&

Swansea University ‘C ronfa

Prifysgol Abertawe Setting Research Free

Cronfa - Swansea University Open Access Repository

This is an author produced version of a paper published in:
ChemistrySelect

Cronfa URL for this paper:
http://cronfa.swan.ac.uk/Record/cronfa43524

Paper:

Savarimuthu, S., Thankappan, H., Thomas, S. & Prakash, D. (2018). Sodium Tertiary Pentoxide: A Mild and Efficient
Base to Make C-C Bond between Acetylenes and Aldehydes (or) Ketones Producing Propargyl Alcohols.
ChemistrySelect, 3(29), 8479-8482.

http://dx.doi.org/10.1002/slct.201801640

This item is brought to you by Swansea University. Any person downloading material is agreeing to abide by the terms
of the repository licence. Copies of full text items may be used or reproduced in any format or medium, without prior
permission for personal research or study, educational or non-commercial purposes only. The copyright for any work
remains with the original author unless otherwise specified. The full-text must not be sold in any format or medium
without the formal permission of the copyright holder.

Permission for multiple reproductions should be obtained from the original author.

Authors are personally responsible for adhering to copyright and publisher restrictions when uploading content to the
repository.

http://www.swansea.ac.uk/library/researchsupport/ris-support/


http://cronfa.swan.ac.uk/Record/cronfa43524
http://dx.doi.org/10.1002/slct.201801640
http://www.swansea.ac.uk/library/researchsupport/ris-support/ 

Sodium tertiary-pentoxide: A mild and efficient base to make C-C bond
between acetylenes and aldehydes (or) ketones producing propargyl
alcohols

This report confirms that sodium tertiary-pentoxide is a very effective base for the nucleophilic
addition of acetylenes to aldehydes and ketones in 1,4-dioxane at room temperature. These
mild and operationally simple procedures have been working well with a variety of aromatic
and heteroaromatic aldehydes and also equally working well with aliphatic, aromatic and
heteroaromatic ketones. A very clean product of secondary and tertiary propargylic alcohols
were obtained from 71-94% yield. This process has been explored in bulk scale synthesis on

selected molecules and also adapted the column free purification for most of the substrates.
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Introduction

Development of straightforward and flexible synthetic routes for the constructions of C-C
triple bond? is of great interest in organic synthesis due to their presence in a wide variety of
natural products and pharmaceutical compounds,> among them alkynylation of carbonyl
compounds to generate internal propargylic alcohol is a method® which produce internal
secondary and tertiary propargyl alcohols, respectively. These propargyl alcohols are versatile
intermediates for many transformations to make advance molecules.*

Several methods are being published for making propargyl alcohol using pyrophoric
metal-bases; methyl magnesium bromide, butyl-lithium and sodium amide® to generate strong
enough acetylide anions from terminal acetylene at very low temperature (-70°C) and
subsequent nucleophilic addition to aldehydes or ketones.® Similarly, the transition-metal
complexes (e.g., Ti, Cr, Cu, Zn, Ru, Rh, Pd, Ag, or In)’ were also utilized in the past for
enantioselective/non-enantioselective syntheses. However, these methods have critical
drawbacks, such as moisture sensitivity, tedious workup, toxicity, high catalyst loadings, long

reaction times and constrains on using aryl/alkyl halides, which lowers the overall feasibility



of these approaches for large-scale applications.® Apart from the pyrophoric and metal
catalytic reagents; reactions using alkoxide and hydroxide bases, for example
BusNBr/NaOH,® CsOH.H,O/THF,** KOH/DMSO, tBuOK,*? CaC,/CsCO3/DMSO," have
been widely investigated to circumvent these drawbacks, however the reported methods
possess poor yields!* due to the decomposition of reaction mass and retro-Favorskii
decomposition.®® In addition, using tBuOK only converted aliphatic ketones into the
corresponding tertiary ynols; attempted alkynylation of aldehydes were also unsuccessful at
many conditions. A syringe pump technique adopted for handling CsOH.H2O/THF*® also
failed to achieve the alkynylation of aromatic carbonyl compounds.

Furthermore, the reported methods for the synthesis of propargyl alcohols using
strong metal bases, metal catalysts and alkoxide (or) hydroxide bases accounts complex
operational procedures and economically restrictive. This prompted us to broaden our
investigation on different sodium alkoxide bases and define a simple and economically viable
route to synthesis propargyl alcohols. With the aim of achieving this, Sodium tertiary-
pentoxide (NaOtP) is employed in the reactions as it is cheap, easily accessible and not yet
explored on C-C bond forming reactions. This resulted; mild and highly efficient sodium
tertiary-pentoxide mediated C-C bond formation between aldehyde/ketone with aryl acetylene
producing internal propargyl alcohols. The added advantage of this scalable process is an easy

purification without the aid of traditional column chromatography for most of the compounds.

Table 1: Study of optimum reaction conditions?

? base
- (1.2 equiv.)
solvent, rt

1 equiv. 1.2 equiv.




Entry Solvent Base t (h) % yield of
2a
1 DMF KOH 15 5
2 DMF LiOH 15 0
3 DMF NaOH 15 15
4 DMF NaOMe 15
5 DMF NaOEt 15 0
6 DMF NaOtBu 15 10
7 DMF KOtBu 1 15
8 DMF LiOtBu 1 5
9 THF KOtBu 1 20
10 THF NaOtBu 1 40
11 THF LiOtBu 1 20
12 THF NaOtPen 1 50
13 THF LiHMDS (1M 1 0
in THF)
14 THF KHMDS (1M 1 0
in THF)
15 THF NaHMDS (1M 1 0
in THF)
16 THF KOtBu (1M in 1 25
THF)
17 THF NaOtBu (1M 1 55
in THF)
18 THF NaOtP (30% in 10 65
THF)
19 1,4- NaOtP (30% in 0.5 94
Dioxane THF)
20 Acetonitrile | NaOtP (30% in 1 5
THF)
21 DMF NaOtP (30% in 1 0

THF)




22 DMSO NaOtP (30% in 1 0
THF)

Results and discussion

In order to optimize the alkynylation, we have chosen benzaldehyde and phenyl acetylene as
model substrate (Table 1). The reaction was initially carried out with solid hydroxide and
alkoxide bases separately in N,N Dimethylformamide (DMF) at room temperature. This leads
to the reaction masses completely charring in all bases; only trace amount of product 2a was
isolated in sodium and potassium tertiary butoxides (Table 1, entry: 1-8). The next trials were
made with the solid KOtBu and LiOtBu bases in the solvent tetrahydrofuran (THF), that
yielded 20% of 2a (Table 1, entry: 9, 11), still the reactions were incomplete and decomposes
over a period, whereas the sodium alkoxides were giving average yield of 2a (Table 1, entry:
10, 12). The further reactions with solutions of lithium bis(trimethylsilyl)acetamide,
potassium bis(trimethylsilyl)acetamide and sodium bis(trimethylsilyl)acetamide!’ in THF
were conducted to achieve strong acetylide anion for nucleophilic addition, however there
was no desired compound observed (Table 1: entry: 13-15). Solutions of metal alkoxides in
THF were next selected instead of solids to ease the reactions, to avoid solubility issues and
enhance safety and the rate of reactions. These reactions enforced separately with KOtBu (1M
in THF) and NaOtBu (1M in THF) in THF solvent at room temperature yielded 25% and 55%
of 2a, and the yield was improved by using NaOtP (30% in THF) (Table 1, entry: 18). At the
end, the effect of solvent was tested with NaOtP (30% in THF); except THF and 1,4-dioxane,
the remaining solvents acetonitrile, DMF and DMSO have not produced the desired
propargyl alcohols (Table 1, entry: 19-21). Hence, concluded that the entry 19 of Table 1,

94% yield of 2a, as optimised reaction condition.



Table 2: Scope of the synthesis of secondary propargyl alcohols?

0 /Ry HO =Ry
0 = <\ /> - > R>—<— \ 7
1 2

OH

OH OH
! C . ¢ ‘i%‘
F

2a, 94% 2b, 92% 2c, 78%
O OH OH
NN Br
(s O IS
w e Y
2d, 93% 2e, 74% 2f, 77%
OH
ol OH OH
U~y v O
Br
C o T ®
0,
29, 8%% 2h, 86% F 20, 91% F
OH F
O,N
LS
- C
F 21,71%
2j, 7% 2k, 70% Boc

A solution of acetylene (1.2 equiv.) in 1,4-dioxane (10 volume) in round bottom flash (RBF) under nitrogen atmosphere, was
added Sodium tertiary pentoxide (NaOtP) (30% in THF) (1.2 equiv.) at room temperature for 5 min., and stirred for 10
minutes. A solution of ketone (1) (1.0 equiv.) in 1,4-dioxane (5 volume) added into the mass for 5 min. and stirred for 15-30
minutes

With the optimal reaction conditions in hand, we set about evaluating the scope for making
secondary propargyl alcohols, when benzaldehyde was treated with phenyl acetylene and 4-
fluorophenyl acetylene produced excellent yields of 2a and 2b, respectively. Similarly,
electron donating substituents at ortho-position of benzaldehyde has given relatively less
yield, 78%, of 2c and there was an excellent yield when the reaction was carried out on 4-

isopropylbenzaldehyde (2d), whereas relatively less yield (74%) was obtained when the



reaction was carried out between 4-methoxybenzaldehyde and aryl alkyne (2e). Following
the very good to excellent yields of electron rich benzaldehyde derivatives, the focus was
shifted towards the electron deficient carbonyls; the 5-bromo-2-fluorobenzaldehyde and 4-
bromobenzaldehyde were successfully coupled with phenyl acetylene and offered 77% of 2f
and 86% of 2g, respectively. 4-Fluorobenzaldehyde was separately treated with 2-bromo-5-
chlorobenzaldehyde, 4-bromobenzaldehyde and 2-chloro-5-nitrobenzaldehydes, and yielded
the respective propargyl alcohols, 86% of 2h, 82% of 2i and 73% of 2j. Here, the —bromo or —
chloro carrying propargyl alcohols are potential starting material for Sonogashira and Suzuki
coupling reactions.'® Furthermore, the heterocyclic carbonyl compounds, such as substituted
pyridine and NBoc Indole also well accommodated the optimized condition and produced

good yield of 2k and 2I.

Table 3: Scope of the synthesis of tertiary propargyl alcohols®

/AR HO /=R,
RJLR1 TN\ 7 > RR>_<\/>

1
3 4




OH OH
X X O N
Oro Mok

4a, 89% 4b, 93% 4c, 70%
OH
OH
X HO
Cl ‘ o de, 7% 4, 79%
4d, 80%
OH
OH — M
— OH
4i, 88%
49, 88% 4h, 92%

(Y=

4j, 91%

A solution of acetylene ( (1.2 equiv.) in 1,4-dioxane (10 volume) in RBF under nitrogen atmosphere, was added Sodium
tertiary pentoxide (NaOtP) (30% in THF) (1.2 equiv.) at room temperature for 5 min., and stirred for 10 minutes. A solution
of ketone (3) (1.0 equiv.) in 1,4-dioxane (5 volume) added into the mass for 5 min. and stirred for 1-3h.

To further expand the scope of this methodology, the feasibility of synthesising tertiary
propargyl alcohol was investigated under the same optimal conditions. However, the reactions
have taken 1-3h for completion, possibly due to the mild electrophilic nature. In general,
acetophenone derivatives will undergo Aldol condensation in metal alkoxide basic
conditions,*® nevertheless no Aldol product is resulted in NaOtP, which is unexpected. The
details are captured in Scheme 2, at first acetophenone and p-methyl acetophenone were
successfully coupled with phenyl acetylene yielded 89% of 4a and 93% of 4b, respectively.

The position of chloro substituent has minor effect on vyield, for example 4-



chloroacetophenone has offered relatively less yield of 4c compared to 3-chloroacetophenone
which was giving 80% of 4d. Substituting from chloro to bromo substituent on acetophenone
have no effect on the yield of desired tertiary propargyl alcohols (4e). Similar reactions with
aliphatic ketone were also tested using ethynyl benzene as a nucleophile, where acetone was
successfully reacting with their counter part produced 79% of 4f. The phenyl acetylene was
separately treated with 3-methylbutan-2-one, 2-pentanone and cyclopropyl methyl ketone
achieved an excellent yield of 4g, 4h and 4i, respectively. In addition, cyclohexanone also
offered an excellent yield of 1-(phenylethynyl)cyclohexanol (4j) without the Aldol side
product. This reaction was also compatible with substrates containing diphenyl ketone and
afforded good yields of the corresponding C-C products (4k). Impressively, the thiophene-3-
carboxaldehyde was also well tolerated with the optimized condition, yielded 92% of 4l.
Following the attainment of successful synthetic procedures for secondary and tertiary
propargyl alcohols, the scalability of this C-C bond forming reaction was tested on gram scale
in eight moieties and the results are presented in Table 4.

Table 4: Scalability of this process was tested in six compounds

Entry | Substrate / Product / Yield
Quantity (g) Quantity (g) | (%)
1 la/5.0 2a/9.22 94
2 1c/ 15 2d/2.35 93
3 1f/2.2 29/3.0 89
4 1f/3.5 2i/ 5.26 91
5 3c/18 4c/2.09 70
6 3h/3.3 4h/6.63 92
7 3j/1.2 4j12.22 91
8 3k/ 2.4 4k [ 3.22 86

Conclusions



We demonstrated that the NaOtP promotes the facile reaction of alkynes with variety of
aldehydes and ketone under mild reaction conditions leading to the production of
functionalized secondary and tertiary propargylic alcohols in good to excellent yields. The
procedure tolerates aromatic, aliphatic and heteroaromatic aldehydes and ketones, as well as
aromatic alkynes. As the proposed method is simple, inexpensive, and environmentally
benign, it may have vast applications in both academia and the chemical industries.

References

1. (a) Bagnoli, L.; Casini, S.; Marini, F.; Santi, C.; Testaferri, L. Tetrahedron 2013, 69, 481. (b) Beyer, A.;
Buendia, J.; Bolm, C. Org. Lett. 2012, 14, 3948. (c) Colby, D. A.; Tsai, A. S.; Bergman, R. G.; Ellman, J. A.
Acc. Chem. Res. 2012, 45, 814.

2. (a) Shi Shun, A. L. K.; Tykwinski, R. R. Angew. Chem., Int. Ed. 2006, 45, 1034-1057. b) Lam, J., Breteler, H.;
Arnason, T.; Hansen, L.; Eds.; Chemistry and Biology of Naturally Occurring Acetylenes and Related
Compounds,Elsevier, Amsterdam, 1988.

3. Bohlmann, F.; Burkhardt, T.; Zdero, C. Naturally Occuring Acetylenes; Academic Press: New York, 1973.

4. (a) Smith, M.; March, J.; March’s Advanced Organic Chemistry, 6th ed., Wiley, New York, 2007, 1360. (b)
Marshall, J. M.; Bourbeau, M. P. Org. Lett. 2003, 5, 3197-3199. (c) Cuzzupe, A. N.; Hutton, C. A.; Lilly, M. J.;
Mann, R. K.; McRae, K. J.; Zammit, S. C.; Rizzacasa, M. A. J. Org. Chem. 2001, 66, 2382-2393. (d) Pilli, R.
A.; Victor, M. M.; Meijere, A. J. Org. Chem. 2000, 65, 5910-5916. (e) Overman, L. E.; Bell, K. L. J. Am. Chem.
Soc. 1981, 103, 1851-1853.

5. (a) Viehe, H. G.; Reinstein, M. Chem. Ber. 1962, 95, 2557. (b) Brandsma, L. Preparative Acetylenic
Chemistry, 2nd ed.; Elsevier: Amsterdam, 1988. (c) Eaton, P. E.; Srikrishna, A.; Uggeri, F. J. Org. Chem. 1984,
49, 1728. (d) Viehe, H. G.; Reinstein, M. Chem. Ber. 1962, 95, 2557. (e) Eaton, P. E.; Srikrishna, A.; Uggeri, F.
J. Org. Chem. 1984, 49,1728. (f) Saunders, J. H. Organic Syntheses; Wiley: New York, 1955;Collect. Vol. I, p
416.

6. (a) Marshall, J. M.; Bourbeau, M. P. Org. Lett. 2003, 5, 3197-3199. (b) Cuzzupe, A. N.; Hutton, C. A.; Lilly,
M. J.; Mann, R. K.; McRae, K. J.; Zammit, S. C.; Rizzacasa, M. A. J. Org. Chem. 2001, 66, 2382-2393. (c) Pilli,
R. A.; Victor, M. M.; Meijere, A. J. Org. Chem. 2000, 65, 5910-5916. (d) Overman, L. E.; Bell, K. L. J. Am.
Chem. Soc. 1981, 103, 1851-1853.

7. Cheon, S. H.; Christ, W. J.; Hawkins, L. D.; Jin, H.; Kishi, Y.;Taniguchi, M. Tetrahedron Lett. 1986, 27,
4759-4762

8. (a) Wei, C,; Li, C.-J, Green Chem. 2002, 4, 39-41. (b) Takita, R.; Yakura, K.; Ohshima, T.; Shibasaki, M. J.
Am. Chem. Soc. 2005, 127, 13760-13761. (c) Takita, R.; Fukuta, Y.; Tsuji, R.; Ohshima, T.; Shibasaki, M. Org.
Lett. 2005, 7, 1363-1366. (d) Harada, S.; Takita, R.; Ohshima, T.; Matsunaga, S.; Shibasaki, M. Chem.
Commun. 2007, 948-950

9. Weil, T.; Schreiner, P.R. Eur. J. Org. Chem. 2005, 2213-2217

10. Tzalis, D.; Knochel, P. Angew. Chem. Int. Ed. 1999, 38, 1463— 1465; Angew. Chem. 1999, 111, 1547-1549
11. (a) Blumental, J. H. US Patent no. 2 996 552, 1958. (b) Chem. Abstr, 1962, 56, 52 804.

12. (a) Miyamoto, H.; Yasaka, S.; Tanaka, K.; Bull. Chem. Soc. Jpn. 2001, 74, 185-186. (b) Babler, J. H.;
Liptak, V. P.; Phan, N. J. Org. Chem. 1996, 61, 416-417

13. Sum, Y. N.; Yu, D.; Zhang, Y. Green Chem. 2013, 15, 2718-2721

14. (a) Fried, J.; Sih, J. C. Tetrahedron Lett. 1973, 14, 3899-3902. (b) Roush, W. R.; Spada, A. P. Tetrahedron
Lett. 1982, 23, 3773-3776

15. (a) Stork, G.; Nakamura, E. J. Am. Chem. Soc. 1983, 105, 5510-5512. (b) Noyori, R.; Tomino, I.; Yamada,
M.; Nishizawa, M. J. Am. Chem. Soc. 1984, 106, 6717-6725.

16. Noyori, R.; Tomino, I.; Yamada, M.; Nishizawa, M. J. Am. Chem. Soc. 1984, 106, 6717-6725

17. (a) Patrick, L. D.; Surprenant, S.; Laperle, M. B.; Yoakim, C. Org. Lett., 2007, 9, 2741-2743. (b) Pan, Y ;
Hong, J.-H.; Choi, A. B.; Boudjouk, P. Organometallics 1997, 16, 1445-1451

18. (a) Sonogashira, K. J. Organomet. Chem. 2002, 653, 46-49. (b) Chinchilla, R.; Najera, C. Chem. Rev. 2007,
107, 874-922. (b) Li, F.; Zhang, Z.-Q.; Lu, X.; Xiao, B.; Fu, Y. Chem. Commun. 2017, 53, 3551



19. (a) Nielsen, A. T.; William, J. Houlihan. Volume 15 (1967). (b) Muzart, J. Self-condensation of ketones
catalyzed by basic aluminum oxide. Synthesis 2002, 60-61.



