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1. Characterization of Cu3(BTC)2 MOF Catalysts:

Figure S1. FT-IR spectrum of Cu3(BTC)2 MOF

Figure S2 Powder XRD pattern of simulated (a) and as-synthesized Cu3(BTC)2  MOF (b)
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Figure S3 TGA analysis of Cu3(BTC)2 MOF

Figure S4 Nitrogen adsorption/desorption isotherm of the Cu3(BTC)2 MOF
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Figure S5 Pore size distribution of the Cu3(BTC)2 MOF

Figure S6 EDAX analysis of Cu3(BTC)2 MOF
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Hot Filtration Test:

To verify, the true heterogeneity of MOF, a control experiment was performed using 

optimized conditions. The mother liquor was filtered from the reaction mixture after 4 h (66 % of 

yield) of the reaction by simple filtration. Then the catalyst was again washed with 1 mL of 1,4-

dioxane which was the optimized solvent for this reaction. Both the mother liquor and washed 

solvent was mixed together to get supernatant solution. To this supernatant solution optimized 

amount of K2CO3 was added and allowed to proceed for remaining 8 h without catalyst. Further 

base was added to the supernatant solution, because the added base was removed during 

filtration process. After competition of the stipulated time, catalyst removed mother liquor and 

products conversion was analysed. 

1.1 Synthesis and Characterization of Cu(bpy)(H2O)2(BF4)2(bpy):

Cu(bpy)(H2O)2(BF4)2(bpy) MOF was synthesized according to the reported literature 

procedure.2 First, 4,4’-bipyridine (0.624 g, 2 mmol) in 4 mL of ethanol was slowly added to an 

16 mL aqueous solution of Cu(BF4)2·H2O (0.618 g, 1 mmol) at room temperature and the blue 

precipitate was formed gradually. The mixture was stirred for 4 h at room temperature, after the 

solid was filtered off, washed with water and ethanol, dried in air at room temperature and then 

in vacuum at 100 °C for 2 h and stored under argon. It was characterized using FT-IR, PXRD 

and elemental analysis. In FT-IR spectrum of Cu(bpy)(H2O)2(BF4)2(bpy) MOF peaks were 

present at 3323 and 1301 cm−1 due to the bond formation between 4,4’-bipyridine and water 

molecule in copper salt. Peaks at 1599 and 1666 cm−1 were indicated the presence of 

uncoordinated bipyridine molecules in framework. Elemental analysis by ICP-OES showed the 
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presence of 6.99 mmolg-1 of copper. These characterization results and powder XRD pattern 

were in good agreement with literature.

Figure S7 FT-IR spectrum of Cu(bpy)(H2O)2(BF4)2(bpy) MOF

Figure S8 Powder XRD pattern of simulated (a) and as-synthesized 
Cu(bpy)(H2O)2(BF4)2(bpy) MOF (b)

1.3 Characterization of Cu(tpa) MOF

Cu(tpa) was synthesized by solvothermal process as reported in literature.3 Copper nitrate 

trihydrate (8.45 g) and terephthalic acid (5.80 g) was taken in equimolar quantities of 34.9 mmol 
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in 780 mL of DMF in 1L RB flask, then the mixture was stirred for 30 min. After it was 

transferred to Teflon lined autoclave and heated in an air-oven up to 110 °C for 36 h. After the 

reaction was over, the autoclave was cooled slowly to room temperature and small fine blue 

crystals were found inside the autoclave. Then the mother liquor was simply decanted and 

washed with DMF to remove unreacted copper nitrate trihydrate and terephthalic acid. The solid 

was filtered through the Whatman filter paper (No.3). Then repeatedly washed with excess of 

DMF and dried in a hot air oven at 220 °C for 24 h. In FT-IR spectrum of Cu(tpa) MOF exhibits 

the peaks at 1666 cm-1 indicates that DMF molecule was coordinated to CuII center and absence 

of strong absorption bands at 1760–1690 cm−1 confirmed the deprotonation of carboxylic acid 

groups in 1,4-benzene dicarboxylic acid. In Powder XRD, the presence of a very sharp peak 

nearly at 10.37° indicates that MOF was highly crystalline in nature and the observed pattern 

exactly matches with reported and simulated patterns. Cu(tpa) MOF was dissolved in dil. HNO3  

and the quantitative analysis by ICP-OES showed 19.93 % of copper was present. These 

characterization results and powder XRD pattern were in good agreement with literature.

Figure S9 FT-IR spectrum of Cu(tpa) MOF
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Figure S10 Powder XRD pattern of simulated (a) and as-synthesized Cu(tpa) MOF (b)

1.4 Synthesis of the Ni2(BDC)2(DABCO) MOF:

Ni2(BDC)2(DABCO) MOF was synthesized according to the reported literature 

procedure,4 a solid mixture of H2BDC (H2BDC = 1,4 benzenedicarboxylic acid; 2.075 g, 12.49 

mmol), DABCO (DABCO = 1,4-diazabicyclo[2.2.2]octane; 0.84 g, 7.49 mmol), and 

Ni(NO3)2.6H2O (2.9 g, 9.975 mmol) was dissolved in DMF (DMF = N,N’-dimethylformamide; 

75 mL). The resulting solution was transferred to Teflon-lined autoclave. Then it was heated at 

100 °C in an isothermal oven for 48 h. After cooling the vials to room temperature, the solid 

product was removed by decanting with mother liquor and washed in DMF (3 x 10 mL) for 3 

days. Solvent exchange was carried out with methanol (3 x 10 mL) at room temperature for 3 

days. The material was then evacuated under vacuum at 140 °C for 6 h, yielding 0.425 g of 

Ni2(BDC)2(DABCO) in the form of green crystals (72 % yield). In FT-IR spectrum of 

Ni2(BDC)2(DABCO) showed the absence of strong absorption band at 1760–1690 cm−1 

confirmed the deprotonation of carboxylic acid groups in 1,4-benzene dicarboxylic acid.  EDAX 

analysis of this MOF shows 9.97 wt % of Ni was present. These characterization results and 

powder XRD pattern were in good agreement with literature.
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Figure S11 FT-IR spectrum of Ni2(BDC)2(DABCO) MOF

Figure S12 Powder XRD pattern of simulated (a) and as-synthesized Ni2(BDC)2(DABCO)
MOF (b)

1.5 Synthesis and Characterization of Fe(BTC) MOF:

Fe(BTC) MOF was prepared according to the reported literature.5 The reactants 

Fe(NO3)3·9H2O (2.5 mmol) and 1,3,5-benzenetricarboxylicacid (H3BTC, 3.1 mmol) with a 1:1 

molar ratio were dissolved in 40 mL of DMF. The mixture was heated at 150 °C for 24 h in a 

Teflon lined stainless steel autoclave. After cooled to room temperature, the solid was filtered off 

and washed with DMF and ethanol for several times, then dried at 60 °C in vacuum for 6 h. The 

dried Fe(BTC) MOF powder was obtained and characterized. In FT-IR, the absence of strong 
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absorption bands at 1760–1690 cm−1 and the presence of strong peak at 1620 cm−1 were due to 

the deprotonation of  –COOH groups in benzene tricarboxylic acid, which is lower than the C=O 

stretching  vibrations of carboxylic acids and confirmed the formation of Fe(BTC) MOF. 

Elemental analysis by ICP-OES showed the iron loading was 2.675 mmolg-1. Observed results 

and PXRD pattern were good agreement reported values. 

Figure S13 FT-IR spectrum of Fe(BTC) MOF

Figure S14 Powder XRD pattern of simulated (a) and as-synthesized Fe(BTC) MOF (b)
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1.6 Synthesis and Characterization of Fe-MIL-53:

Fe-MIL-53 was prepared according to the reported literature.6 4.04 g (10 mmol) of 

terephthalic acid, 1.66 g (10 mmol) of iron(III) nitrate nonahydrate and 100 mL of DMF were 

placed in a stainless steel autoclave and heated for 48 h. Crude MIL-53(Fe)-(H2-BDC)x was 

recovered as an orange solid by filtration, washed with DMF, acetone and dried in air. Then the 

solid was dried at 100 °C under vacuum for 8 h. The PXRD pattern and FT-IR analysis were 

good agreement with reported. The absence of strong absorption bands at 1760–1690 cm−1 was 

due to the deprotonation of –COOH groups in benzene dicarboxylic acid and the presence of 

strong peak at 1625 cm−1, which was lower than the C=O stretching vibrations of carboxylic 

acids revealed the formation of Fe-MIL-53 MOF.

Figure S15 FT-IR spectrum of Fe-MIL-53 MOF
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       Figure S16 Powder XRD pattern of simulated (a) and as-synthesized Fe-MIL-53 MOF (b)

1.7 Synthesis and Characterization of IRMOF-3:

IRMOF-3 was prepared by solvothermal process as reported in literature.7 

Zn(NO3)2.6H2O (21 g, 70.6 mmol) and  2-aminoterephthalic acid (5.25 g, 28.9 mmol) were 

dissolved in 700 mL of DMF. The mixture was stirred for 30 minutes. Then it was transferred to 

a Teflon lined autoclave and heated in an air-oven up to 100 °C for 18 h. After, the autoclave 

was cooled to room temperature and then brownish color crystals were filtered off and washed 

with excess of DMF to remove unreacted reactants. Resulted crystals were immersed in 40 mL 

of CHCl3 for three days by changing fresh CHCl3 every day. After, the soaked crystals were 

stored in the CHCl3 until further use. In FT-IR spectrum, the absence of strong absorption bands 

at 1760–1690 cm−1 and the strong peak at 1566 cm−1, which was lower than the C=O stretching 

vibrations of carboxylic acids were confirmed the deprotonation of carboxylic acid group of

2-aminoterephthalic acid. Peak at 3290 cm−1 showed the presence of free amine group in 

IRMOF-3. Observed results and PXRD pattern were in good agreement with those reported. 
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Figure S17 FT-IR spectrum of IRMOF-3

                  

Figure S18 Powder XRD pattern of simulated (a) and as-synthesized
IRMOF-3 (b)
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2. NMR and EI-MS data:

1,4-diphenylbuta-1,3-diyne (3a)
1H NMR (300 MHz, CDCl3) δ: 7.38–7.32 (m, 6H), 

7.56–7.51 (m, 4H).  (Fig. S19)
13C NMR (75 MHz, CDCl3) δ: 73.98, 81.59, 121.89, 

128.42, 129.17, 132.50. (Fig. S20) 

EI-MS: 202 (Fig. S51)

1,4-di-p-tolylbuta-1,3-diyne (3b)
1H NMR (300 MHz, CDCl3) δ: 2.36 (s, 6H), 7.14 (d, 

4H, J = 8.2 Hz), 7.41 (d, 4H, J = 8.1 Hz). (Fig. S21)
13C NMR (75 MHz, CDCl3) δ: 21.60, 73.42, 81.52, 

118.75, 129.18, 132.36, 139.46. (Fig. S22)

EI-MS: 230 (Fig. S52)

1,4-bis(4-ethylphenyl)buta-1,3-diyne (3c)
1H NMR (300 MHz, CDCl3) δ: 1.23 (t, 6H, J = 7.6 

Hz), 2.66 (q, 4H, J = 7.6 Hz), 7.17 (d, 4H, J = 8.0 Hz), 

7.45 (d, 4H, J = 8.1 Hz). (Fig. S23)
13C NMR (75 MHz, CDCl3) δ: 15.14, 28.82, 73.50, 

81.52, 118.91, 127.92, 132.37, 145.60. (Fig. S24)

EI-MS: 258 (Fig. S53)

1,4-bis(4-(tert-butyl)phenyl)buta-1,3-diyne (3d)
1H NMR (300 MHz, CDCl3) δ: 1.32 (s, 18H), 7.36 (d, 

4H, J = 8.6 Hz), 7.47 (d, 4H, J = 8.6 Hz). (Fig. S25)
13C NMR (75 MHz, CDCl3) δ: 31.08, 34.85, 73.55, 

81.50, 118.85, 125.43, 132.25, 152.52. (Fig. S26)

EI-MS: 315 (Fig. S54)

1,4-bis(4-methoxyphenyl)buta-1,3-diyne (3e)
1H NMR (300 MHz, CDCl3) δ: 3.82 (s, 6H), 6.85 (d, 

4H, J = 8.7 Hz), 7.46 (d, 4H, J = 8.8 Hz). (Fig. S27)
13C NMR (75 MHz, CDCl3) δ: 55.31, 72.92, 81.21, 

113.89, 114.10, 134.01, 160.20. (Fig. S28)

OMeMeO
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EI-MS: 262 (Fig. S55)

1,4-bis(2-methoxyphenyl)buta-1,3-diyne (3f)
1H NMR (300 MHz, CDCl3) δ: 3.83 (s, 6H), 6.82 (dd, 

2H, J = 3.7, 4.7 Hz), 6.86 (dd, 2H, J = 0.9, 7.5 Hz), 

7.25 (ddd, 2H, J = 1.7, 7.6, 8.3 Hz), 7.41 (dd, 2H, J = 

1.7, 7.6 Hz). (Fig. S29)
13C NMR (75 MHz, CDCl3) δ: 55.62, 77.84, 78.60, 

110.54, 110.99, 120.34, 130.48, 134.16, 161.17. (Fig. 

S30)

EI-MS: 262 (Fig. S56)

OMe

MeO

1,4-bis(4-propoxyphenyl)buta-1,3-diyne (3g)
1H NMR (300 MHz, CDCl3) δ: 0.96 (t, 6H, J = 7.4 

Hz), 1.67–1.81 (m, 4H), 3.85 (t, 4H, J = 6.6 Hz), 6.77 

(t, 4H, J = 5.6 Hz), 7.33–7.41(m, 4H). (Fig. S31)
13C NMR (75 MHz, CDCl3) δ: 9.47, 21.48, 68.56, 

71.90, 80.31, 112.64, 113.61, 132.99, 158.81. (Fig. 

S32)

O O

1,4-bis(4-(benzyloxy)phenyl)buta-1,3-diyne (3h)
1H NMR (300 MHz, CDCl3) δ: 5.08 (s, 4H), 6.93 (d, 

4H, J = 8.7 Hz), 7.40 (m, 14H). (Fig. S33)
13C NMR (75 MHz, CDCl3) δ: 70.04, 73.00, 81.19, 

114.17, 114.99, 127.45, 128.14, 128.64, 134.04, 

136.37, 159.37. (Fig. S34)

EI-MS: 234 (Fig. S57)

O O

1,4-bis(4-fluorophenyl)buta-1,3-diyne (3i)
1H NMR (300 MHz, CDCl3) δ: 7.00–7.08 (m, 4H), 

7.48–7.55 (m, 4H). (Fig. S35)
13C NMR (75 MHz, CDCl3) δ: 164.78, 161.45, 

134.59, 134.48, 117.94, 117.90, 116.05, 115.75, 

80.45, 73.61. (Fig. S36)

EI-MS: 238 (Fig. S58)

FF
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1,4-bis(3-fluorophenyl)buta-1,3-diyne (3j)
1H NMR (300 MHz, CDCl3) δ: 7.10 (ddd, 2H, J = 3.1, 

5.8, 11.8 Hz), 7.19–7.25 (m, 2H), 7.32 (ddd, 4H, J = 

1.7, 3.4, 4.3 Hz). (Fig. S37)
13C NMR (75 MHz, CDCl3) δ: 74.39, 80.59, 116.77, 

117.05, 119.07, 119.37, 123.29, 123.41, 128.44, 

128.49, 130.08, 130.19, 160.61, 163.89. (Fig. S38)

EI-MS: 238 (Fig. S59)

F F

1,4-bis(3-chlorophenyl)buta-1,3-diyne (3k) 
1H NMR (300 MHz, CDCl3) δ: 7.26–7.32(m, 2H), 

7.34–7.39 (m, 2H), 7.41 (dt, 2H, J = 1.3, 7.5 Hz), 7.51 

(t, 2H, J = 1.7 Hz). (Fig. S39)
13C NMR (75 MHz, CDCl3) δ: 74.67, 80.54, 123.26, 

129.70, 130.64, 132.25, 134.34. (Fig. S40)

EI-MS: 270, 272, 271(Fig. S60)

Cl Cl

3,3'-(buta-1,3-diyne-1,4-diyl)dianiline (3l)
1H NMR (300 MHz, CDCl3) δ: 3.55–3.77 (m, 4H), 

6.61 (dt, 2H, J = 11.1, 17.8 Hz), 6.77 (d, 2H, J = 13.4 

Hz), 6.82–6.89 (m, 2H), 7.04 (t, 2H, J = 7.8 Hz). (Fig. 

S41)
13C NMR (75 MHz, CDCl3) δ: 73.33, 81.62, 116.21, 

118.31, 122.33, 122.83, 129.30, 146.26. (Fig. S42)

EI-MS: 232 (Fig. S61)

H2N

NH2

1,4-di(cyclohex-1-en-1-yl)buta-1,3-diyne (3m)
1H NMR (300 MHz, CDCl3) δ: 1.60 (d, 8H, J = 4.1 

Hz), 2.12 (d, 8H, J = 3.8 Hz), 6.25 (s, 2H). (Fig. S43)
13C NMR (75 MHz, CDCl3) δ: 21.27, 22.09, 25.83, 

28.65, 71.52, 82.64, 119.90, 138.05. (Fig. S44)

EI-MS: 210 (Fig. S62)

1,1'-(buta-1,3-diyne-1,4-diyl)dicyclohexanol (3n)
1H NMR (300 MHz, CDCl3) δ: 1.51–1.74 (m, 12 H), 
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1.94 (dd, 8 H, J = 14.9, 28.9 Hz). (Fig. S45)
13C NMR (75 MHz, CDCl3) δ: 22.82, 24.84, 39.40, 

67.84, 68.20, 83.32. (Fig. S46)

EI-MS: (Fig. S63)
HOOH

2,2,7,7-tetramethylocta-3,5-diyne (3o)
1H NMR (300 MHz, CDCl3) δ: 1.24 (s, 18H). (Fig. 

S47)
13C NMR (75 MHz, CDCl3) δ: 27.90, 30.58, 63.74, 

86.07. (Fig. S48)

EI-MS: 162 (Fig. S64)

Hexa-2,4-diyne-1,6-diol (3p)
1H NMR (300 MHz, CDCl3) δ: 4.36 (s, 4H). (Fig. 

S49)
13C NMR (75 MHz, CDCl3) δ: 50.41, 68.79, 78.11.

 (Fig. S50)

EI-MS: 110 (Fig. S65)

HO

OH
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4. NMR Spectra of isolated Compounds from 3a – 3p:

Fig. S19 1H NMR spectrum of 1,4-diphenylbuta-1,3-diyne 3a (300 MHz, CDCl3) 

Fig. S20 13C NMR spectrum of 1,4-diphenylbuta-1,3-diyne 3a (75 MHz, CDCl3) 
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Fig. S21 1H NMR spectrum of 1,4-di-p-tolylbuta-1,3-diyne (3b) (300 MHz, CDCl3)

Fig. S22 13C NMR spectrum of 1,4-di-p-tolylbuta-1,3-diyne (3b) (75 MHz, CDCl3)
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Fig. S23 1H NMR spectrum of 1,4-bis(4-ethylphenyl)buta-1,3-diyne (3c) (300 MHz, CDCl3) 

Fig. S24 13C NMR spectrum of 1,4-bis(4-ethylphenyl)buta-1,3-diyne (3c) (75 MHz, CDCl3)



22

Fig. S25 1H NMR spectrum of 1,4-bis(4-(tert-butyl)phenyl)buta-1,3-diyne (3d) (300 MHz, CDCl3)

Fig. S26 13C NMR spectrum of 1,4-bis(4-(tert-butyl)phenyl)buta-1,3-diyne (3d) (75 MHz, CDCl3)
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Fig. S27 1H NMR spectrum of 1,4-bis(4-methoxyphenyl)buta-1,3-diyne (3e) (300 MHz, CDCl3)

Fig. S28 13C NMR spectrum of 1,4-bis(4-methoxyphenyl)buta-1,3-diyne (3e) (75 MHz, CDCl3)

OMeMeO

OMeMeO
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Fig. S29 1H NMR spectrum of 1,4-bis(2-methoxyphenyl)buta-1,3-diyne (3f) (300 MHz, CDCl3) 

Fig. S30 13C NMR spectrum of 1,4-bis(2-methoxyphenyl)buta-1,3-diyne (3f) (75 MHz, CDCl3)

OMe

MeO

OMe

MeO
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Fig. S31 1H NMR spectrum of 1,4-bis(4-propoxyphenyl)buta-1,3-diyne (3g) (300 MHz, CDCl3) 

Fig. S32 13C NMR spectrum of 1,4-bis(4-propoxyphenyl)buta-1,3-diyne (3g) (75 MHz, CDCl3)

O O

O O
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Fig. S33 1H NMR spectrum of 1,4-bis(4-(benzyloxy)phenyl)buta-1,3-diyne (3h) (300 MHz, CDCl3)

Fig. S34 13C NMR spectrum of 1,4-bis(4-(benzyloxy)phenyl)buta-1,3-diyne (3h) (75 MHz, CDCl3)

O O

O O
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Fig. S35 1H NMR spectrum of 1,4-bis(4-fluorophenyl)buta-1,3-diyne (3i)  (300 MHz, CDCl3)

Fig. S36 13C NMR spectrum of 1,4-bis(4-fluorophenyl)buta-1,3-diyne (3i)  (75 MHz, CDCl3)

FF

FF



28

Fig. S37 1H NMR spectrum of 1,4-bis(3-fluorophenyl)buta-1,3-diyne (3j) (300 MHz, CDCl3)

Fig. S38 13C NMR spectrum of 1,4-bis(3-fluorophenyl)buta-1,3-diyne (3j) (75 MHz, CDCl3)

F F

F F
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Fig. S39 1H NMR spectrum of 1,4-bis(3-chlorophenyl)buta-1,3-diyne (3k) (300 MHz, CDCl3) 

Fig. S40 13C NMR spectrum of 1,4-bis(3-chlorophenyl)buta-1,3-diyne (3k) (75 MHz, CDCl3)

Cl Cl

Cl Cl
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Fig. S41 1H NMR spectrum of 3,3'-(buta-1,3-diyne-1,4-diyl)dianiline (3l) (300 MHz, CDCl3)

Fig. S42 13C NMR spectrum of 3,3'-(buta-1,3-diyne-1,4-diyl)dianiline (3l) (75 MHz, CDCl3) 

H2N

NH2

H2N

NH2
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Fig. S43 1H NMR spectrum of 3,3'-(buta-1,3-diyne-1,4-diyl)dianiline (3l) (300 MHz, CDCl3) 

Fig. S44 13C NMR spectrum of 3,3'-(buta-1,3-diyne-1,4-diyl)dianiline (3l) (75 MHz, CDCl3)
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Fig. S45 1H NMR spectrum of 1,1'-(buta-1,3-diyne-1,4-diyl)dicyclohexanol (3n) (300 MHz, CDCl3)

Fig. S46 13C NMR spectrum of 1,1'-(buta-1,3-diyne-1,4-diyl)dicyclohexanol (3n) (75 MHz, CDCl3)

HOOH

HOOH
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Fig. S47 1H NMR spectrum of 2,2,7,7-tetramethylocta-3,5-diyne (3o) (300 MHz, CDCl3)

Fig. S48 13C NMR spectrum of 2,2,7,7-tetramethylocta-3,5-diyne (3o) (75 MHz, CDCl3)
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Fig. S49 1H NMR spectrum of Hexa-2,4-diyne-1,6-diol (3p) (300 MHz, CDCl3) 

Fig. S50 1H NMR spectrum of Hexa-2,4-diyne-1,6-diol (3p) (75 MHz, CDCl3) 

HO

OH

HO

OH
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6.  EI-MS Spectra of isolated Compounds from 3a – 3p: 

Fig. S51 EI-MS for 1,4-diphenylbuta-1,3-diyne (3a)

Molecular Weight: 202.25
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Fig. S52 EI-MS for 1,4-di-p-tolylbuta-1,3-diyne (3b) 

Molecular Weight: 230.30
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Fig. S53 EI-MS for 1,4-bis(4-ethylphenyl)buta-1,3-diyne (3c)

Molecular Weight: 258.36



38

 Fig. S54 EI-MS for 1,4-bis(4-(tert-butyl)phenyl)buta-1,3-diyne (3d) 

Molecular Weight: 314.46
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 Fig. S55 EI-MS for 1,4-bis(4-methoxyphenyl)buta-1,3-diyne (3e) 

MeO OMe

Molecular Weight: 262.30
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Fig. S56 EI-MS for 1,4-bis(2-methoxyphenyl)buta-1,3-diyne (3f) 

OMe MeO

Molecular Weight: 262.30
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Fig. S57 EI-MS for 1,4-bis(4-(benzyloxy)phenyl)buta-1,3-diyne (3h) 

HO OH

Molecular Weight: 234.25

O O

Molecular Weight: 414.49
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Fig. S58 EI-MS for 1,4-bis(4-fluorophenyl)buta-1,3-diyne (3i) 

F F

Molecular Weight: 238.23
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Fig. S59 EI-MS for 1,4-bis(3-fluorophenyl)buta-1,3-diyne (3j) 

F F

Molecular Weight: 238.23
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Fig. S60 EI-MS for 1,4-bis(3-chlorophenyl)buta-1,3-diyne (3k) 

Cl Cl

Molecular Weight: 271.14
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Fig. S61 EI-MS for 3,3'-(buta-1,3-diyne-1,4-diyl)dianiline (3l)

H2N

NH2

Molecular Weight: 232.28
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Fig. S62 EI-MS for 1,4-di(cyclohex-1-en-1-yl)buta-1,3-diyne (3m) 

Molecular Weight: 210.31
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 Fig. S63 EI-MS for 1,1'-(buta-1,3-diyne-1,4-diyl)dicyclohexanol (3n) 

Molecular Weight: 246.34

OH HO
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Fig. S64 EI-MS for 2,2,7,7-tetramethylocta-3,5-diyne (3o) 

Molecular Weight: 162.27
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Fig. S65 EI-MS for Hexa-2,4-diyne-1,6-diol (3p)

HO

OH

Molecular Weight: 110.11


