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Nitrile as a Versatile Fuctional Group

NH,
rR—/
LiAIH,

O MesAl i-Bu,AlH O

R - R—CN —_— R—{

H

H;0%, OH", H;0%, OH"
[M]
(0]
R
NH,
(o) (o)
L o) R Et;B, O,
. benzene
A _)l\ + ‘0 —_——
- TePh /
o. .0
e (1.5 eq.) :
. . R=H: 1.4% * 2 steps yield
R = CN: 48%* after TBS enol ether formation

1) Matoba, H.; Watanabe, T.; Nagatomo, M.; Inoue, M. Org. Lett. 2018, 20, 7554. N



Problems in Hydration of Nitriles

1. over-reaction
(0] (0]

R—CN H30" or OH'> JL .......... - )]\

R” “NH, R” “OH

2. chemoselectivity
o OH

[M] or H;0™ or
CN CN
W > é\ﬁn)LNHz )\H’

3. hydration of cyanohydrins

R! R2 high temperature R1
X - > }\ , + HCN
HO CN 0 R catalyst poison
HO CN HO CN HO CN HO CN HO CN
H H H Ph Ph Ph
-
unstable

difficult to hydrate

Though the reaction is fundamental, above problems remains (especially 3).
Mild and efficient conditions have been investigated.



Conditions with Water Surrogates

Drawbacks in hydration catalysts: Pd" Ph——=N
low nucleophilicity of water under neutral conditions Ph—CONH,
-Transfer hydration from amides MeCN

. 1).

first example 1): Ph—=N- -Pg

NH, 0
\n/ PdCl, (10 mol%) NH,
Ph—CN + —_— \n/
(o Pd"

THEH,0 311) P NH;
(4 eq.) rt, 6 h
complete conv. )]\7(
of benzonitrile
(yield not mentioned)

Ph—=N

-Transfer hydration from aldoximes Pd"
first example 2): Ph—CONH,
MeCN
o
Pd(OAc), (10 mol%) o Ph—=N- -Pd"

\l PPh; (20 mol%)
Ph—CN + —_— )]\ H
H 1_Pd" |

OH EtOH/H,0 (4/1) Ph NH;

reflux, 3 h, 89% NJ
(2 eq) N OH
(o) Ph
RhCI(PPh;);/acetaldoxime?), InCl;/acetaldoxime? CuO/acetaldoxime®) \}
conditions were also reported. * The reaction also proceeded without

PPh, (82% yield)

1) Maddioli, S. |.; Marzorati, E.; Marazzi, A. Org. Lett. 2005, 7, 5237. 2) Kim, E. S.; Kim, H. S.; Kim, J. N.
Tetrahedron Lett. 2009, 50, 2973. 3) Lee, J.; Kim, M.; Chang, S.; Lee, H. Y. Org. Lett. 2009, 11, 5598.

4) Kim, E. S.; Lee, H. S.; Kim, S. H.; Kim, J. N. Tetrahedron Lett. 2010, 51, 1589. 5) Ma, X.Y.; He, Y.; Hu, Y.
L.; Lu, M. Tetrahedron Lett. 2012, 53, 449.



Recent Progress in Cyanohydrin Hydration

Pd(NO;),

HO CN (X mol%) HO CONH,
+ R}CONH, > X + RCN
R "R? AcOH R “R?
(4 eq.) 50 °C, 10 min

/l\ HO CONH,
HO” “CONH, \\/><\//

HO” “NCONH,

R3 - n-C5H11 R3 - n-C5H11 R3 - n-C5H11

X =2,98% X=2,96% X=3,92%
HO CONH,

HO CONH, HO CONH,

Phx PhXPh Q.O

R3= n-CsHy4 R3=CH; R3=CHj,

X =4,98% X=5,75% X=10,77%

Kanda, T.; Naraoka, A.; Naka, H. J. Am. Chem. Soc. 2019, 141, 825.
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Ghaffar-Parkins Catalyst

R, R2 - air-stable
O0—P ‘“\P\OH - three Me,P(O)H ligands,
H:, Pt two of which are binded by hydrogen bonding
O_Ez H - described by Ghaffar and Parkins in 1995
Ghaffar-Parkins catalyst (A, R=Me)
Synthesis: o \P/ }p{
PtUPPhy), + MeP(O)H —— HI_ pel  OH
(5 eq.) toluene O-P\ H
75% /
- Ph analogue (R=Ph) was known in 1975, and used in hydroformylation?. R
2
Comparison of TOF (mol of amides/(mol of cat h)) R2 WP
H"O_P, . “OH
precursor acetonitrile acrylonitrile benzonitrile o=p' V(I
R2
1b 20 68 35 R = Ph, 1b
R = Me, 2b (precursor of A)
2b 488 1800 610 R = -(CH,),-, 3
3 90 670 140
Mez I\P,Ie2
O—P, YN
4 186 310 230 . 2 0l Ph
H. PN
‘O=P? (o]
- Bulkiness of ligands affect the efficiency of the reaction. 4 Me,

- OH group plays important role in efficiency. (2b vs 4)

1) Beaulieu, W. B.; Rauchfuss, T. B.; Roundhill, T. B. Inorg. Chem. 1975, 14, 1732.
2) Van Leeuwen, PW.N.M.; Roobeek, C.F. Adv. Chem. Ser. 1992, 232, 367.
Ghaffar, T.; Parkins, A. W. J. Mol. Cat A 2000, 160, 249. S



Secondary Phosphine Oxide as a Ligand

H
R\ﬁ/R — R\T/R Base ) R\T/R ‘ ) R\?/R
0] OH 0@ 0]
secondary phosphinous [M] phosphinito
phosphine oxide acid (A) (B)
HO
\
R—P--M
/
R

Tri-coordinate form of (A) can coordinate to a metal ion like a tercially phosphine, and
various metal complex with (A) or (B) have been synthesized.

Unique coodination to metal:
Ph

| _Ph

Phop H 0—p{ ,PPhs

Ph,P(O)H pt'l Ph,P(O)H p° pil

Pt°(PPh;), ———— _aZ N\ N 7\
O=F 'PPh O—R 'H

7\ 3 7\

Ph Ph Ph Ph

(C) (D)

Commonly, protonation of compound Pt°L, with HX leads to [Pt"HL;]X or Pt"HXL,.

However, in this case, (D) is obtained instead of (C).

Roundhill, D. M.; Sperline, R. P.; Beaulieu, W. B. Coord. Chem. Rev. 1978, 26, 263.



Early Work with Platinum Salts and Nitriles

- First observation of acetamido formation :

DG

Cl,Pt(MeCN), + Ag,S0O, aq. O--Pt—NH . H,0

(')_

b =N
"platinblau”

(composition fomula)

The generated acetamido was not released from the coordination sphere.

- The most efficient platinum catalyst for hydration of nitriles before Ghaffar-Parkins
catalyst: trans-[PtH(H,0)(PMe;),]J[OH] ?
conditions: MeCONH,

PtHCI(PMes),, NaOH (1 eq.) H,,Pt".o‘PM% H,0
CH5;CN/H,0 (1/1), 78 °C H,0 MeP™ | ~OH
acetonitrile hydration at 78 °C: 178 TOF +
(cf. NaOH cat. at 78 °C: 0.4 TOF) H, .aPMe; He wPMe| o
Pt Pt
MesP”  YNHCOMe Me;P”  YOH,

+ H20
PMe . /
\ HI'Pt"‘\\\ 3 OH AeCN

Me;P”  YNCMe

1) (a) Hofmann, K. A.; Bugge, G. Chem. Ber. 1907, 40, 1772. (b) Hofmann, K. A.; Bugge, G. Chem. Ber.
1908, 41, 312. 2) Jensen, C. M.; Trogler, W. C. J. Am. Chem. Soc. 1986, 108, 723.



Comparison with Other Platinum Catlysts

catalyst Z NH, HO \CN
é
é\CN + \/\CN + 0\/\
1 O 2 3 CN
TOF (mol. of product/mol. of cat h)
cat. temp (°C) ] 5 5 selectivity for nitrile
A 90 1485 - - >99
B 25 6.2 0.02 0.19 97
B 80 65.0 84.5 10.5 29
C 80 1.8 25 20.9 7.5
D 80 2.2 0.25 2.45 45
PR '
—p~ P PMe _ . Pi-Pr PEt
qe0 e ToH Ho0, ot | OH i-PrsPrg et 0 Ph, pirt
\O—P‘\ “H Mes,P” YH i-PrsP” YPi-Pr;  Et,P” YNHCOMe
(Ghaffar-Parkins cat., A) B C D

Ghaffar, T.; Parkins, A. W. J. Mol. Cat A 2000, 160, 249.



Proposed Mechanisms
| H,0 | |

/ \P / ‘\P\OH
O_P/ ot N O_Pl ot
WO et O == w el
O-P‘ H -H O-P‘ OH
/ \ 2 AN
(Ghaffar-Parkins cat.) _ | -+
7~
Q ,O_P/,/ "\P\OH -
)]\ H\0 PthII OH RN
R” ~NH, 7N\
- l -+ - l - +
| - p<
o—p .P<g o—p” ~F~OH
HO pt! OH HZ Pt!
\o—P'\ N \O—P'\ "
/Ny R / \\
— H - five-membered ring - -
. . R
intermediate
— l -
l -
_o—p .P<o
H Pt
H,O ~ A
2 O=P, ~N;\\
/\ ] R
H

Ghaffar, T.; Parkins, A. W. J. Mol. Cat A 2000, 760, 249.



Application in Total Syntheses

AcO OAc
.0
A&%&‘ﬁ
o

MeO OAc

MeO OH

R=CN [Pt] (5 mol%) _
R = CONH, EtOH/H,0 (9/1), 70 °C, 100% capuramycin
0 o o
N ~ \H .
NHCbz H,, PdIC QH,
>
MeOH
R=CN [Pt] (40 mol%) _
R = CONH, < EtOH/H,0 (3/1), 80 °C, 86% SB-203207

(Dpm: 1,2-diphenyimaleyl)

1) Kurosu, M.; Li, K.; Crick, D. C. Org. Lett. 2009, 11, 2393. 2) Kan, T.; Kawamoto, Y.; Asakawa, T.; FLMJta, T;
Fukuyama, T. Org. Lett. 2008, 710, 169.



Other Synthetic Applications

- Conversion of nitriles into N-substituted amides ! ([Pt]=Ghaffar-Parkins cat.)

H,O(2eq.) [ 7
[Pt] (0.1 mol%) NH 0
R-CN +  RZR°NH J]\ |
DME, 160 °C | R" "NRZR® R'" “NRZR?
(1.1 eq.) (1.0 eq.) L J
R'-CN = MeCN, PhCN, n-C4H,5CN
RZR3NH = PhNH,, n-PrNH,, BnNH,, pyrrolidine, piperidine, morpholine

~ o [Pt] (0.1 mol% /\(
CN * ~"NH, DME, 160 °c —7

yield not mentioned
- Synthesis of isoquinolones by intramolecular cyclization 2

OEt
CN [Pt] (10 mol% IN
EtOH, reflux, 16 h
N
X 48% 15%

Ph

48% HBr, AcOH
50 °C, 92%

1) Cobley, C. J.; van den Heuvel, M.; Abbadi, A.; de Vries, J. G. Tetrahedron Lett. 2000,
41, 2467. 2) Li, J.; Chen, L.; Chin, E.; Lui, A. S.; Zecic, H. Tetrahedron Lett. 2010, 51,
6422.




Limitations

Hydration of cyanohydrins: limited scope?

OH
Ho—l—cny HOS_CN  HO___CN HO__ _CN HO__ _CN
CN
Ph

Me
Me
2.7% 0% 4% 14% 69% 51%
TON: 3 TON: 0 TON: 66 TON: 3 TON: 110 TON: 41

TON = mol. of amide/ mol. of cat.
Circumvention of above problems: protection of hydroxyl group 2

O"Bu O"Bu
N \l/ [Pt]
Z "0"Bu EtOH/H,0
\l/ H2$04, 0°C (o) CN reflux (o) CONH2 HCI aq. HO CONH2
—_— —_—
62% Ph 88% Ph 42% Ph

([Pt]: Ghaffar-Parkins cat.)

1) Ahmed, T.J.; Fox, B.R.; Knapp, S.M.M.; Yelle, R.B.; Juliette, J.J.; Tyler, D.R. Inorg. Chem. 2009, 48, 7828.
2) Papakyprianou, A.; Parkins, A.W.; Prince, P.D.; Steed, J.W. Org. Prep. Proced. Int. 2002, 34, 436.
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Research topics

Robert H. Grubbs

- B.S. Chemistry, University of Florida, Gainesville, Florida (1963)

- M.S. Chemistry, with Prof. Merle Battiste, University of Florida,
Gainesville, Florida (1965)

- Ph.D. Chemistry, with Prof. Ronald Breslow, Columbia University,
New York, New York (1968)

- NIH Postdoctoral Fellow in Chemistry, with Prof. James P. Collman,
Stanford University (1968-1969)

- Associate Professor, Michigan State University in East Lansing,
Michigan (1969-1978)

- Professor, the California Institute of Technology in Pasadena,
California

1. Organometallic synthesis and mechanisms

- Catalysts for olefin metathesis

2. Organic synthesis

- Catalysts that provide high enantioselectivity in RCM and high stereoselectivity in cross metathesis
- Other metal-catalyzed reactions including oxidations and tandem metathesis/oxidation

3. polymer synthesis

18



Concepts

\ \p/ electron- \ / electron-
O—P;, . SoH rich.—_p, WP _ . deficient
* - " .
H’*o_P'Pt \H VS < 'Pt"\
/ N\ 2 X/

Ghaffar-Parkins cat. "donor-acceptor”- type catalyst

Modification:
Introducing an instead of two bridging PMe,OH ligands
Effect:

1. Enhancing nucleophilicity of OH group
2. more polarization— softer cationic center—facilitation of CN activation

Expected advantages:

1. High TON and TOF
2. Reaction proceeds at ambient temperature
3. Cyanohydrin hydration

Xing, X.; Xu, C.; Chen, B.; Li, C.; Virgil, S. C.; Grubbs, R. H. J. Am. Chem. Soc. 2018, 140, 17782



Screening of Bidentate Ligands

(0
CN
Ph NH

(20 umol scale) 2

08 oRe o008 8S Me,HP=0 @0 ocssss
.....'.{CQD}Fﬂ:l LA R NN NN 2 see0 e gMm ' . -—L"
I 2 0000000 NENAGOTI o 00000 2 o000 0ee -
800t P gq00000————P 000000880 ‘ e -
sssssee sesssee TIEEXL
N R RN NY secssese A RN NN Y !

Bi

i

dentate . . .
igands (42 ligands) LoPtCl; L.Ft{PMe,OH)X, Reaction mixtures LC-MS

><]/\Pth e YT | e
PPh, PPh, !

o Fe
(R,R)-DIOP (R)-SDP (S,S)-BDPP DPPF &y —PPh;
66% conv. 72% conv. 66% conv. 69% conv.

||||'|'|

@‘P

@ . o4 Q
F,e \Q
(2S,4S)-Et-FerroTANE Et (2S,5S)-Me-Ferrocelane $ Josiphos SL-J015-1

64% conv. 64% conv. 65% conv.
20

Xing, X.; Xu, C.; Chen, B.; Li, C.; Virgil, S. C.; Grubbs, R. H. J. Am. Chem. Soc. 2018, 140, 17782.



Synthesis of Catalysts
PMe,OH
&S —reh, CH,CL, @—Pth 2 C| Agecz,Tf ©_Pph2 2 PMe,OH

Fe + (COD)PtCI, » Fe » Fe Pt@
oph 23°C, 4 h : Péh Cl CH,Cl, : o %Tf
Q_ 2 85% &= PPh; 23°C,4h =F 2
(800 mg scale) 76%

(200 mg scale)

- Synthesis of the catalyst with more electron-rich ligand

NI Qﬁ Q)j
P < PMe,OH

+ (COD)PtCI, |= Fe Pt @ ©
23°C,4h CH2CI2 / c| OTf

D— 82% D— 23°C,4h D—
(180 mg scale) 76%
‘ Y 4 (180 mg scale) \ Y

Xing, X.; Xu, C.; Chen, B.; Li, C.; Virgil, S. C.; Grubbs, R. H. J. Am. Chem. Soc. 2018, 140, 17782. 21



Substrate Scope

HO CN 2a or 2¢ HO CONH,
R—CN or )l\
R'" "R? AgOTf, THF/HZO R2
40 °C, 12 h (with 2a)
23 °C, 12 h (with 2¢)
CN
NC N
o N CN

2a: 52% 2a: 95% 2a: 96% 2a: 64%

TOF: 17 TOF: 79 TON: 960 TON: 254

1a: 99%*, 97%** 1a: 95%*, 96%** 2c: 95% 2c: 45%

TOF: 17*, 3.3** TOF: 54*, 2.4** TON: 950 TON: 156

*at 80 °C *at 80 °C

**at 45 °C **at 25 °C

OH
HO” NCN HO CN cN (TOF = TON/hour)

2a: 88% 2a: 37% 2a: 22%
TON: 880 TON: 112 TON: 43
2c: 98% 2c: 54% 2c: 37%
TON: 395 TON: 216 TON: 74
1a: 4% 1a: 3% 1a: 14%
TON: 66 TON: 3 TON: 3

1 7/

Fe Pt@

X \
@—' P/ C}) %Tf
2c D—

=N\, /
—
I
e
/O_FI’// “‘\P\OH
H Pt
So=P! “H
/ \

Xing, X.; Xu, C.; Chen, B.; Li, C.; Virgil, S. C.; Grubbs, R. H. J. Am. Chem. Soc. 2018, 140, 17782. 22
Jiang, X.-B.; Minnaard, A.J.; Feringa, B.L.; de Vries, J.G. J. Org. Chem. 2004, 69, 2327.



Comparison of Catalytic Act|V|ty > “ Do

| \\||:\/ ©_Plzh2,PMe20H ©_PP"2PM9.20H \ PMeZOH

—roat TOH ' Pt + ' Pt+ Pi+
HLomr e / ¢l - e A
7AN i—ren,” o @—Pphz ore b o
1a 2a 2c = \ /
A, 0 o
—
CN catalyst (5 mol%)
@A/ additive - NH,
7 THF-H,0, 23-40 °C 3
(1)~(5) vs (6):
1 (1) 4* ==zt agore (1) TOF: 2a, 2b, 2c > 1a

oe —&—11, 40°C, AgBF4 (2)

[V I Za, 40 T, AgOTE (3)

o7 (3) —=—1b, 23°C, AgBF4  (4) — (4)
0k ———Ta, 40 % po additive (5) /,-/

i 18, 40 °C (6) //”" ()

Conwversion

P————y ()

30 A =0

Tirma, min

(2) vs (4)
TOF: 40 °C > 23 °C

(1) vs (4)
TOF at 23 °C: 2¢ > 2b

(3) vs (5)
TOF: with AgOTf > no additive

£O

Xing, X.; Xu, C.; Chen, B.; Li, C.; Virgil, S. C.; Grubbs, R. H. J. Am. Chem. Soc. 2018, 140, 17782.



Relationship between Phosphme Ligands

Fic CFy

Me Me

R 40 @@” QEL
: P‘a;lf"""ﬂ" } |:', P\;prma:cm \+fpm,m-| . \H PM-;QH
,&_P/ o on W—Ff e O oTt

Zo~-  OU gﬁ@ 1;}

e cFJ
2c 2a

more electron-donating phosphine ligand
increasing activity

Za, 40 °C, AgOTH
v —e—2¢, 239C, AgOT! _—
0.8 f +—2d, 40 °C, AgOTF e
f —+—28, 40°C, AgOTH -

0.7

Conversion

1] 10 20 30 40 50
Time/min

24

Xing, X.; Xu, C.; Chen, B.; Li, C.; Virgil, S. C.; Grubbs, R. H. J. Am. Chem. Soc. 2018, 140, 17782.



Summary

HO CN 2a or 2¢ j\ HO CONH,

R—CN or y or
R RZ AgOTf, THFH,0 R 'NH; R" “R2
40 °C, 12 h (with 2a)
23 °C, 12 h (with 2c)

efficiency of the catalyst: —
| ~ IO
=~
| < @Pﬁhg PMe,OH

—_— -~ ‘\\P
70 p ToH < Fe P{® < ©._P ,PMe,0H
\O-P‘\ H : PI/Dh\CI %Tf e /Pt‘@
/ = PPh <P Cb %Tf
Ghaffar-Parkins cat. 2a 2c \
= /
——
-

more electron-rich ligand

- Hydration of nitriles can proceed in lower temperature by changing ligands
into more electron-rich bidentate ones.

- Substrate scope of cyanohydrins is expanded with 2c.
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