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A remote activation and metal-free transformation from alkynes
to carbonyl compounds is developed. Just in the solvent of HOAc
and EtOH, this reaction artfully converts alkynes to valuable
ketones by remote hydroxyl group. Through the comparison and
isotope labeling experiments, it is confirmed that the process is a
hydration reaction involving acetic acid molecule, instead of
water molecule.

The significant research field about how to control the
reaction with high selectivity persists as one of the most
challenging issues for chemistry. Remote activation represents
one of the burgeoning, promising and challenging strategy
over the past decades. Currently, Yu and his coworkers using a
weak “end-on” interaction between the linear nitrile group
and the metal centre, some reports of the U-Shaped nitrile
templates to accomplish meta C-H bond activation have been
reported = Considering the intrinsic weak interaction, the
hydroxyl group owns its remarkable hydrogen bond between
O, F and N atoms. It will be very valuable to make full use of
hydrogen bond in chemical process, owing to the hydroxyl
group extensively existing in natural products such as Glucose,
Cyclodextrin, etc.

As one of classic research area, the addition of oxygen
nucleophiles to carbon-carbon triple bonds has driven many
highly useful transformations for organic synthesis. Hydration
reaction is the most common transformation from alkynes to
carbonyl compoundsm. Carbonyl compounds, being an
important chemical skeleton, can be easily converted to
variety of functional groups such as -OHE*® _cnB9 _NO,EBY
esterBe], amide®® and amine[gg,] etc. The conversion of alkynes
to carbonyl compounds has been developed enormously and
used in the design of new organic reactions!™. Initially, the
metal Hg(ll)-catalyzed hydration of alkynes has been known for
more than a century[sl. Considering the toxicity of Hg, many
efforts have been devoted to explore other metal catalysts for
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Scheme 1 Hydration of alkynes.
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the past decades, such as Au[sl, Pdm, Pt[S], Ru[9], Rh[w], Irm],
Co[n], Fe[13], cu” and other metal™. Most alkynes can be
activated by metal aboved, followed bydemetalation then
isomerization (scheme 1a)[6”. The transformation promoted by
acids has been rarely reported. Although the concentrated
H,50,™*% TfOH and HNTF,™™), or p-TsOH™-catalyzed alkynes
hydrations are known (scheme 1b)[15], the selectivity of
reaction and strong acidity limit their synthetic applications.
Recently, Hammond and Xu present a Lewis acid Ga(OTf)s-
assisted acid catalyzed alkyne hydration with very low catalyst
loading (scheme 1c)[15e]. However, two shortages still exist at
present. One is that most high regio-selectivity and high-
efficiency for hydration come at the cost of environmental
pollution and high-cost metal catalysts; the other one is that
strong acidity or other additives will be essential.

Homopropargylic alcohols have shown strong potential in
constructing useful chemical skeletons, such as CF3;-containing
3-butenal or 3-buten-l-one derivatives”sal, disubstituted
isoxazoles™®  and CF3S-substituted dihydrofurans[lecl.
Primordially, in continuation of our interest in
homopropargylic alcohols, we present a metal-free and
remote OH activated alkynes transformation without any
Lewis acids assisting, just in the unprocessed solvents of HOAc
and EtOH.

According to the initial design, we firstly attempt 1,4-
diphenylbut-3-1-ol 1a as the alkyne substrate in presence of acetic
acid (Table 1). We fortunately obtain the desired 4-hydroxy-1,4-
diphenylbutan-1-one 2a under O, atmosphere at 60 C for 5.5 h,
despite of low isolated yield (entry 1). We fail to monitor targeted
product in EtOH instead of acetic acid (entry 2). In search of more
effective conditions, reaction conducted with mixed solvents of
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Table 1 Optimization of the reaction conditions”

OH O OH

- g
C (3
1a 2a
Entry Sovlent T('C) Atmos. Yield [%]b
1 HOAc 60 0, 35
2 EtOH 60 0, 0
3 HOAC/EtOH(1:1) 60 0, 85
4 HOAC/EtOH(1:1) 27 0, 21(58)
5 HOAC/EtOH(1:2) 60 0, 28
6 HOAC/EtOH(1:1) 60 Ar 75(13)
7 HOAC/EtOH(1:1) 60 Air 79

9Reaction conditions: 1a (0.2 mmol), solvent (2 mL), volume ratio in parenthesis,
5.5 h. Isolated yield based on 1a, the amount of recovered starting material in
parenthesis.

HOAC/EtOH (V/V=1/1) could lead to high yields, in which we can
obtain the highest yield 85% (entry 3). However, the yield will slip
down to 21% at room temperature (entry 4). Attempt to decrease
the ratio of HOAc in the solvent failed (entry 5). The reaction still
obtain high yield under Ar atmosphere, instead of O, (entry 6),
which denies the possibility of O, acting as a reaction participant.
More surprisingly, despite of a little drop in yield to 79%, the
reaction successes under the air as well (entry 7), which potentially
accords with the benefits of environment and industry. Therefore,
the developed method offers a convenient and high-yielding means
for the preparation y-OH ketone, one of important skeletons for
medical and natural products[m, as well as the feasibility of this
strategy with greener and milder conditions.

Under this optimized conditions, various homopropargylic
alcohols analogues are explored as substrates, and the isolated
results are summarized in Table 2. Firstly, we change different
electron-donating groups, such as -Me, -OMe and -'Bu for R on the
para position. Moderate yields (53%-45%) can be gained for -Me
(1b) and -Bu (1d) substituted substrates. While more strong
electron-donating group -OMe will influence the result, we isolate
by-products etherified (2c’) and esterified (2¢”’) respectively, in 69%

and 12%, which conduces to a better grasp of the mechanism for us.

Meanwhile, only trace expected product is monitored. Substrates
bearing weak electron-withdrawing substituents such as -Cl, -Br and
strong electron-withdrawing substituent -CN on the para position
are explored (le-1g). The results show good toleration with
moderate vyield (60-75%). Next, various substrates containing
electron-donating substituents (p-Me, p-OMe, o-Me), electron-
neutral substituents (p-Ph) and electron-withdrawing substituents
(p-Cl, p-Br, p-COOMe, p-NO,) for R’ are tested (1lh-1o0). These
reactions perform well and give the expected products in good to
excellent yields for substrates 1h, 1i, 1j, 1k and 1l. We obtain
moderate yield for substrate containing p-COOMe (1m) and o-Me
(1n), with substrates recovered. However, the substrate with p-NO,
(10) performs not well, and we cannot monitor product. To
substrates with disubstituted groups on the aromatic rings, the
transformations occur, furnishing the corresponding products in
moderate to good yields (2p-2q). The structure of product 2p is
confirmed by X-ray crystal structure analysis[m]. Analogously,
substrates bearing fused ring such as 1-naphthyl (1r) or 2-naphthyl
group (1s) are compatible with this transformation in moderate
yields. To our delight, substrate containing heteroaromatic
thiophene (1t) proceeds well in high yield. When we attempt to
explore substrates with aliphatic substituents instead of aromatic

2| J. Name., 2012, 00, 1-3

Table 2 Substrate scope”

OH Mg
_HOACEIOH(1:1) N P
R R
T 0,,60°C L 5

1a-1g 2a-: 2g

' R'= Et 69%y|eld
2c , R'= Ac: 12% yield;

%%“@\M

2e, 68% yield (14%)

2a, 85% yield 2b, 53% yleld (19%) 2d, 45% yield (46%)

2f, 75% yield (10%) 2g 60% yield (17%)

OH oH | OMe Br
=
O o o] O o O o

2h, 71% yield® 2i, 80% yield® 2j, 90% yield 2k, 77% yield

‘Y\)\‘@/\A WM -

21, 74% yield 2m, 37% yield (60%) 2n, 45% yield (45%)

2p, 67% yleld 2q, 49% yield (38% 2r, 57% yield (40%)

“N %%M

2, 52% yield (27%) 2t, 81% yield” 2vnr.
9Reaction conditions: 1a (0.2 mmol), solvent (2 mL), the amount of recovered
starting material in parenthesis, 5.5 h, isolated yield. ® Reaction time: 9 h. ©
Reaction time: 8 h.

20,nur.

2u,nr.

ring (1u-1v), this transformation does not complete successfully.

Encouraged by this feasible and environmental strategy, this
transformation is subsequently conducted on a gram scale,
demonstrating its industrial practicality (Scheme 2). The
corresponding product 2a was isolated in 76.5% yield under the
optimal conditions.

OH O OH

standard condition

1a O 2a ©

1.11g, 5mmol 0.918g, 3.83mmol
Scheme 2 Synthesis application: scale-up experiments.

Yield: 76.5%

In order to gain more details into the reaction mechanism, two
control experiments are performed (scheme 3). The reaction of 1aa
without hydroxyl group doesn’t obtain the anticipated product
under the standard conditions, which indicates that hydroxyl
group is crucial for this transformation (eq.1). When esterified
substrate 3a and methylated substrate 3aa are subjected to the
standard conditions, we don’t observe the desired products (eq.2).
These results reveal that the hydrogen atom of OH group perhaps
plays a key role in this reaction.

standard condtion

)

— eq 1
laa
OR standard condtion OR
=) o
3a: R=OAc O 0
3aa:R=Me

Scheme 3 control experiments.
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Scheme 4 Intermediate capturing experiments and O isotope labeling
experiments.

When exploring the scopes of reaction tolerance (Table 2), we
obtain the unexpected by-products (2¢’ and 2¢”’). We speculate that
the reaction may proceed through intermediate 4 (scheme 3), to
which nucleophile (EtOH, H,0 and HOAc) attacks giving the
corresponding products 3b, 2a and 3c respectively. Additionally, the
possibility of by-products 3b and 3c converting to 2a also can be
ruled out (eq.3 and eq.4). The intermediate 4 can be ruled out via
aboved intermediate capturing experiments and isotope labelling
studies (eq.5 and eq,6)[19]. Isotope labeling studies are also planned
to attain a better understanding of the orgin of the newly
introduced O atom. Interestingly, no 80 labeled y-OH ketones are
obtained when the standard reactions are performed in the
presence of HZO18 (eq.5 and eq.6). Fortunately, we detect %0
labeled product in the presence of 80 labeled acetic acid (95
atom % 18 O) (eq.7). These observations suggest this
transformation is a hydration reaction involving acetic acid
molecule, instead of water molecule.

On the basis of these results, we propose the mechanism
illustrated in Scheme 4. In the first step, homopropargylic OH
reacts with the carbonyl of acetic acid and forms (perhaps,
transiently) the tetrahedral intermediate 1. The latter can
undergo a 7-endo-dig cyclization to give a labile intermediate Il
that can give the ester enolate IV (Path A). There is an
alternative process (Path B) where HOAc integrates with 1a
through hydrogen bond between H and two O atoms of acetic
acid, which is crucial to realize remote activation (about six or

o-H oY
- 0-H
O HOAc Q *03/ PathB o
o= O 0% ~
1a . kH*

_H
O

(o)

o

o on HOYCHy Y
Q +\o—éocu= ]'f‘oJ 0 H v

o0 O y, O Path A

A ; i

© omt

1 S

O/HO 07 0}
— /

-Acon
2a H

Scheme 5 Proposed reaction mechanism.

l HOAc
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eight bonds away). With this pre-transition state Ill, the O
atom can be placed nearby the triple bond (Path B), which
gives ester enolate IV as well. Then the ester enolate IV is
attacked by EtOH via transesterification[zol, in which ethyl
acetate acts as the leaving molecule, leading to the
conformation of 2a.

Conclusions

In summary, we developed a remote activation and
metal-free  transformation from alkynes to carbonyl
compounds. The reaction conditions are also applicable for the
gram-scale reaction. Moreover, the value of this reaction firstly
is reflected the possibility of activation by hydroxyl group and
operational simplicity, covering the shortage of using metal
catalysts and strong acidity.

Acknowledgements

We are grateful to the fund from the National Science
Foundation (NSF21472074) for financial support. We also
acknowledge support from the “111” Project.

The authors declare no competing financial interest.

Notes and references

1 a)D.-S. Leow, G. Li, T.-S. Mei and J.-Q, Yu, Nature, 2012, 486,
518; b) H.-X. Dai, G. Li, X.-G. Zhang, A. F. Stepan and J.-Q, Yu,
J. Am. Chem. Soc., 2013. 135, 7567; c) R.-Y. Tang, G. Li and J.-
Q. Yu, Nature, 2014, 507, 215.

2 L. Hintermann and A. Labonne, Synthesis, 2007, 8, 1121.

3 a)C.-J. Li, Chem. Rev., 1993, 93, 2023; b) A. Furstner, R. Csuk,
C. Rohrer and H. Weidmann, J. Chem. Soc., Perkin Trans. 1,
1988, 1729; c) D. Enders and A. Plant, Synlett, 1994, 1054; d)
H. B. Hass and E. F. Riley, Chem. Rev., 1943, 32, 373; e) A.
Baeyer and V. Villiger, Ber. Dtsch. Chem. Ges., 1899, 32,
3625; f ) L. G. Donaruma and W. Z. Heldt, Org. React., 1960,
11, 1; g) D. Enders, L. Wortmann and R. Peters , Acc. Chem.
Res., 2000, 33, 157.

4 a)l. V. Alabugin and B. Gold, J. Org. Chem., 2013, 78, 7777; b)
K. Pati and I. V. Alabugin, Eur. J. Org. Chem., 2014, 19, 3986;
c) K. Pati, G. d. P. Gomes, T. Harris and I|. V. Alabugin, Org.
Lett., 2016, 18, 928.

5 a) M. Kutscheroff, Chem. Ber., 1884, 17, 13; b) M.
Kutscheroff, Chem. Ber., 1881, 14, 1540; c) R. C. Larock,
Solvation /Demercuration Reactions in Organic Synthesis;
Springer: NY, 1986, p. 123; d) R. C. Larock, Comprehensive
Organic Transformations; VCH: NY, 1989, 596; e) J. March,
Advanced Organic Chemistry, Wiley, New York, 1992, p. 762.

6 a) R. Norman, W. Parr and C. B. Thomas, J. Chem. Soc.,
Perkins. Trans., 1976, 1, 1983; b) N. Marion, R. S. Ramon, S.
P. Nolan, J. Am. Chem. Soc., 2009, 131, 448; c) A. Corma, A.
Leyva-Peréz and M. J. Sabater, Chem. Rev., 2011, 111, 1657;
d) M. Bandini, Chem. Soc. Rev., 2011, 40, 1358; e) E. Jiménez-
Nufez and A. M. Echavarren, Chem. Rev., 2008, 108, 3326; f)
A. S. K. Hashmi, Chem. Rev., 2007, 107, 3180; g) M. Rudolph,
A. S. K. Hashmi, Chem. Soc. Rev., 2012, 41, 2448; h) D. J.
Gorin, F. D. Toste, Nature, 2007, 446, 395; i) A. Gomez-
Suarez, Y. Oonishi, S. Meiries, S. P. Nolan, Organometallics,
2013, 32, 1106; j) J. A. Goodwin and A. Aponick, Chem.
Commun., 2015, 51, 8730.

7 a) T. Shimada and Y. Yamamoto, J. Am. Chem. Soc., 2002,
124, 12670; b) T. Tsuchimoto, T. Joya, E. Shirakawa and Y.

J. Name., 2013, 00, 1-3 | 3



HEiGreencChemistry =

COMMUNICATION

10

11

12

13

14

15

16

17

18

4|

Kawakami, Synlett, 2000, 1777; c) I. K. Meier and J. A.
Marsella, J. Mol. Catal., 1993, 78, 31; d) K. Imi, K. Imai and K.
Utimoto, Tetrahedron Lett., 1987, 28, 3127; e) A. Arcadi, S.
Cacchi and F. Marinelli, Tetrahedron, 1993, 49, 4955.

a) J. Chatt, R. G. Guy and L. A. Duncanson, J. Chem. Soc.,
1961, 827; b) W. Hiscox and P. W. Jennings, Organometallics,
1990, 9, 1997; c) J. W. Hartman, W. C. Hiscox and P. W.
Jennings, J. Org. Chem., 1993, 58, 7613; d) Y. Badrieh, A.
Kayyal and J. Blum, J. Mol. Catal., 1992, 75, 161; e) W.
Baidossi, M. Lahav and J. Blum, J. Org. Chem., 1997, 62, 669;
f) L. W. Francisco, D. A. Moreno and J. D. Atwood,
Organometallics, 2001, 20, 4237.

a) J. Halpern, B. R. James and A. L. W. Kemp, J. Am. Chem.
Soc., 1961, 83, 4097; b) J. Halpern, B. R. James and A. L. W.
Kemp, J. Am. Chem. Soc., 1966, 88, 5142; c) M. M. Taqui
Khan, S. B. Halligudi and S. Shukla, J. Mol. Catal., 1990, 58,
299; d) B. M. Trost, M. Portnoy and H. Kurihara, J. Am. Chem.
Soc., 1997, 119, 836; e) M. Tokunaga and Y. Wakatsuki,
Angew. Chem., Int. Ed., 1998, 37, 2867; f) a) T. Suzuki, M.
Tokunaga and Y. Wakatsuki, Org. Lett., 2001, 3, 735; g) M.
Tokunaga, T. Suzuki, N. Koga, T. Fukushima, A. Horiuchi and
Y. Wakatsuki, J. Am. Chem. Soc., 2001, 123, 11917; h) F.
Chevallier and B. Breit, Angew. Chem. Int. Ed., 2006, 45,
1599; i) Le Li, M.-S. Zeng and S. B. Herzon, Angew. Chem. Int.
Ed., 2014, 53, 7892.

a) B. R. James and G. L. Rempel, J. Am. Chem. Soc., 1969, 91,
863; b) J. Blum, H. Huminer and H. Alper, J. Mol. Catal., 1992,
75, 153; ¢) M. Setty-Fichman, Y. Sasson and J. Blum, J. Mol.
Catal., A: Chem., 1997, 126, 27.

C. S. Chin, W.-T. Chang, S. Yang and K.-S. Joo, Bull. Korean
Chem. Soc., 1997, 18, 324.

b) T. Tachinami, T. Nishimura, R. Ushimaru, R. Noyori and H.
Naka, J. Am. Chem. Soc., 2013, 135, 50.

a) X.-F. Wu, D. Bezier and C. Darcel, Adv. Synth. Catal., 2009,
351, 367; b) J. R. Cabrero-Antonino, A. Leyva-Pérez and A.
Corma, Chem. Eur. J., 2012, 18, 11107; c) J. Park, J. Yeon, P.
H. Lee and K. Lee, Tetrahedron Lett., 2013, 54, 4417.

a) D. B. Grotjahn and D. A. Lev, J. Am. Chem. Soc., 2004, 126,
12232; b) A. Finiels, P. Geneste, F. Marichez and P. Moreau,
Catal. Lett., 1989, 2, 181.

a) A. D. Allen, Y. Chiang, A. J. Kresge, T. T. Tidwell, J. Org.
Chem., 1982, 47, 775; b) T. Tsuchimoto, T. Joya, E.
Shirakawa and Y. Kawakami, Synlett., 2000, 1777; c) N.
Olivi, E. Thomas, J.-F. Peyrat, M. Alami and J.-D. Brion,
Synlett., 2004, 2175; d) W.-L. Wong, K.-P. Ho, L. Y. S. Lee, K.-
M. Lam, Z.-Y. Zhou, T. H. Chan and K-Y. Wong, ACS Catal.,
2011, 1, 116; e) S.-Z. Liang, G. B. Hammond and B. Xu, Chem.
Commun., 2015, 51, 903; f) W.-B. Liu, H.-N. Wang and C.-J. Li,
Org. Lett., 2016, 18, 2184.

a) P. Gao, Y.-W. Shen, R. Fang, X.-H. Hao, Z.-H. Qiu, F. Yang,
X.-B. Yan, Q. Wang, X.-J. Gong, X.-Y. Liu and Y.-M. Liang,
Angew. Chem., Int. Ed., 2014, 53, 7629; b) P. Gao, H.-X. Li, X.-
H. Hao, D.-P. Jin, D.-Q. Chen, X.-B. Yan, X.-X. Wu, X.-R. Song,
X.-Y. Liu and Y.-M. Liang, Org. Lett., 2014, 16, 6298; c) D.-Q.
Chen, P. Gao, P.-X. Zhou, X.-R. Song, Y.-F. Qiu, X.-Y. Liu and
Y.-M. Liang, Chem. Commun., 2015, 51, 6637.

a) M. G. Nunes., D. Desai.,, W. Koehl., T. E. Spratt, F. P.
Guengerich and S. Amin, Cancer Letters, 1998, 129 , 131; b)
D. Desai, L. Chang and S. Amin, Cancer Letters, 1996, 108,
263; c) D. Desai, M. Nunes, L. Chang, J.-M. Lin, D. Jiao and S.
Amin, Cancer Letters, 1995, 97, 155; d) A. R. Healy, M.
Izumikawa, A. M. Z. Slawin, K. Shin-ya and N. J. Westwood.
Angew. Chem. Int. Ed., 2015, 54, 4046; e) X. Fang, Y.-T. Di, Y.
Zhang, Z.-P. Xu, Y. Lu, Q.-Q. Chen, Q.-T. Zheng and X.-J. Hao,
Angew. Chem. Int. Ed., 2015, 54, 5592.

CCDC 1471389.

J. Name., 2012, 00, 1-3

Journal Name

19 a) K. Gilmore and 1. V. Alabugin, Chem. Rev., 2011, 111, 6513,

b) I. V. Alabugin, K. Gilmore and M. Manoharan, J. Am. Chem.
Soc., 2011, 133, 12608; c) I. V. Alabugin and K. Gilmore,
Chem. Commun., 2013, 49, 11246.

20 a) E. S. Rothman, S. S. Hecht, P. E. Pfeffer and L.S. Silbert. J.

Org. Chem., 1972, 37, 3551; b) J. Otera, Chem. Rev., 1993, 93,
1449.

This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins




