R
RN 0 ‘
_ .z 0s0, - j_\
7 0s0 / N " cycloaddition
/ \2 oxidative RN NR :
cycloaddition ' ’
- oxidative RN c Ntansfer 7R \__/
s Ntransfer _?—NR Scheme 4. Model cycles for catalytic a) arhinohydroxylation, and b) di-
: ) T © amtination. Z-NR = oxidative imido-transfer agent, T-NR = non-oxida-
) * tive imido-transfer agent. .
it is difficult to identify oxidative and non-oxidative nitrogen transfer.
Electron-reieasing group at the.imido ligand favors the non-oxidative N-transfer event,
whereas the presence of sterically demanding substituent disfavors oxidative N-transfer event.
Conclusion .

- In any model catalytic cycles "

- Electron-withdrawing group disfavors the formation of imido complex.
+ Electron-releasing group disfavors the oxidation and hydrolysis step.

- Namely, dihydroxylation and aminohydroxylation is preferred to diamination.

. _I_:t is impossible to develop the catalytic diamination with osmium bisimido complex.

_13-




~ 7. Current and future works

[Catalytic diamination K. Muniz et al. . Am. Chem. Soc. 2008, 127, 14587.

Catalytic diamination of alkenes was elusive reaction so far. _
Because the diamine products cordinate to almost all transition metals and deactivate it.
But this time one elegant examination is reported I

General scheme

O

G
B
}L -R BLﬁ exidalion

I @N}'\ NT CN-R This strategy is applied to only intramolecular reaction.
. alyst nucieophitic ((:r\“/ '
[H:\\ {catalyst) 5 gl replacerent n . .

O

Substrate generality

Table 1. Palladium-Catalyzed Intramolecular Diamination of

Alkenes )
Entry  Substrate Procadure? Product - Gonversion Yield Entry  Substrate Procedure? Product Conversion  Yield
[P [ . _ i I
N/LOLN/TOS 7 o} Q |
1 H H A N7 “N-Tos 100 a2 A Tes
>Q_/ & NN N "N—Tos
\ H H B 100 87
o =
AL sa,pn j’\ 0
-aUa
2 NoH A N N-SO.Ph 100 a3 A Tos j’\
N N
. >Q—/ 7 H H B &O—/N_TDS w00 78
. =
£ s ; |
- #1085 .
N A o

N 0
T T e A res '
Ph SN Ph NN G N" “N—Tos 94 89

N—Tos 100 94

-y
I
©
I
b3
%
T
3
w
.
(=]
(=]
=4
f<a}
i I \F
IZ\
&
wn
J=
=
o

5 NOoH 8 O_,N"T"S o8 86 . . _
o P 2 Procedure A: 5 mol % of PA(QAC):, PhI(OAG): (2.2 equiv), NMe,Cl7

- NaOAc (I equiv), CHyCly, RT, 12 h. Procedure B; 25 mol % of Pd{CAC)-.
PhI{OAc); (2.2 equiv), CHyCly, RT, 48 h. Procedure C: 10 mol % of

. Pd{OAc):, PhI(OAc); (2.2 equiv), CHaCla, RT, 12 h. ® Determined from -
crude '"H NMR spectra and TLC control. * Given yields refer to isolated
analytically pure materiai afier column chromatography.

Mechanistic proposal : . Synthesis of tricyclic heterocycles
o /?L ‘
- A ros procadure A e ' o ) o ) ) :
. N N N N—Tos 5 mol% .
: H H \ fp ‘ NJ’LN,TOS Pd(CAC),. N}LN’TDs }LN’TUS _
S N : ©’\H/\H PhIOAG), @1),/‘ + /@’\N))
) CHiClo T
3 TOSHN>=O Jhvans = 8.6 H2 ) S CHClg, RT T Ac(? .
N [ ' N7
’ H. D T : ' ) 3] 4 | -24' 4
L H
amino-paliadation {Pd] Pd-cxidation '

reductive amination

It is possible t6 liberate the diamine from the cyclic urea under reductive conditions. " .

Advantage “ : Disadvantage
+ It is easy to liberate the free diamine. * Only intramolecular reaction.
- + Catalytic amount of metal is needed. * It's.not asymmetric reaction.

- No side product is detected.

In the future intermolcular diamination reaction will be developed...
And if the catalytic asymmetric diamination is accomplished,
 this strategy will become most powerful in all synthetic strategies of diamine.
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