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17 ABSTRACT: Nitrile hydration provides access to amides that are indispensable to researchers in chemical and pharmaceutical

18 industries. Prohibiting the use of this venerable reaction, however, are 1) the dearth of biphasic catalysts that can effectively hydrate

19 nitriles at ambient temperatures with high turnover numbers, and 2) the unsolved challenge of hydrating cyanohydrins. Herein, we

20 report the design of new “donor-acceptor”-type platinum catalysts by precisely arranging electron-rich and electron-deficient lig-

21 ands trans to one other, thereby enhancing both the nucleophilicity of the hydroxyl group and the electrophilicity of the nitrile

22 group. Leveraging a high-throughput, automated workflow and evaluating a library of bidentate ligands, we have discovered that

23 commercially available, inexpensive DPPF [1,1’-ferrocenendiyl-bis(diphenylphosphine)] provides superior reactivity. The corre-

24 sponding “donor-acceptor”-type catalyst 2a is readily prepared from (DPPF)PtCl,, PMe,OH and AgOTf. The enhanced activity of

25 2a permits the hydration of a wide range of nitriles and cyanohydrins to proceed at 40 <C with excellent turnover numbers. Rational
reevaluation of the ligand structure has led to the discovery of modified catalyst 2c, harboring the more electron-rich 1,1'-bis[bis(5-

26 methyl-2-furanyl) phosphino] ferrocene ligand, which demonstrates the highest activity towards hydration of nitriles and cyanohy-

27 drins at room temperature. Finally, the correlation between the electron-donating ability of the phosphine ligands with catalyst effi-

28 ciencies of 2a, 2c, 2d and 2e in the hydration of nitrile 7 are examined, and the results support the “donor-acceptor” hypothesis.

29

30

31

32 INTRODUCTION dration of nitriles b% glatinum complexes has become a pow-

33 In the field of chemistry, hydration is a term describing a  €rful synthetic tool.” * Several recent reports have utilized the

34 transformation where water is added across a functional group, nitrile hydratlon catalyzed by 1a to unveil an amlo!e 59_940“0”3'

35 resulting in the addition of a hydroxyl group (HO") to one end grouplm the COTItEXt of _compllex mglecule syntheswé.o 10'30%"'

36 and a proton (H") to the other. Due to its inherent green char- evgr, a genetrr? y requires et elvaie temperi':ltu(rjegs (80- )

37 acteristics and atom economy, this process is desirable for and € ~ catalyst oading IS
generating industrially useful products, for instances, olefin A. Previously reported catalytic nirile hydration  pisagyantages:

38 and nitrile hydration produce valuable alcohol and amide ~ MLn NH, - High temperatures:

39 commodity chemicals."? Furthermore, the hydration reaction R N = Co Mo Ru I, R 2:'0.'1h8°:°| ¢ loadings:

40 generally proceeds in a biphasic (aqueous and organic) solvent Rh, Pt, Ni © " sterically hindered nitrles

41 system; however, the majority of transition metal catalysts B. Unsolved challenges for cyanohydrin hydration

42 cannot survive reactions performed in water and thus require o HO_ ON  4aor1p  HO i

43 storage under inert atmosphere and necessitate specialized )J\ + HON —/—= )( Jaorb R1>|)J\NH2

44 equipment. For this reason, developing new highly efficient R Ry RRe o

45 and catalytic hydration reactions still remains a challenge.3 @__<°” b= [Ru?ﬂ's_p:y:::n;;zf(NMez,d

46 Amides are key intermediates in the fine chemical and pol- CN

47 ymer industries; for instance, there are many different widely Me. OH 1a:y2ie‘d:0 OH /_<0H

48 used nylons that are made from polymers derived from am- MeXCN TON: 0 HO_CN Me_( wd N

49 ides.* Hydration of nitriles is the simplest and most direct way , oH 4 s N 6

50 to produce amides and thus there is a compelling need to de- 12t yield: 27% <:><cn taiyield: 4% 1 yioid:6o% 10 Y %1%
velop practical and biphasic catalysts to efficiently hydrate TON: 3 Y 1b: g 50% A '

51 nitriles, particularly cyanohydrins.>® Although transition met- e Y e a9 TONZ20 TON » 20

52 al-catalyzed selective hydration of nitriles has been reported TON:3

53 with the use of cobalt (Co),”® molybdenum (Mo),® iridium ) ) o ]

54 (11, rhodium (Rh),™*2 ruthenium (Ru),"** platinum (Pt)'*® Figure 1. Hydration of nitriles and cyanohydrins

55 and nickel (Ni),” the harsh conditions and low turnover num- frequently increased to 10-25 mol % to expedite the reaction.

56 bers (for sterically hindered nitriles) impede the general ap- Furthermore, limited success has been achieved in cyanohy-

57 plicability of these catalysts (Figure 1-A). Seminal work was drin hydration (Figure 1-B). For example, Parkins catalyst (1a),

58 achieved by Parkins and coworkers with the discovery of which has proven to be the most reactive and versatile in ni-

59 HPt[(PMe,0),H](PMe,OH) (1a) in 1995, and since then, hy- trile hydration, demonstrates very low efficiency for hydration
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of cyanohydrins; only two cyanohydrins, lactonitrile (5) and 2-
hydroxybutyronitrile (6), can be hydrated by 1a.” Further
studies revealed that HCN, generated by dissociation of cya-
nohydrins, irreversibly binds to 1a, is responsible for deactiva-
tion of the catalyst with cyanohydrin substrates.”® In 2012, a
new catalyst [Ru(7°-p-cymene)Cl,P(NMe,);] (1b) was report-
ed to hydrate glycolonitrile (4) and lactonitrile (5) with com-
plete conversion.?” However, the catalytic hydration of cyano-
hydrins, especially ketone-derived cyanohydrins, still re-
mained a long pursued but unsolved challenge.?

There are three dimethylphosphine oxide (Me,HP=0, exist-
ing in equilibrium with its phosphinous acid form PMe,OH)
ligands arranged in the Parkins catalyst (1a); two of them are
associated by hydrogen bonding, while the third dime-
thylphosphine oxide at Pt that is trans to one of the other two
provides a free hydroxyl nucleophile to attack the nitrile (Fig-
ure 2-A).%% We envisioned that the two bridging PMe,OH
functioned as a masked bidentate ligand through hydrogen
bonding, and stabilized the entire Pt-complex. As a result,
introducing an electron-rich bidentate ligand instead of two
bridging PMe,OH ligands and an electron-deficient dime-
thylphosphine oxide on platinum center will form a “donor-
acceptor”-type catalyst. Furthermore, the platinum, which
inherently adopts square planar geometry, would precisely
make the electron-rich and electron-deficient ligands trans to
each other in a nearly linear arrangement, and therefore serves
as a platform to realize the “donor and acceptor” property of
the catalyst. We assumed the key features that would enable
these new catalysts to accelerate nitrile hydration and even
solve the challenge of cyanohydrin hydration are: 1) the elec-
tron-donating nature of the bidentate ligand would significant-
ly enhance the nucleophilicity of the hydroxyl group in the
trans PMe,OH ligand; 2) the “donor-acceptor” system could
afford a more polarizable catalyst,? thus facilitating the acti-
vation of nitriles.*® Herein, we report new designed “donor-
acceptor”-type platinum catalysts that are highly effective in
hydrating both nitriles and cyanohydrins at lower temperatures
with excellent turnover numbers (Figure 2-B). Several optimal
donor ligands of the ferrocenyl-phosphine family were identi-
fied by high-throughput screening of a library of bidentate
ligands. Based on the screening results, the most highly active
catalyst 2¢ was discovered by turning to the more electron-
donating 1,1'-bis[bis(5-methyl-2-furanyl) phosphino] ferro-
cene ligand. This robust catalyst can hydrate nitriles and more
importantly, cyanohydrins, at room temperature with good to
excellent turnover numbers.

A. donor-acceptor
Me, Me; Pt Me Advantages:
O-P P P P i
s ol CM oH| x iy
.t I~ Vs e < 1. Tunable activity
0~pP~ .-~ H wPo-0T X 2. High TON and TOF
v Me; X = Cl or OTf 3. Ambient temperature
4. Cyanohydrin hydration
1a P
Parkins Catalyst C = Electron-rich bidentate
P phosphine ligand
B. o
L —par; pie,on i
] \+/ R” "NH
Fle Pt X 2
R—C=N @—Pﬁrz\m (TON up to 12,712)
or AgOT, H,0/THF s
HO CN 23-40 °C HO
2a Ar = Ph, X = OTf Ry NH,
R{ R, 2b Ar=Ph, X = BFy4 R;

2c Ar = 5-Me-2-furyl, X = OTf (TON up to 880)

Figure 2. Our designed “donor-acceptor” catalysts and their
high activities in nitrile and cyanohydrin hydration

RESULTS AND DISCUSSION

Our strategy to identify the optimal “donor-acceptor”-type
catalysts is outlined in Figure 3. The evaluation of bidentate
ligands proceeded by assessing the feasibility of hydrating
hydrocinnamonitrile (7), and the screening was conducted
using high-throughput techniques (Figure 3-A).* Complexes
with the structure (L;~L,)Pt(PMe,OH)(OTf), were generated
from a panel of 42 representative chiral and achiral bidentate
ligands, along with commercially available (COD)PtClI,,
PMe,OH and AgOTf. Our designed procedure is described as
follows: a stock solution of (COD)PtCI, was added to the pan-
el of 42 vials, each of which contained one bidentate ligand.
The corresponding (L;~L,)PtCl, complexes generated were
then treated with stock solutions of dimethylphosphine oxide
and AgOTf. The 42 “donor-acceptor”-type catalysts, in the
form of (L;~L,)Pt(PMe,OH)(OTf),, were thus generated in
situ and their activities towards nitrile hydration were evaluat-
ed by adding a stock solution of nitrile 7. After 10 minutes, the
mixtures were analyzed by LC-MS. To our delight, a number
of bidentate phosphine ligands exhibited excellent activity (>
60% conversion) within 10 minutes at 40 <T (Figure 3-B). In
general, bis-aryl-substituted phosphine ligands provided opti-
mal  conversions; for instance, (S)-SDP  [(S)-7,7’-
bis(diphenylphosphino)-1,1°-spirobiindane], (S,S)-BDPP [(2S,
4S5)-2,4-Bis(diphenylphosphino)pentane and (-)-DIOP [(4R,
5R)-(-)-Bis(diphenylphosphinomethyl)-2,2-dimethyl-1.3-
dioxolane] afforded 72%, 69% and 66% conversion, respec-
tively. Additionally, more electron-rich ligands exhibit higher
reactivity; for examples, Josiphos SL-J0O05-1 [R)-1-[(Sp)-2-
(Diphenylphosphino)ferrocenyl]ethyldi(3,5-xylyl)phosphine]
affords 49% conversion while SL-J015-1 [(R)-1-{(Sp)-2-[Di(2-
furyl)phosphino]ferrocenyl}ethyldi(3,5-xylyl)phosphine] gave
a higher conversion of 65% under identical conditions. We
were also pleased to find that the commercially available, in-
expensive ferrocenyl phosphine ligand, DPPF [1,1’-
ferrocenendiyl-bis(diphenylphosphine)], achieved the second
highest activity towards hydration of 7 (69% conversion).
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Figure 3. Screening of bidentate ligands via high-throughput techniques: (A) Schematic representation of the experimental process (B)

Structures of 42  bidentate

ligands

and their corresponding conversions in  this high-throughput  experiment
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Scheme 1. A “donor-acceptor”-type catalyst 2a and its high
activity towards hydration of a wide range of nitriles and

cyanohydrins

o
1}
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9
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s

S
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96% yield, 960 TON

Qm
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96% yield, 385 TON

Rasely

with 2a (0.25 mol%) with 2a (0.25 mol%)
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. O
cN CN
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In light of these screening results, the DPPF-based platinum
catalyst 2a was synthesized (Scheme 1-A). We established
that the reaction of (DPPF)PtCIl, with dimethylphosphine
oxide and AgOTTf at room temperature for 3 h affords the air-
stable crystalline solid 2a.*>*® The activity of the newly syn-
thesized “donor-acceptor”-type catalyst was evaluated by
performing the hydration of different nitriles and cyanohydrins
at 40 < (Scheme 1-B). The catalytic protocol exhibits consid-
erable scope. Reactions with various nitriles, including those
that are sterically hindered (for example, 20, 21, and 22), were
generally conducted with 0.1-0.25 mol % catalyst 2a, and full
conversions were readily achieved at 40 <C in 12 hours. The
corresponding amides were isolated in excellent yields,

demonstrating impressive turnover numbers. Catalyst 2a also
exhibits high selectivity towards nitriles in the presence of
alkenes and alkynes (11, 17 and 18). Furthermore, turnover
numbers in the hydration of acetonitrile (9) are as high as
12,712 by catalyst 2a at 40 <C for 40 h, more than twice the
previously reported maximum turnover number as 5,700 by
Parkins Catalyst (1a).” We were pleased to find that enantio-
merically enriched nitrile 24 does not lose the stereochemical
fidelity under the hydration condition.* Prior difficulties asso-
ciated with the hydration of cyanohydrins stem from the rapid
liberation of cyanide at higher temperatures thus poisoning
noble metal catalysts. ° As a result, there have been no nitrile
hydration catalysts capable of converting cyanohydrins to their
hydration products with good turnover numbers. To our de-
light, the catalytic hydration of cyanohydrins, including 1 and
3 that had yet succumb to hydration, was achieved by 0.1-0.5
mol % of catalyst 2a with good yields and excellent turnover
numbers.

With these results in hand, further modification of catalyst
2a was attempted through the preparation of catalysts 2b (with
tetrafluoroborate as the counter ion) and catalyst 2c (with a
more electron-donating 1,1-bis[bis(5-methyl-2-
furanyl)phosphino]ferrocene ligand) (Scheme 2). The X-ray
structures of these complexes show that the dia-
rylphosphinoferrocene bound cationic platinum center retains
a nearly flat, square planar coordination geometry. The P’—Pt—
Pmeomy angles in 2a, 2b and 2c are 167.6< 166.5°and 167.1%
respectively, which indicate the near linear orientation of P’—
Pt—Pove:ony. This arrangement would benefit the “donor-
acceptor” interaction between P’—Pt bond and Pt—Pgeom)
bond, thus enhancing the nucleophilicity of the hydroxyl
group in PMe,OH ligand towards nitriles. In addition, the fer-
rocenyl ligand is twisted by 29<in order to present the two
phosphorus atoms to platinum with a relatively large 100 °P-
Pt—P’ bite angle; as a consequence, the CI-Pt=P(yeony angle
becomes compressed in these complexes which may reveal
another reason for the enhancement of the activity of these
catalysts towards nitrile hydration.

Scheme 2. Modified catalysts 2b and 2c

Me,HP=0 &
<§ §>_pph 2 @—PPh
W2 Ol " agBF Q2 PMe,0H

1 4 \ /\
Fe Pt ——— Fe Pt -
! /N ! 7N\ BF, /\ A
== R AR =~ X
76% yield e Xray of 2b
2b P'—Pt—P ;0 = 166.5°

P—Pt—P" = 100.0°
Cl—Pt—P ye:0n) = 82.7°

Me,HP=0

Agoﬂ \ +/PMe20H
Fe P
H 7 e
CH Clz 3h @—P' OTf
76% yield ’
I Me =% | / X-ray of 2¢
/ =~ P'—Pt—P gyez0m) = 167.1°
P—Pt—P" = 98.5.0°

Me  2c CI—Pt—Pyg.o) = 83.3°

For comparison, the efficiency of catalysts 2a—c and Parkins
catalyst (1a) were assessed in the hydration of 20 equivalents
of nitrile 7 (Figure 4-A). Catalyst 2a without any additive has
already exceeded the rate of nitrile hydration observed by la
at 40 <C. Upon addition of 1 equivalent of corresponding sil-
ver salt to abstract the chloride ligand, both catalysts 2a and
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2b show dramatically enhanced activity towards hydration of
7 at 40 <C. Notably, catalyst 2c, which contains a more elec-
tron-rich ligand, provides full conversion of 7 within 10
minutes at room temperature. This represents a >30-fold ac-
celeration in the rate of hydration relative to 1a. Catalysts 2a
and 2c also allows the hydration reaction of acetonitrile (9) to
proceed with significantly higher turnover numbers than pre-
viously observed for Parkins catalyst (1a) (Figure 4-B). 2a and
2c, assisted by 1 equivalent of AgOTHf, are distinguished cata-
lysts for hydration of acetonitrile (9) with respective turnover
numbers of 1,790 and 4,457, while Parkins catalyst (1a) only
provides a turnover number of 81 under otherwise identical
condition. Furthermore, hydration of 9 at room temperature by
catalyst 2c without any additive still provides a turnover num-
ber as high as 695, which is nine times of that observed for 1a.

A. o
CN catalyst (5 mol%)
©/\/ additive _ NH,
. - L]
7 THF-H,0, 23-40 °C 8

1 & ——2c,23 €, AgOTF

—e—2b, 40 €, AgBF4
2a,40 €, AgOTf

07 ——2b, 23 €, AgBF4

—&—2a, 40 €, no additive

o o
© o

—-—1a,40€

Conversion
°
b

Time/min

B. catalyst (0.017 mol%) o
additive
CH;CN + H,0 " H,C NH,
23°C,12h
9 10
5000
4457
4500
4000
3500
> 3000
o
= 2500
2000 1790
1500
1000 695
500 S .
0 R
Parkins 2a + AgOTf 2c + AgOTf 2c

Figure 4. Comparing the performance of Parkins catalyst (1a)
with 2a—c in nitrile hydration (A) Reactions were performed by
dissolving catalyst (5 mol %) with or without 1 equivalent silver
additive followed by addition of 7 in H,O (0.5 mL) and THF (0.5
mL). While stirring at 23 <C or 40 <C, aliquots were sampled by
LC-MS analysis versus internal standard. (B) Reactions were
performed by dissolving catalyst (0.017 mol %) with or without 1

equivalent AgOTTf followed by adding acetonitrile (9) (60.0 mmol,

3.2 mL) and H,O (1.1 mL). After stirring at 23 <C for 12 h, the
solvent was removed to provide acetamide 10 as a white solid.

Catalyst 2c displays noticeably increased catalytic activity,
and therefore hydrations of both nitriles (16 and 20) and
cyanohydrins (1, 3 and 4) were achieved at room temperature
with good turnover numbers (Scheme 3). This hydration
occurs under conditions at which the dissociation of

cyanohydrins to the corresponding ketone and hydrogen
cyanide is slow enough to maintain the integrity of the catalyst.
To the best of our knowledge, 2c is the first catalyst that real-
izes cyanohydrin hydration at room temperature.

Scheme 3. Hydration of nitriles and cyanchydrins by 2c
with high efficiency at room temperature

catalyst 2c o o
HO_ CN (0.1-0.5 mol %) HO
L N G W
RY DR,  AgOTf, THFIH,0 R” “NH, 1
23°C,12h 2
Me_ OH OH
>< <:>< HO” NCN
mMe” cN CN 4
1 3

with 2¢ (0.25 mol%)  with 2¢ (0.5 mol%)  With 2¢ (0.25 mol%)
54% yield, 216 TON 37% yield, 74 TON ~ 98% yield, 395 TON

S CN
16 20

with 2¢ (0.1 mol%)
95% vyield, 950 TON

with 2¢ (0.25 mol%)
45% yield, 156 TON

Finally, in order to evaluate the “donor-acceptor” system in
which the more electron-rich group in the donor part would
increase the activity of the catalysts thus accelerting the
reactions, we synthesize catalysts 2d and 2e, and compare
their efficiencies with 2a and 2c in hydration of 7 (Figure 5).
To our delight, the plots show that more electron-donating
ligands result in increasing activities of the catalysts, which
match the “donor-acceptor” design. As previously observed,
2c¢ that contains the most electron-donating ligand in the four
catalysts provides full conversion of 7 in 10 minutes at room
temperature. 2d that consists of an electron-deficient lig-
and{1,1-bis[bis(4-
(trifluoromethyl)phenyl)phosphino]ferrocene}  exhibits de-
creased activity, offering full conversion after 1 hour. Further-
more, 2e with a more electron-deficient ligand {1,1'-bis[bis(3,5-
(trifluoromethyl)phenyl)phosphino]ferrocene} provides only
45% conversion after 50 minutes and the reaction stalls after
15 hours. *

QQ @@ QO

CF;

Q@m

\+ PMe,OH PMe0H PMe;OH \$/PM910H
>
cn o1t o1 OTf c| “otf N Ot
CF
Me CFy CFs
2c 2e

more electron-donating phosphine ligand

increasing activity

2a, 40 °C, AgOTf

” -2, 23 °C, AgOTf
0.8 —4—2d, 40 °C, AgOTF
——2e, 40 °C, AgOTF

Conversion

Time/min

Figure 5. Examination of the relationship between the elec-
tron-donating ability of the phosphine ligands with the activi-
ty of the catalysts 2a, 2c, 2d and 2e in the hydration of 7.%
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CONCLUSIONS

The above findings illustrate that the newly synthesized “do-
nor-acceptor”-type catalyst 2c is superior towards hydration
of nitriles and cyanohydrins from two characteristics. First, it
can promote nitrile hydration at room temperature with good
turnover numbers. Second, due to its high activity at ambient
temperature, hydration of cyanohydrins can be achieved by 2¢
with high efficiency. These attributes distinguish catalyst 2c
not only from the most effective nitrile hydration catalysts
reported to date, such as Parkins catalyst (1a), but also from
the other types of ferrocenyl-phosphine platinum catalysts 2a,
2b, 2d and 2e, which have likewise surpassed la in the hydra-
tion of both nitriles and cyanohydrins. Ongoing research pur-
suits in this filed include discovering more practical and inex-
pensive catalysts that can be utilized in industry, and the in-
corporation of chiral bidentate phosphine ligands in related
new “donor-acceptor”-type catalysts for the development of
asymmetric protocols by the means of nitrile and cyanohydrin
hydrations.

ASSOCIATED CONTENT

Supporting Information.

The Supporting Information is available free of charge on the
ACS Publications website at DOI:

Experimental procedures and characterization data (*H and *C
NMR, HRMS) for all new compounds (PDF)

Crystallographic information for 2a (CIF)

Crystallographic information for 2b (CIF)

Crystallographic information for 2b (CIF)

AUTHOR INFORMATION

Corresponding Author

*rhg@caltech.edu
“svirgil@caltech.edu

Author Contributions
SThese authors contributed equally.

ACKNOWLEDGMENT

We wish to thank Shenzhen Nobel Prize Scientists Laboratory
Project (grant C17783101), the Gordon and Betty Moore Founda-
tion, the King Faud University of Petroleum and Minerals and
Caltech for financial support. Ms. Julie Hofstra is acknowledged
for assistance in solving the X-ray structure of 2a—c. We thank Dr.
Michael Takase and Mr. Larry Henling for acquiring the X-ray
diffraction data for catalysts 2a—c. Dr. Tonia Ahmed, Dr. Arthur
Han and Professor Dr. Seren Kramer are acknowledged for revis-
ing the manuscript.

REFERENCES

(1) Dong, G. B.; Teo, P. L.; Wickens, Z. K.; Grubbs, R. H. Primary
alcohols from terminal olefins: formal anti-Markovnikov hydration
via triple relay catalysis. Science 2011, 333, 1609-1612.

(2) Haggin, J. Chemists seek greater recognition for catalysis. Chem.
Eng. News 1993, 71, 23-27.

(3) Guo, J. Y.; Teo, P. L. Anti-Markovnikov oxidation and hydration
of terminal olefins. Dalton Trans. 2014, 43, 6952-6964.

(4) Mathias, L. J.; Vaidya, R. A.; Canterberry, J. B. Nylon 6-a simple,
safe synthesis of a tough commercial polymer. J. Chem. Educ. 1984,
61, 805-807.

(5) Murahashi, S.-I.; Takaya, H. Low-valent ruthenium and iridium
hydride complex as alternatives to lewis acid and base catalysts. Acc.
Chem. Res. 2000, 33, 225-233.

(6) Kukushkin, V. Y.; Pombeiro, A. J. L. Additions to metal-activated
organonitriles. Chem. Rev. Chem. Rev. 2002, 102, 1771-1802.

(7) Chin, J.; Kim, J. H. Catalytic hydration of acrylonitrile to acryla-

Page 6 of 8

mide under mild conditions. Angew. Chem. Int. Ed. 1990, 29, 523-525.

(8) Kim, J. H.; Britten, J.; Chin, J. Kinetics and mechanism of a Co
(111) complex catalyzed hydration of nitriles. J. Am. Chem. Soc. 1993,
115, 3618-3622.

(9) Breno, K. L.; Pluth, M. D.; Tyler, D. R. Organometallic chemistry
in aqueous solution, hydration of nitriles to amides catalyzed by a
water-soluble molybdocene, (MeCp).Mo(OH)(H20)*. Organometal-
lics 2003, 22, 1203-1211.

(10) Takaya, H.; Yoshida, K.; Isozaki, K.; Terai, H.; Murahashi, S.-I.
Transition-metal-based lewis acid and base ambiphilic catalysts of

Iridium hydride complexes: multicomponent synthesis of glutarimides.

Angew. Chem. Int. Ed. 2003, 42, 3302-3304.

(11) Goto, A.; Endo, K.; Saito, S. Rh(l)-catalyzed hydration of orga-
nonitriles under ambient conditions. Angew Chem Int Ed. 2008, 47,
3607-3609.

(12) Charlotte, M.; Djoman, K. B.; Ajjou, A. N. The hydration of
nitriles catalyzed by water solubale rhodium complexes. Tetrahedron
Lett. 2000, 41, 4845-4849.

(13) Yamaguchi, K.; Matsushita, M.; Mizuno, N. Efficient hydration
of nitriles to amides in water, catalyzed by ruthenium hydroxide sup-
ported on alumina. Angew. Chem. Int. Ed. 2004, 43, 1576-1580.

(14) Fung, W. K.; Huang, X.; Man, M. L.; Ng, S. M.; Hung, M. U;
Lin, Z. Y.; Lau, C. P. Dihydrogen-bond-promoted catalysis catalytic
hydration of nitriles with indenylruthenium hydride complex (r-
CoH7)Ru(dppm)H. J. Am. Chem. Soc. 2003, 125, 11539-11544.

(15) Oshiki, T.; Yamashita, H.; Sawada, K.; Utsunomiya, M.;
Takahashi, K.; Takai, K. Dramatic rate acceleration by a diphenyl-2-
pyridylphosphine ligand in the hydration of nitriles catalyzed by
Ru(acac), complexes. Organometallics 2005, 24, 6287-6290.

(16) Bennett, M. A.; Yoshida, T. Homogeneous catalyzed hydration
of nitriles to carboxamides. J. Am. Chem. Soc. 1973, 95, 3030-3031.
(17) Bennett, M. A.; Yoshida, T. Synthesis and reactivity of zerova-
lent platinum complexes of short-lived cyclic alkynes. Formation of
monomeric platinum(ll) hydroxo-, methoxo-, and  -carbon-bonded
complexes by oxidative addition reactions with water, methanol, and

activated hydrocarbons and catalysis of hydration of nitriles to amides.

J. Am. Chem. Soc. 1978, 100, 1750-1759.

(18) Jensen, C. M.; Trogler, W. C. Kinetic and mechanism of nitrile
hydration catalyzed by unhindered hydridobis(phosphine)platinum(l1)
complexes. Regioselective hydration of acrylonitrile. J. Am. Chem.
Soc. 1986, 108, 723-729.

(19) Singh, K.; Sarbajna, A.; Dutta, I.; Pandey, P.; Bera, J. K.
Hemilability-driven water activation: A Ni" catalyst for base-free
hydration of nitriles to amides. Chem. Eur. J. 2017, 23, 7761-7771.
(20) Parkins, A. W. Catalytic hydration of nitriles to amides: plati-
num-containing catalyst offers new opportunity. Platinum Metal Rev.
1995, 40, 169-174.

(21) Ghaffar, T.; Parkins, A. W. A new homogeneous platinum cata-
lyst for the hydrolysis of nitriles. Tetrahedron Lett. 1995, 36, 8657-
8660.

(22) Cadierno, V. Synthetic application of the Parkins nitrile hydra-
tion catalyst [PtH{(PMe,O),H}(PMe,OH)]: a review. Appl. Sci. 2015,
5, 380-401.

(23) Mercado-Marin, E. V.; Garcia-Reynaga, P.; Romminger, S.;
Pimenta, E. F.; Romney, D. K.; Lodewyk, M. W.; Williams, D. E.;
Andersen, R. J.; Miller, S. J.; Tantillos, D. J.; Berlinck, R. G. S.; Sar-
pong, R. Total synthesis and isolation of citrinalin and cyclopiamine
congeners. Nature 2014, 509, 318-324.

(24) Herzon, S. B.; Myers, A. G. Enantioselective synthesis of Steph-
acidin B. J. Am. Chem. Soc. 2005, 127, 5342-5344.

(25) Ahmed, T. J.; Fox, B. R.; Knapp, S. M. M.; Yelle, R. B.; Juliette,
J. J.; Tyler, D. R. Investigation of the reactivity of Pt phosphinito and
molybdocene nitrile hydration catalysts with cyanohydrins. Inorg.
Chem. 2009, 48, 7828-7837.

ACS Paragon Plus Environment



Page 7 of 8 Journal of the American Chemical Society

(26) Sherbow, T. J.; Downs, E. L.; Sayler, R. |.; Razink, J. J.; Juliette,

1 J. J.; Tyler, D. R. Investigation of 1,3,5-triaza-7-phosphaadamantane-

2 stabilized silver nanoparticles as catalysts for the hydration of benzo-

3 nitriles and acetone cyanohydrin. ACS Catal. 2014, 4, 3096-3104.
(27) Knapp, S. M. M.; Sherbow, T. J.; Juliette, J. J.; Tyler, D. R. Cya-

4 nohydrin Hydration with [Ru(z°-p-cymene)Cl,PRs] complexes. Or-

5 ganometallics 2012, 31, 2941-2944.

6 (28) Knapp, S. M. M.; Sherbow, T. J.; Yelle, R. B.; Juliette, J. J;

7 Tyler, D. R. Catalytic nitrile hydration with
[Ru(i>-p-cymene)Cly(PR,R")] complexes: secondary coordination

8 sphere effects with phosphine oxide and phosphinite ligands. Organ-

9 ometallics 2013, 32, 3744-3752.

10 (29) Prout, C. K.; Wright, J. D. Observations on the crystal structure

11 of electron donor-acceptor complexes. Angew. Chem. Int. Ed. 1968, 7,
659-667.

12 (30) Roundhill, D. M.; Sperline, R. P.; Beaulieu, W. B. Metal com-

13 plexes of substituted phosphinites and secondary phosphites. Coord.

14 Chem. Rev. 1978, 26, 263-279.

15 (31) Friedfeld, M. R.; Shevlin, M.; Hoyt, J. M.; Krska, S. W.; Tudge,

16 M. T.; Chirik P. J. Cobalt precursors for high-throughput discovery of
base metal asymmetric alkene hydrogenation catalysts. Science 2013,

17 342, 1076-1080.

18 (32) Stang, P. J.; Olenyuk, B.; Fan, J.; Arif, A. M. Combining ferro-

19 cenes and molecular squares: self-assembly of heterobimetallic mac-

20 rocyclic squares incorporating mixed transition metal systems and a
main group element.  Single-crystal ~ X-ray structure of

21 [Pt(dppf)(H20)2][OTf].. Organometallics 1996, 15, 904-908.

22 (33) Ong, J. H.; Nataro, C.; Golen, J. A.; Rheingold, A. L. Electro-

23 chemistry of late transition metal complexes containing the ligand

24 1,1-bis(diisopropylphosphino)ferrocene  (dippf).  Organometallics

25 2003, 22, 5027-5032.
(34) Zhang, W.; Wang, F.; McCann, S. D.; Wang, D.; Chen, P.; Stahl,

26 S. S.; Liu, G. Enantioselective cyanation of benzylic C-H bonds via

27 copper-catalyzed radical relay. Science 2016, 353, 1014-1018.

28 (35) Please see the “Supporting Information” for the details of the

29 experiment.

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60 ACS Paragon Plus Environment



oNOYTULT D WN =

R—C=N

Journal of the American Chemical Society

"donor-acceptor" catalysts
1
" - .
g PPh, PMe,OH A ol

\a s

Fle Pt’ =

o N\g OT Nﬁ?‘\ )
C>—PPh; i /¢ /\f k{/}\

40°C 2a TON up to 12,171

Me, Me

@"P\ +/PMe,OH

Page 8 of 8

ACS Paragon Plus Environment



