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Key Green Chemistry Research Areas

1. Development of effective and versatile methodology utilizing cheap/sustainable metals.

2. General methods for catalytic/sustainable (direct) amide or peptide formation.
3. Aliphatic and aromatic C—H activation, using green oxidants and giving predictable site selectivities.

4. Amide reductions avoiding LiAIH, and diborane. 5. Direct substitution of alcohols.

6. Catalyst immobilization without significant loss in kinetics.

7. Asymmetric hydrogenation of unfunctionalized olefins/enamines/imines.

8. Improved fluorination/trifluoromethoxylation.

9. Wittig chemistry without Ph;PO.

10. Alternatives for oxidations, C-O or C-N redox processes.  Bryan, M. C. et al. Green Chem. 2018, 20, 5082—5103.
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“Large-Scale Amidation for Process Chemistry” Magano, J. Org. Process Res. Dev. 2022, 26, 1562—1689.
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o) DBAA
0.5 mol°
o e e f“
1 I toluene (0 1 M)
R 2 oH R 110 °C, 2-24 h
. . no dehydration
1.0 equiv 1.0 equiv protocols >50 examples
(0] (0] (0 (0]
N~ > Ph N~ > Ph N~ >Ph N~ > Ph
H H H H
OH OH OH OH
Cl MeO

4 h, 86% 6 h, 97%°
XERE EwRE L AL DR R ER R % 5L 8%

Q§ TON = 7,500
/E‘L Aﬁ‘\ /\
Bes .
OH FEHRET7IVH ﬁﬁﬁﬁ_lﬁbo

o a,
24 h, 88% R=H: 24 h, 93% 24 h, 74%
a performed with 2.0 mol% of DBAA. 24 h, 96% R = Cl: 24 h. 76%

b Performed at 130 °C (bath temp.).
Org. Lett. 2019, 21, 4303-4308.

24 h, 99% (60 °C) 24 h, 75% (0.01 mol%)
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o) DBAA (0.5 mol%) O
N >
OH + L | N toluene (0.1 M) N
OH reflux, 60 h OHK
1.0 equiv 1.0 equiv  no azeotropic reflux Tropicamide

without any additive 759, isolated yield

1 gram scale
(no catalyst, 0%)

(¥304 /1.0 g, TCI) Single Step

J Br Br

(0]
L oad
OHK ~-N
Br Br
plcamlde, Mydrla vl | Diboronic Acid Anhydride
HIEELLTEELAEASK | | (DBAA)
* Antimuscarinic drug used for dilation of the pupil [ _ % ¥ | ( O A . :
e Listed on the World Health Organiztion’s List of [l = ' %7% AR’ EZ:ODFL\.'_‘FH‘W _ —
Essential Medicins el 1%7:}* 'f’F 'C y ZMTAFBEZTHERMINS
1 I*HE-C 5 E‘Z_.I- Beo

Org. Lett. 2019, 21, 4303-4308. 7 LESRER
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Chem. Commun. 2020, 56, 13145-13148.

DBAAfIE R It D H TS
WeinrebZSF & B

B K #E S TWeinreb 7R Z & B L =¥ D4
R’CH,MgCI o HO. .05 UH

(5.0 equiv) A \()J\,Ft' Br
(S

DBAA (2.0 mol%)
0 HN(OMe)Me

O
3.0 equiv)
R ( R )
\l/U\ on - \HL” OMe
DCE, reflux, 24 h 3

THF, rt, 24 h

OH OH Me
a-hydroxy  -H,0 without purification a-hydroxyketone Y F Y™
carboxylic acids minimum racemization natural products

FWEERRM S A~ DIGRA, 488 THELTRE (TR k) TERURTEE.

ot Swga
OH C OH OH
HO +

sattabacin kurasoin A kurasoin B
92%, >99% ee 70%, 86% ee? 75%, >99% ee
ﬁM " D"
OH HO G OH
saraph.'nn! A soraphinol B circumcin B
H,, R =Bn: 79% R=Bn:81% H,, R = Bn: 60%
Pd-C |—_-n H: 90%, 98% ee Pd-c . R = H: 88%, >99% ee Pd-C |—_-n = H: 90%, 86% ee?

9 Performed using acid with B6% optical purity as a substrate.
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1050591 KOHXFTFTEREHHELT.
= B BEOEBHENBL.
Q BRI R
0 Br DBAA Br 0
o+ HN" " Ph (1.0 mol%) . N ph
I toluene/H,0 (19:1, 0.1 M) |
Ph” "OH 110°C,4h Ph” TOH
1.0 equiv 1.0 equiv 95%

BB (<5 L TRA28EE ,
Gt (-5t CokAs2 8004z water 28 equiv/Substrate

EBELTWAEHTLRIENETT. 2,800 equiv/ Catalyst
FRAKFIDFRIMAE Dean-StarkEEBEZ ALV -HHIZIERE

0 0
A~ DBAA (5.0 mol%)
OH + HN™"Ph - N Ph
| toluene (0.1 M) |
Ph™ "OH 60 °C,4 h Ph™ "OH
1.0 equiv 1.0 equiv 98%

KWIERE D60 °CTEHEST
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i DBAA (5.0 mol%) 9
R1j/lLOH + - R‘j)LNH Br Br
CeHsCl (0.2 M) 2
Ll 110°C,24 h OH
1.0 equiv Using Aqueous NH a-hydroxy
(28% solution) ’ primary amides Br DBAA Br

3.0 equiv

i?iﬂﬁ‘t’fﬁﬁ?‘zf:?ﬁ’éﬁﬁb\f—% ﬁ?:b’%ﬁio

EWG = Cl : 85%
EWG = CF, : 97%

EDG = OMe : 88%”
EDG = OBn : 80%"

77%, 96% ee® (4 h) = 2= oH 759

2 Ee was determined by chiral HPLC analysis. © 10 mol % of DBAA 1 was used.

BnO 0 LiAIH, - BnO
(3.4 equiv)
NH, > NH,
’ THF (0.1 M) i
0 70°C,4h L o
Chem. Commun. 2023, 59, 7391-7394. without purification

Org. Biomol. Chem. 2025, 23, 2400-2410.

5&?5&?5@% AIRE,

NH,

OH

87%°

EEEEMEERK
5% Pd/C ~ Dt FAHl,
(20 wit%)

H, (1 atm)

HO
OH

(x)-octopamine
74% over 2 steps

MeOH (0.1 M)
rt,1h
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Catalytic Tripeptide Synthesis (2+1—3)

0 DBAA 0O

H H
(10 mol%s)
BocHN,, fJ\DH g N._CO,Et _ BocHN,, f-kﬂ N._ CO;Et
: DCE (0.05 M) :
OH 0 A reflux, 24 h on 2 -
Boc-Ser-OH H-Leu-Val-OEt Boc-Ser-Leu-Val-OEt
1.0 equiv 1.0equiv 247 — tripepﬁde 54%, dr >99/1
RIRTFREERE~DEAHI,

Catalytic Tripeptide synthesis (1+2—3)

S G 11
FmocHN H""I\)LDH + H,N” "CO,Et N » FmocHN "(lﬁ CO,Et
< OH

0 DCE (0.05 M)
OH reflux, 24 h
Fmoc-Leu-Ser-OH H-Val-OEt Fmoc-Leu-Ser-Val-OEt
1.0 equiv 1.0 equiv Epimerization Free 67 %, dr >99/1

1 + 2 — tripeptide

Org. Lett. 2020, 22, 8658-8664. J. Org. Chem. 2023, 88, 6901-6910.



L E—HADBAARLLE D

AR/KIEIEZ I E & L7300
BEZERKIEENTE > EREHLFLY
IRIEDEBEEEASTLY > ERAENASLY
FIEDEYIRWLHAESZ > EHENFLY
EFEDT Ak
RIS ZRPADRKFN(BLF 25— —TR)DRMOTLIVIR,
Dean-Stark3E & & FAUN - KB #E75 H58p 2% B 24k
ERPDERICALELGILA ABEALIE

SMcEERE2MA LU
L7 AZILRFE S hEFEEOSVVEREBESZICEGSNZLLY
= W AR E %




PEEE L g HRDBAAMIE DR

EIE SR OB ED T X
EYEIRN, SRR CEEICS AR AR ODN D,
S EE DS UL AR

EFOFOAIILRVEEICRESNT, LELGEEISERRIEER
ALIEDEFENKOLND,

FISFRIZIS U7c BIE R AR
RS F 1 — =V U B SRS ROEND,




MRS s
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee %_ﬁﬁ%tﬁd)é&;ﬁ

R ERICEZIREET S,
> BT TERAIRELAE DRENRE TH 1=,

Br nBuLi (2.5 equiv)
@Er "BuLi (0.55 equiv) g B(OMe); (5.0 equiv)
- - : L .
gr THF (0.40 M) g THF (0.10 M)
~78°Ctort,4 h Br ~78°Ctort, 14 h

then acidic work up

68 g sc:a.'e 2% 25 g scale

69% 4. pinacol (2.2 equiv)
toluene (0.20 M)

H,N HN refulx, 18 h
NEE (x equiv) 2. fuming HNO,
=48 “C,1h
DMF{D 20 M) O -
Ctort,4h NH, 3.Pd/C (10 w%), H;

R=H (x=2.0) MeOH (0.20 M)
R =Br (x=5.0) rt,5h
BUONO Br 70% (3 BtEPBI{“m“mm
(5.0 equiv) H G BBr, (5.0 equiv)
L
THF (0.40 M) g g R CH,CI, (0.10 M)
reflux, 4 h —40 °C, 30 min
H
R = H: 64% (2 steps) Br R = H: 79%
R = Br: 50% (2 steps) R =Br: 89%

Org. Lett. 2019, 21, 4303—4308.
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Br "BuLi (2.5 equiv)
@EB" "BuLi (0.55 equiv) O (OMe); (5.0 equiv)
> > o
5y  THF (0.40 M) O THF (0.10 M) total 59%
-78°Ctort,4 h —-78°Ctort,14 h

Br
then acidic workup

72% 82%

FHDBAARE D E KB EDE R

LIHMDS (1.3 equi "BulLi (4.0 equiv)
O B et
rsci 2 9D

- N
R S O L M
’ /L\ —78°Ctort, 17 h }s'n{ 18 g scale
then acidic workup
>99% TT%

Pocock, L. A.; Alya, A. M.; Jagdev, K.; Prior, C.; Burgess, G. R.; Male, L.; Grainger, R. S. Chem. Commun. 2021, 57, 7252-7255.
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1. pinacol (2.2 equiv) 4 NBS (2.0 equiv)

toluene (0.25 M) DMF (0.20 M)
0°Ctort,4h

reflux, 18 h Br Br
- -
2. fumlﬂng HNO, 5. 'BUONO (5.0 equiv)
—48°C,1h THF (0.10 M)

3. Pd/C (10 wt%), H,

reflux, 4 h
:’f: (0.10M) 6. BBr; (5.0 equiv)
’ CH,CI, (0.10 M)
—40 °C, 30 min —E D IFET
total 18% over 6 steps A LYATRT ZT71—FEE

FE_HXDBAAfREDEFBED/NOT 1L

Br Br
e

N rt, 10 min N
& _< >_5'| 5.0 g scale
/l\ 68% only 1 step /J\ NI LFFERD)—
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2nd generation 5 <k =
o H. gz Ccatalyst(2-10 mol%) 1 Q Q
1-”\ + ™ R i
H 1

OH R3 toluene, 110 °C

N
1-24 h R? >*5'I
1.0 equiv 1.0 equiv /]\

2nd generation catalyst

(carbazole-type DBAA)
OH © OH O /@/nme OH O
Fh)\/u‘yﬁpn Fh/]\/u\rlq thl\/”‘rlr"'
Me H H
82% 92% 83%
EROXT AL B BREEAFEETIV TUOERZTIKBRK

BHEOD=HT7IF (24,58 FH A gk (24 @A A gE
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2nd generation 5 ar ar
o H. g2 catalyst(2.0-10 mol%) Q Q
.+ N - FI'J'LM":'2
1

R! TOH g3 toluene, 110 °C, 24 h " |:|
i } <
Si
1.0 equiv 1.0 equiv /]\

2nd generation catalyst

(carbazole-type DBAA)
0 0 o gﬂ Me
F"/\)L’:‘ﬁph /Q)LF"AF" Ph N
Me Br H Ill
81% 82% 92%

Bfih)LR B ERICHEFEERDIVRVE BRIEEEFEEEKRTISY
[Z4,3E FH Al gE (24,8 F Al gE [Z4,3E F3 Al gE
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