Convenient Access to meso Benzylic bis-Alkynes 
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Abstract: meso bis-Alkynes and alkenes have potential as substrates for desymmetrization processes. The preparation of several meso bis(1’-hydroxy-2’-propynyl)benzenes and their derivatives from phthalaldehydes using inexpensive and readily available reagents is described. 
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Desymmetrization is a topical and important concept in enantioselective synthesis because it allows several stereogenic centres to be accessed in non-racemic form in a single step from a single prochiral starting material.1,2,3 
In connection with several research projects in our laboratories, we required access to simple meso bis-alkynes in order to allow investigation of desymmetrization of meso bis-alkynes and bis-alkenes.4c,5 
The selective construction of meso diastereoisomers of bis-alkynes, however, remains a challenge.  There are a very few examples of desymmetrization of meso bis-alkynes described in the literature, for example using the recently reported asymmetric Huisgen ‘click’ chemistry6 (the combination of chiral ligands and the Sharpless/Huisgen/Medal copper-catalysed CuAAC methodology7) (Scheme 1).4 There are isolated examples of meso diynes prepared for other purposes.8 
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Scheme 1: Examples of desymmetrization of meso bis-alkynes using the new asymmetric Huisgen ‘click’ reaction 

In this communication, we describe a simple approach to meso ortho-dipropargylic compounds containing a symmetry-related pair of terminal alkynes that are suitable for the CuAAC reaction. 

A rapid, inexpensive synthetic route, which is either intrinsically meso-selective (this would be a generally applicable approach), or which allows good separation of racemic and meso forms (which would need to be established for each individual example), is needed. The most common examples of meso diynes are meso porphyrins,9 which are of interest in photonics as optical limiters,10 and may only become chiral when converted into pentacordinate organometallic complexes. 

Our approach began with the addition of an excess of ethynylmagnesium bromide to the commercially available bis-aldehyde phthalaldehyde to give a mixture of the meso and racemic propargylic compounds 1a and 1b in a 2.1:1 ratio (Scheme 2).11 The crystalline meso isomer 1a could be readily precipitated from the product mixture using dichloromethane/petroleum ether, while the racemic product remained as an orange oil. 
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	1a	(±)-1b 
Scheme 2. Preparation of meso-1a and (±)-1b 

The identity of the major, crystalline meso isomer 1a was proven by single crystal X-Ray analysis (Figure 1). 

[image: ] 
Figure 1. ORTEP diagram (50% probability) of 1 of the 2 crystallographically independent but chemically equivalent molecules of meso-1,2-bis-(prop-2-yn-1-ol)benzene 1a 

This simple preparation of diyne 1a has provided access to a series of these valuable compounds (Scheme 3). Once separated, simple manipulation of the alcohol groups of 1a produced derivatized bis-alkynes 2-4 in good yields. The benzyl ether 2 was prepared from diol 1a using the Williamson ether synthesis with sodium hydride and benzyl bromide. Esters 3 and 4 were prepared from 1a by reaction with acetic anhydride and benzoyl chloride, respectively. 
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	2	3	4 
Scheme 3. Synthesis of further meso bis-alkynes from 1a 

Inspection of the 1H NMR spectrum of the mixture of diols 1a and 1b shows the expected pair of doublets for the alkyne protons of the two isomers (Figure 2A), at 2.73 and 2.74 ppm, corresponding to the racemic and meso forms respectively. Conversion of the mixture of diols into the corresponding diesters using (R)-Mosher’s acid, DCC and DMAP was also investigated to observe the effects on chemical shifts.12 Conversion of the racemic form into the Mosher’s diesters results in a pair of diastereoisomers, each of which produces one doublet in the 1H NMR spectrum. Similar derivatization of the meso compound provides a single compound in which the alkyne protons are in different environments, and therefore also produces a pair of doublets in the 1H NMR spectrum (Figure 2B). It is interesting to note that the upfield chemical shift change is slightly larger for the meso parent than the racemate (by 0.07 and 0.22 ppm for the meso and 0.04 and 0.13 ppm for racemate). This observation may prove of use in the assignment of stereochemistry in further series of bis-alkynes. 


 
[bookmark: _Ref414437854]Figure 2. A - Section of 1H NMR spectrum of the mixture of diols 1a and 1b. B - Section of 1H NMR spectrum of mixture of Mosher’s diesters. 

The alkyne addition was repeated on meta- and para- phthalaldehydes, under similar conditions to those used to generate 1a and 1b (Scheme 4). Remarkably, in each of these examples, the signals in both the 1H and 13C NMR spectra for the meso and racemic forms of each of the diol product pairs 5a/b and 6a/b are coincident (see supplementary information). 

[image: ] 
	5a	(±)-5b 
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	6a	(±)-6b 
Scheme 4. Reaction of meta- and para- phthalaldehydes 

That these products are not each single compounds was proven by conversion into the corresponding diesters using Mosher’s acid, which gave products whose 1H NMR spectra each contained four doublets of approximately equal intensity in the region of the acetylenic proton, suggesting that the Grignard addition of the alkyne to the dialdehyde had given a mixture of meso and racemic products in a ~1:1 ratio in each case (Figure 4). 
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Mosher’s esters of 5a/5b 
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Mosher’s esters of 6a/6b 
Figure 4. Sections of 1H NMR spectra of Mosher’s esters of 5a/5b and 6a/6b 

In view of the burgeoning interest in desymmetrization processes, we believe that this successful access to the first examples of this meso diyne series will prove to be of value. 

Acknowledgment 
This investigation has enjoyed the support of EU Interreg IVA (project 4061). We are indebted to the EPSRC UK National Mass Spectrometry Facility at Swansea University. 

Supporting Information 
YES (this text will be updated with links prior to publication)
Primary Data 
NO (this text will be deleted prior to publication)
References and Notes 
For an example, see: Breuilles, P.; Schmittberger, T.; Uguen, D. Tetrahedron Lett. 1993, 34, 4205-4208. 
For a review of examples employing enzymes, see: García-Urdiales, E.; Alfonso, I.; Gotor, V. Chem. Rev. 2011, 111, 110–180.
For a review of examples employing asymmetric epoxidation reactions, see: Katsuki, T. Cur. Org. Chem. 2001, 5, 663–678. 
(a) Meng, J.; Fokin, V. V.; Finn, M. G. Tetrahedron Lett. 2005, 46, 4543–4546. (b) Zhou, F.; Tan, C.; Tang, J.; Zhang, Y.-Y.; Gao, W.-M.; Wu, H.-H.; Yu, Y.-H.; Zhou, J. J. Am. Chem. Soc. 2013, 135, 10994-10997. (c) Stephenson, G. R.; Buttress, J. P.; Deschamps, D.; Lancelot, M.; Martin, J. P.; Sheldon, A. I. G.; Alayrac. C.; Gaumont, A.-C.; Bulman Page, P. C. Synlett, 2013, 24, 20, 2723-2729. (d) Osako, T.; Uozumi, Y. Org. Lett., 2014, 16, 5866–5869. (e) Song, T.; Li, L.; Zhou, W.; Zheng, Z.-J.; Deng, Y.; Xu, Z.; Xu, L.-W. Chem. Eur. J., 2015, 21, 554-558. (f) Brittain, W. G.; Buckley, B. R.; Fossey, J. S. Chem. Commun. 2015, 51, 17217. 
P C B Page, L F Appleby, Y Chan, D P Day, B R Buckley, A M Z Slawin, S M Allin, M J McKenzie, J. Org. Chem., 2013, 78, 8074.  
For the general concept of ‘click’ chemistry, see: Kolb, H. C.; Finn, M. G.; Sharpless, K. B. Angew. Chem. Int. Ed., 2001, 40, 2004-2021. 
(a) For a recent review, see: Liang, L.; Astruc, D. Coord. Chem. Rev. 2011, 255, 2933-2945. See also: (b) Tornoe, C. W.; Christensen, C.; Medal, M. J. Org. Chem; 2002, 67, 3057-3064 (use of copper). (b) Huisgen, R. Angew. Chem. Int. Ed. 1963, 2, 565-598 (alkyne-azide cycloaddition).
(a) Pellico, D.; Gómez-Gallego, M.; Ramírez-López, P.; Mancheño, M. J.; Sierra, M. A.; Torres, M. R. Chem. Eur. J. 2010, 16, 1592–1600. (b) Melikyan, G. G.; Spencer, R.; Abedi, E. J. Org. Chem. 2009, 74, 8541–8546.
For a recent example, see: Koszelewski, D.; Nowak-Krol, A.; Gryko, D. T. Chem. – Asian J. 2012, 7, 1887–1894.
Tang, N.; Su, W.; Krein, D. M.; Mclean, D. G.; Brant, M. C.; Fleitz, P. A.; Brandelik, D. M.; Sutherland, R. L.; Cooper, T. M. Materials Research Society Symposium Proceedings 1997, 479, 47–52.
[bookmark: _GoBack]1,2-bis-(Prop-2-yn-1-ol)benzene (1a & 1b) 	
Ethynylmagnesium bromide solution (0.5 M in THF, 66 mL, 32.80 mmol) was added to a solution of o-phthalaldehyde (2.00 g, 14.93 mmol) in THF (75 mL). The mixture was heated to reflux with stirring for 4 h, and allowed to cool to room temperature. The reaction was quenched with saturated aqueous NH4Cl (300 mL) and extracted with Et2O (3 x 30 mL). The organic layers were combined and dried over MgSO4, filtered, and the solvents removed under reduced pressure. The crude product was purified using column chromatography, eluting with EtOAc/petroleum ether (1:1) and using a vanillin dip to visualize the spots on TLC. A mixture of diastereoisomers was isolated as a yellow oil (2.47 g, 89%). The HNMR spectrum showed a mixture of isomers in a ratio of 2.1:1. The meso isomer was precipitated from the product mixture using CH2Cl2/petroleum ether, and was separated by filtration of the crystalline meso isomer and washing with petroleum ether. The (±)-isomer remained in the filtrate. Several precipitations were required to achieve almost complete separation. 
For meso-(1S,1'R)-1,2-bis-(prop-2-yn-1-ol)benzene 1a: Large colourless crystals (1.67 g, 60%), m.p. 98-99 °C; IR (neat) 3276, 3264, 2116 cm-1; 1H NMR (CDCl3, 500 MHz) δ 7.92-7.77 (m, 2H), 7.49-7.35 (m, 2H), 5.91 (dd, J = 4.7, 2.2 Hz, 2H), 2.95 (d, J = 4.7 Hz, 2H), 2.74 (d, J = 2.2 Hz, 2H); 13C NMR (CDCl3, 126 MHz) δ 134.7, 129.7, 129.1, 80.3, 75.8, 62.7; Crystal data: C12H10O2, M = 186.21, triclinic, a = 9.7265(12), b = 10.6455(11), c = 11.2471(7) Å, V = 980.67(19) Å3, T = 173 K, space group P-1 (no. 2), Z = 4, 13495 reflections measured, 3562 unique (Rint = 0.0564), which were used in all calculations. The final wR2 was 0.1219 (all data). 
For (±)-1,2-bis-(prop-2-yn-1-ol)benzene 1b: Thick orange oil (0.79 g, 29%). IR (neat) 3414, 3287, 2117 cm-1; 1H NMR (CDCl3, 500 MHz) δ 7.73-7.63 (m, 2H), 7.41-7.37 (m, 2H), 6.03 (d, J = 2.3 Hz, 2H), 2.73 (d, J = 2.3 Hz, 2H); 13C NMR (CDCl3, 126 MHz) δ 137.7, 129.5, 129.3, 82.8, 75.8, 63.4.
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