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General:

All reactions that were carried out under anhydrous conditions were performed under an
inert argon or nitrogen atmosphere in glassware that had previously been dried overnight
at 120 °C or had been flame dried and cooled under a stream of argon or nitrogen.' All
chemical products were obtained from Sigma-Aldrich Chemical Company or Strem
Chemicals and were reagent quality. 10-Undecyn-1-ol* and 1-O-benzyl-rac-glycerol’®
were prepared according to literature procedures. The macrocyclic precursors non-8-yn-
1-yl hex-5-ynoate (1), non-8-yn-1-yl undec-10-ynoate (3) and methyl 3,5-bis(undec-10-
yn-1-yloxy)benzoate as well as macrocycles 4, 5 and 7 have been previously reported in
the literature.* Technical solvents were obtained from VWR International Co. Anhydrous
solvents (CH,Cl,, Et,0, THF, DMF, Toluene, and n-hexane) were dried and
deoxygenated using a GlassContour system (Irvine, CA). Isolated yields reflect the mass
obtained following flash column silica gel chromatography. Organic compounds were
purified using the method reported by W. C. Still’ and using silica gel obtained from
Silicycle Chemical division (40-63 nm; 230-240 mesh). Analytical thin-layer
chromatography (TLC) was performed on glass-backed silica gel 60 coated with a
fluorescence indicator (Silicycle Chemical division, 0.25 mm, F,s4.). Visualization of
TLC plate was performed by UV (254 nm), KMnOj, or p-anisaldehyde stains. All mixed
solvent eluents are reported as v/v solutions. Concentration refers to removal of volatiles
at low pressure on a rotary evaporator. All reported compounds were homogeneous by
thin layer chromatography (TLC) and by 'H NMR. NMR spectra were taken in
deuterated CDCl; using Bruker AV-300 and AV-400 instruments unless otherwise noted.
Signals due to the solvent served as the internal standard (CHCls: 6 7.27 for IH, 0 77.0 for
BC). The "H NMR chemical shifts and coupling constants were determined assuming
first-order behavior. Multiplicity is indicated by one or more of the following: s (singlet),
d (doublet), t (triplet), q (quartet), m (multiplet), br (broad); the list of couplings constants
(J) corresponds to the order of the multiplicity assignment. The 'H NMR assignments
were made based on chemical shift and multiplicity and were confirmed, where
necessary, by homonuclear decoupling, 2D COSY experiments. The “C NMR
assignments were made on the basis of chemical shift and multiplicity and were
confirmed, where necessary, by two dimensional correlation experiments (HSQC). High
resolution mass spectroscopy (HRMS) was done by the Centre régional de spectrométrie
de masse at the Département de Chimie, Université de Montréal from an Agilent LC-
MSD TOF system using ESI mode of ionization unless otherwise noted.

! Shriver, D. F.; Drezdon, M. A. in The Manipulation of Air-Sensitive Compounds; Wiley-VCH: New York, 1986.
% Sharma, A.; Chattopadhyay, S. J. Org. Chem. 1998, 63, 6128.

* Karmee, K. S. Synth. Comm. 2013, 43, 450.

4 Bédard, A.-C.; Collins, S. K. J. Am. Chem. Soc. 2011, 133, 19976.

® Still, W. C.; Kahn, M.; Mitra, A. J. Org. Chem. 1978, 43, 2923.
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SYNTHESIS OF MACROCYCLIZATION PRECURSORS.
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Butane-1,4-diyl dibut-3-ynoate (S3): To a stirred solution of the 1,4-butanediol (0.56
mL, 6.3 mmol, 1 equiv.) and 6-heptynoic acid (1.6 g, 13 mmol, 2.0 equiv.) in anhydrous
CHClI; (63 mL, 0.1 M) was added N,N'-dicyclohexylcarbodiimide (5.23 g, 25.4 mmol,
4.0 equiv.) and 4-dimethylaminopyridine (3.88 g, 38 mmol, 6.0 equiv.) at room
temperature. The reaction mixture was stirred at room temperature for 15 h. Upon
complete conversion of the starting material (TLC), the crude reaction mixture was
placed in a freezer for 5 h to induce the precipitation of the urea, which was subsequently
removed by filtration. The filtrate was concentrated in vaccuo to provide the crude
reaction mixture, which was purified by silica gel column chromatography (100%
Hexanes to 20% EtOAc/Hexanes) to afford the desired product S3 as a colorless semi-
solid (1.24 g, 64%). "H NMR (300 MHz, CDCl3) 8 =4.19 - 4.01 (m, 4H), 2.33 (t, J="7.4
Hz, 4H), 2.21 (dt, J = 7.0, 2.6 Hz, 4H), 1.95 (t, J = 2.6 Hz, 2H), 1.83 - 1.64 (m, 8H), 1.62
- 1.49 (m, 4H); °C NMR (75 MHz, CDCl;) & ppm = 173.3, 83.9, 68.6, 63.8, 33.7, 27.8,
25.3, 24.0, 18.1; HRMS (ESI) m/z calculated for C;sH3)NO4 [M+NH4]+, 324.2169;
found: 324.2172.
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((2,3-bis(prop-2-ynyloxy)propoxy)methyl)benzene (S6): In a flamed-dried flask, 1-
hexyn-1-o0l (2.0 g, 20.4 mmol, 1 equiv.) was dissolved in anhydrous CH,Cl, (100 mL)
and Et;N (4.9 mL, 22.4 mmol, 1.1 equiv.) was added. The mixture was cooled to 0 °C
and methanesulfonyl chloride (2.8 mL, 24.5 mmol, 1.2 equiv.) was added dropwise. The
mixture was slowly warmed to room temperature and stirred for 2h. Water was added to
the mixture and the organic and aqueous phases were separated. The aqueous phase was
extracted 2x with CH,Cl, and the organic phases were combined, dried over Na;SOys,
filtered and concentrated in vaccuo. The product prop-2-ynyl methanesulfonate S5 was
obtained as a crude pale yellow oil was used directly in the next step. To a stirred
solution of 1-O-benzyl-rac-glycerol (570 mg, 3.1 mmol, 1 equiv.) at 0°C in anhydrous
DMF (20 mL) was added NaH (60% in oil, 313 mg, 7.8 mmol, 2.5 equiv.) in 5 portions.
The mixture was warmed slowly to r.t. and prop-2-ynyl methanesulfonate S5 (1.38 g, 7.8
mmol, 2.5 equiv.) was added in one portion. The reaction was then warmed to 60 °C for
2h (or until judged complete by TLC) and then cooled back to room temperature. Water
and ethyl acetate were added and the organic and aqueous layers were separated. The
aqueous phase was extracted with EtOAc (3x) and the combined organic layers were
washed with brine (3x). The organic layer was dried with Na;SO,, filtered and
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concentrated in vaccuo. The crude oil was purified by silica gel column chromatography
(20% EtOAc/Hexanes). The desired product S6 was obtained as a colorless oil (0.72 g,
65 %). '"H NMR (400 MHz, CDCl3) & = 7.38 - 7.22 (m, 5H), 4.60 - 4.49 (m, 2H), 3.67 -
3.39 (m, 9H), 2.24 - 2.15 (m, 4H), 2.00 - 1.96 (m, 2H), 1.73 - 1.52 (m, 8H); °C NMR (75
MHz, CDCls3) & ppm =138.3, 128.3, 127.6, 127.5, 84.4, 84.3, 78.0, 73.4, 70.9, 70.8, 70.2,
69.8, 68.4, 68.3, 29.1, 28.6, 25.2, 25.1, 18.18, 18.17; HRMS (ESI) m/z calculated for
CyH3,0; [M+H]", 343.2268; found: 343.2269.
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((2,3-bis(non-2-ynyloxy)propoxy)methyl)benzene (S9): In a flamed-dried flask, 1-
undecyn-1-ol (1.5g, 8.9 mmol, 1 equiv.) was dissolved in anhydrous CH,Cl, (45 mL) and
Et:N (2.5 mL, 13.2 mmol, 1.5 equiv.) was added. The mixture was cooled to 0 °C and
methanesulfonyl chloride (0.75 mL, 9.7 mmol, 1.1 equiv.) was added dropwise. The
mixture was slowly warmed to room temperature and stirred for 2h. Water was added to
the mixture and the organic and aqueous phases were separated. The aqueous phase was
extracted with CH,Cl, (2x) and the organic phases were combined, dried over Na;SOy,
filtered and concentrated in vaccuo. The non-2-ynyl methanesulfonate S8 was obtained as
a yellow oil and was used crude directly in the next step. To a stirred solution of 1-O-
benzyl-rac-glycerol (277 mg, 1.63 mmol, 1 equiv.) at 0 °C in anhydrous DMF (10 mL)
was added NaH (60% in oil, 163 mg, 4.1 mmol, 2.5 equiv.) in 5 portions. The mixture
was warmed slowly to r.t. and non-2-ynyl methanesulfonate (883 mg, 3.6 mmol, 2.2
equiv.) was added in one portion. The reaction was then warmed to 60 °C for 2 h (or until
complete as judged by TLC) and then cooled back to room temperature. Water and ethyl
acetate were added and the organic and aqueous layers were separated. The aqueous
phase was extracted with EtOAc (3x) and the combined organic layers were washed with
brine (3x). The organic layer was dried over Na,SO, filtered and concentrated in vaccuo.
The crude oil was purified by silica gel column chromatography (15% EtOAc/Hexanes)
and the desired product S9 was obtained as a colorless oil (200 mg, 29 %). 'H NMR (300
MHz, CDCl3) 6 = 7.41 - 7.23 (m, 5H), 4.56 (s, 2H), 3.68 - 3.47 (m, 7H), 3.43 (t, J = 6.7
Hz, 2H), 2.18 (dt, J = 6.9, 2.5 Hz, 4H), 1.94 (t, J = 2.5 Hz, 2H), 1.64 - 1.46 (m, 8H), 1.46
- 1.23 (m, 20H); °C NMR (75 MHz, CDCl3) & ppm = 138.4, 128.3, 127.5, 84.7, 77.9,
73.3,71.6,70.7, 70.5, 70.3, 68.4 (2C), 30.1, 29.6, 29.41 (2C), 29.39 (2C), 29.0 (2C), 28.7
(2C), 28.4 (20C), 26.1 (2C), 26.0 (2C), 18.4 (2C); HRMS (ESI) m/z calculated for
C3,Hs,05 [M+H]", 483.3833; found: 483.3844.
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((2,3-bis(undec-2-ynyloxy)propoxy)methyl)benzene (S12): In a flamed-dried flask, 1-
tridecyn-1-ol (2.30 g, 11.7 mmol, 1 equiv.) was dissolved in anhydrous DCM (60 mL)
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and Et;N (1.9 mL, 14.0 mmol, 1.2 equiv.) was added. The mixture was cooled to 0 °C
and methanesulfonyl chloride (1.0 mL, 12.9 mmol, 1.1 equiv.) was added dropwise. The
mixture was slowly warmed to room temperature and stirred for 2 h. Water was added to
the mixture and the organic and aqueous phases were separated. The aqueous phase was
extracted with CH,Cl, (2x) and the organic phases were combined, dried over Na;SOy,
filtered and concentrated in vaccuo. The product undec-2-ynyl methanesulfonate S11 was
obtained as a crude yellow oil which was used directly in the next step. To a stirred
solution of 1-O-benzyl-rac-glycerol (0.85 g, 4.7 mmol, 1 equiv.) at 0 °C in anhydrous
DMF (60 mL) was added NaH (60% in oil, 468 mg, 11.7 mmol, 2.5 equiv.) in 5 portions.
The mixture was warmed slowly to r.t. and undec-2-ynyl methanesulfonate (3.2 g, 11.7
mmol, 2.5 equiv.) was added in one portion. The reaction was then warmed to 60 °C for
2h (or until judged complete by TLC) and then cooled back to room temperature. Water
and ethyl acetate were added and the organic and aqueous layers were separated. The
aqueous phase was extracted with EtOAc (3x) and the combined organic layers were
washed with brine (3x). The organic layer was dried over Na,SOi, filtered and
concentrated in vaccuo. The crude oil was purified by silica gel column chromatography
(10% EtOAc/Hexanes). The desired product S12 was obtained as a pale yellow oil (2.0 g,
32 %). '"H NMR (400 MHz, CDCl3) & = 7.36 — 7.35 (m, 4H), 7.33 - 7.26 (m, 1H), 4.58 (s,
2H), 3.68 - 3.49 (m, 7H), 3.45 (t, J = 6.6 Hz, 2H), 2.20 (dt, J = 7.1, 2.7 Hz, 4H), 1.96 (t, J
= 2.7 Hz, 2H), 1.66 - 1.49 (m, 8H), 1.46 - 1.23 (m, 28H); °C NMR (75 MHz, CDCl3) &
ppm = 138.4, 128.3, 127.54, 127.47, 84.8, 77.9 (2C), 73.3, 71.6, 70.7, 70.6, 70.3, 68.0
(20), 30.1 (2C), 29.63 (20), 29.57 (2C), 29.53 (2C), 29.47 (2C), 29.1 (2C), 28.7 (20),
28.5 (2C), 26.10 (2C), 26.07 (2C); HRMS (ESI) m/z calculated for C3¢HsoO3 [M+H]',
539.4459; found: 539.4443.

0 S
A OH DCC, DMAP, CH,Cl )J\M//
\\(v)’lLOH 4+ Bro Kk _on 16h, rt. - O
8 0
s13 64 % //M\"/
’ Z S14

1,2-Bis(10-undecynoyl)-3-O-benzylglycerol (S14): To a stirred solution of 1-O-benzyl-
rac-glycerol (0.56 mL, 6.3 mmol, 1 equiv.) and undecynoic acid (1.6 g, 13 mmol, 2
equiv.) in  anhydrous  dichloromethane (63 mL) was added N,N'-
dicyclohexylcarbodiimide (5.23 g, 25.4 mmol, 4 equiv.) and 4-dimethylaminopyridine
(3.88 g, 38 mmol, 6 equiv.) at room temperature. The reaction mixture was stirred at
room temperature for 15 h. Upon complete conversion of the starting material (TLC), the
crude reaction mixture was placed in a freezer for 5 h to induce the precipitation of the
urea, which was subsequently removed by filtration. The filtrate was concentrated in
vaccuo to provide the crude reaction mixture, which was purified by silica gel column
chromatography to afford the desired product S14 as a colorless semi-solid (1.24 g, 64
%). The NMR data are in agreement with that obtained in the literature.’

6 Bhattacharya, S.; Ghosh, S.; Easwaran, K. R. K. J. Org. Chem. 1998, 63, 9232.
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((2,3-bis(prop-2-ynyloxy)propoxy)methyl)benzene (S15): To a stirred solution of 1-O-
benzyl-rac-glycerol (600 mg, 3.3 mmol) at 0 °C in anhydrous DMF (17 mL) was added
NaH (60% in oil, 330 mg, 8.2 mmol) in 5 portions. The mixture was warmed slowly to
room temperature and propargyl bromide (0.75 mL, 7.2 mmol) was added in one portion.
The reaction was then warmed to 60 °C for 2 h and then cooled back to room
temperature. Water and ethyl acetate were added and the organic and aqueous layers were
separated. The aqueous phase was extracted with EtOAc (3x) and the combined organic
layers were washed with brine (3x). The organic layer was dried over Na,SO,, filtered
and concentrated in vaccuo. The crude oil was purified by silica gel column
chromatography (10% EtOAc/Hexanes). The desired product S15 was obtained as a
colorless oil in (612 mg, 72 %). 'H NMR (300 MHz, CDCl;) & = 7.41 - 7.22 (m, 5H),
4.55 (s, 2H), 4.33 (d, J = 2.4 Hz, 2H), 4.16 (d, J = 2.4 Hz, 2H), 3.93 (m, 1H), 3.74 - 3.57
(m, 4H), 2.47 (m, 2H); *C NMR (75 MHz, CDCl;) & ppm = 137.8, 128.0, 127.2 (2C),
79.7,79.2, 76.0, 74.5, 74.2, 72.9, 69.5, 69.3, 58.1, 57.1; HRMS (ESI) m/z calculated for
Ci6H1903 [M+H]", 259.1329; found: 259.1340.
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SYNTHESIS OF MACROCYCLES
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General procedure A for the macrocylization of diynes under Glaser-Hay oxidative
coupling conditions using microwave irradiation: Macrocycle (4): To a microwave
vial equipped with a stirring bar was added CuCl, (5.5 mg, 0.03 mmol, 25 mol%) and
Ni(NO3),'6H20 (9.3 mg, 0.03 mmol, 25 mol%). Polyethylene glycol 400 (3.33 mL),
triethylamine (0.05 mL, 0.36 mmol, 3 equiv.) and TMEDA (0.07 mL, 0.6 mmol, 5
equiv.) were added and the mixture was stirred at room temperature for 15 min or until
the solution was homogenous. The diyne (0.12 mmol) was added to the mixture as a
methanol solution (1.67 mL) in one portion. Oxygen was bubbled in the solution for 5
min and the vial was then closed with a microwave cap. The reaction was warmed to
120°C for 6h using a Biotage Initiator microwave reactor. The crude mixture was loaded
directly on a silica column. Purification by chromatography (100% Hexanes—20%
EtOAc/Hexanes) afforded the product 4 as a colorless semi-solid (31 mg, 81%).

General procedure B for the macrocylization of diynes under Glaser-Hay oxidative
coupling conditions using continuous-flow: Macrocycle (4): To a pear shaped flask
equipped with a stirring bar was added CuCl, (11 mg, 0.06 mmol, 25 mol%) and
Ni(NO3),:6H,O (19 mg, 0.06 mmol, 25 mol%). Polyethylene glycol 400 (5 mL),
triethylamine (0.1 mL, 0.72 mmol, 3 equiv.) and TMEDA (0.14 mL, 1.2 mmol, 5 equiv.)
were added and the mixture was stirred at room temperature for 15 min or until the
solution was homogenous. The diyne (0.24 mmol) was added to the mixture as a
methanol solution (5 mL) in one portion. The reaction was then passed through a 5 mL
stainless-steel coil at 1 mL/min at 120°C using a VapourTech R4 reactor and a R2+
pumping module. The solution was cycled for a total residence time of 1.5 h (which for a
10mL reaction mixture and a 5 mL coil takes a total reaction time of 3 h). To the crude
reaction mixture, silica gel was added and the solvent was removed in vaccuo.
Purification by silica gel chromatography (100% Hexanes—20% EtOAc/Hexanes)
afforded the product as a colorless semi-solid (66 mg, 91%).

jOBn

o) o)
x =
8

General procedure C for the large scale macrocylization of diynes under Glaser-
Hay oxidative coupling conditions using continuous-flow: Macrocycle (8): To a pear
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shaped flask equipped with a stirring bar was added CuCl, (160 mg, 0.94 mmol, 25
mol%) and Ni(NO3),-6H»0 (273 mg, 0.94 mmol, 25 mol%). Polyethylene glycol 400 (96
mL), triethylamine (1.47 mL, 11.25 mmol, 3 equiv.) and TMEDA (3.0 mL, 18.75 mmol,
5 equiv.) were added and the mixture was stirred at room temperature for 15 min or until
the metals were solubilized. The diyne (1.3g, 3.75 mmol) was added to the homogenous
mixture as a methanol solution (48 mL) in one portion. The reaction was then passed
through two 10 mL stainless-steel coil placed in series (connected with a short isolated
stainless steel tube) at 0.22 mL/min at 120°C using a VapourTech R4 reactor and a R2+
pumping module. After collection of the reaction mixture, silica gel was added and the
solvent was removed in vaccuo. Purification by chromatography (100% Hexanes—20%
EtOAc/Hexanes) afforded the product 8 as a colorless semi-solid (860 mg, 66%). 'H
NMR (300 MHz, CDCls) 6 =7.42 - 7.22 (m, 5H), 4.61 (s, 2H), 3.96 - 3.33 (m, 9H), 2.48 -
2.31 (m, 2H), 2.25 - 2.06 (m, 2H), 1.90 - 1.53 (m, 6H), 1.26 (s, 2H); °C NMR (125 MHz,
CDCls) 6 ppm = 138.7, 128.3, 127.6, 127.4, 79.5, 79.3, 73.3, 71.2, 69.5, 69.2, 69.0, 66.6,
66.3,29.7,29.1, 28.4, 23.5, 23.3, 19.3, 19.1; HRMS (ESI) m/z calculated for C,;H,3NaO;
[M+Na]", 363.1931; found: 363.1930.

O

(0]
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Macrocycle (5): Following the general procedure B described above, macrocycle 5 was
isolated as a colorless oil. (71 mg, 72%). '"H NMR (300 MHz, CDCls) & ppm: 4.12 (m,
4H), 2.46 - 2.24 (m, 8H), 1.95 - 1.44 (m, 12H); °C NMR (75 MHz, CDCl;) & ppm =
173.4, 76.7, 66.2, 64.0, 34.6, 27.2, 25.4, 24.4, 18.8; HRMS (ESI) m/z calculated for
CisH24NaO4 [M+Na]", 327.1567; found: 327.1572.
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Macrocycle (9): Following the general procedure B described above, macrocycle 9 was
isolated as a colorless oil (90 mg, 78%). 'H NMR (300 MHz, CDCl;) & ppm: 7.40 - 7.23
(m, 5H), 4.56 (s, 2H), 3.73 - 3.35 (m, 9H), 2.33 - 2.22 (m, 4H), 1.71 - 1.19 (m, 28H); *C
NMR (75 MHz, CDCl3) 6 ppm = 138.4, 128.3, 127.6, 127.5, 77.9, 77.2, 73.3, 71.53,
71.45, 70.5, 70.3, 70.1, 65.7 (2C), 29.9, 29.7, 29.5 (2C), 29.3 (2C), 29.0, 28.9, 28.8,
28.28, 28.25,27.82, 27.81, 26.09, 26, 07, 19.1; HRMS (ESI) m/z calculated for C3,H4905
[M+H]", 481.3676; found: 481.3678.
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Macrocycle (10): Following the general procedure B described above, macrocycle 10
was isolated as a colorless oil (64 mg, 99%). 'H NMR (300 MHz, CDCl5) & ppm: 7.41 -
7.25 (m, 5H), 4.56 (s, 2H), 3.74 - 3.36 (m, 9H), 2.27 (t, J = 6.2 Hz, 4H), 1.68 - 1.20 (m,
16H); °C NMR (75 MHz, CDCl;) & ppm = 138.4, 128.3, 127.6, 127.5, 78.0, 77.49,
77.48, 73.3 (2C), 71.6, 71.3 (2C), 70.6, 70.2 (2C), 65.594, 65.587, 30.0, 29.6, 29.50,
29.48, 29.3, 29.24, 29.214, 29.207, 28.95, 28.94, 28.40, 28.38, 28.0, 26.09, 26.07, 19.14,
19.12; HRMS (ESI) m/z calculated for C;cHs¢NaOs [M+Na]+, 559.4122; found:
559.4130.

OBn

0 ()e
0 //
6 Z
11
Macrocycle (11): Following the general procedure B described above, macrocycle 11
was isolated as a colorless semi-solid (55 mg, 45%). The NMR data are in agreement
with that obtained in the literature.’

7/ - N\
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Macrocycle (12): Following the general procedure B described above, macrocycle 13
was isolated as a colorless semi-solid as a mixture of head-to-head and head-to-tail
dimers (44 mg, 55%). 'H NMR (400 MHz, CDCl3) & = 7.40 - 7.28 (m, 10H), 4.58 - 4.51
(m, 6H), 4.37 - 4.26 (m, 6H), 3.99 - 3.88 (m, 2H), 3.81 - 3.65 (m, 4 H), 3.62 - 3.50 (m, 4
H); °C NMR (100 MHz, CDCl;, signal for both dimer reported) 8 ppm = 138.1, 128.4,
127.7, 127.6 (2C), 78.1, 77.6, 77.20, 77.16, 75.96, 75.91, 75.86, 75.8, 75.4, 75.3, 75.1,
73.5,70.9, 70.8, 70.74, 70.72, 70.6, 70.4, 70.34, 70.32, 70.25, 70.24, 70.21, 69.73, 69.72,
69.51, 69.45, 59.24, 59.18, 59.15, 59.09, 58.96, 58.85, 58.82. All attempts to
characterize macrocycle 12 by ESI-Ms failed. As such macrocycle 12 (44 mg) was
completely hydrogenated (THF (5 mL), Pd/C (10 %w/w, 4.4 mg), H, (1 atm), 3h, rt) to
afford a single compound as a colorless oil. HRMS (ESI) m/z calculated for C,sH3sNaOg
[M+Na]" 371.2404; found: 371.2410.

7 Bhattacharya, S.; Ghosh, S.; Easwaran, K. R. K. J. Org. Chem. 1998, 63, 9232.
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SYNTHESIS OF PHOSPHOLIPID 14
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(1,4-dioxacyclohexadecan-2-yl)methanol (S16): A stirring solution of macrocycle 8
(150 mg, 0.44 mmol) in THF (5 mL) at room temperature was degassed with N, for 5
minutes. Pd/C (15 mg, 10 %w/w) was added and hydrogen was bubbled through the
mixture for 5 minutes. The reaction was then stirred at room temperature for 3-4h under
an H, atmosphere (or until complete by TLC). Nitrogen was bubbled again through the
reaction mixture for 5 minutes and the crude mixture was then filtered on Celite® and
washed with THF (3x). The filtrate was concentrated in vaccuo and purified by column
chromatography (50% EtOAc/Hexanes—100% EtOAc) to afford the hydrogenated
product S16 as a colorless oil (60 mg, 52 %). '"H NMR (400 MHz, CDCl3) & = 3.84 - 3.40
(m, 9H), 2.12 (dd, J = 6.6, 5.1 Hz, 1H), 1.72 - 1.21 (m, 20H). *C NMR (100 MHz,
CDCls) 6 ppm = 78.7, 71.9, 71.0, 69.8, 62.4, 29.2, 29.0, 26.93, 26.88, 26.75, 26.72,
25.67, 25.66, 24.63, 24.55; HRMS (ESI) m/z calculated for C;sH3;oNaO; [M+Na]+,
281.2087; found: 281.2095.
®
Wy

\Y Me/

1 R o
O O/ \O
\_/ o
o Et3N, PhH, rt, 2 h
—> O

2.
I:;N—Me

MeCN, -78°C to 70°C, 24 h
XX % 14

.00

(SN

S16

(1,4-dioxacyclohexadecan-2-yl)methyl-2-(1-methylpyrrolidinium-1-yl)ethyl

phosphate (14): To a solution of (1,4-dioxacyclohexadecan-2-yl)methanol (25 mg, 0.1
mmol) in anhydrous benzene (1 mL) was added triethylamine (0.02 mL, 0.14 mmol). The
solution was cooled to 0 °C and 2-chloro-1,3,2-dioxaphospholane-2-oxide (0.011 mL,
0.12 mmol) was added. The resulting mixture was stirred at 0 °C for 5 min, warmed to
room temperature and stirred another 2 h. The crystalline EtzNHCI was removed by
filtration and the filtrate was concentrated to afford a crude pale yellow oil. The crude oil
was placed in a sealed tube, redissolved in anhydrous acetonitrile (2.4 mL) and cooled to
-78°C. N-Methylpyrrolidine (0.32 mL) was added in one portion. The tube was then
sealed and warmed to 70 °C for 24h. The reaction mixture was then concentrated in
vaccuo until the excess N-Methylpyrrolidine was completely removed. Lipid 14 was
obtained as a pale brown semi-solid in 58% yield. '"H NMR (400 MHz, CDCl;) & = 4.53 -
4.06 (m, 9H), 3.83 - 3.49 (m, 12H), 3.17 - 3.13 (m, 2H), 1.55 - 1.26 (m, 22H). *C NMR
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(125 MHz, CDCl3) 6 ppm = 78.7, 77.2, 71.8 (2C), 71.03, 70.99 (2C), 70.3, 69.8, 62.3,
30.3, 29.7, 29.2, 29.0, 26.93, 26.89, 26.75, 26.73, 26.69, 25.67, 24.63, 24.55; >'P NMR
(162 MHz, CDCl;3) 6 ppm = 3.31. HRMS (ESI) m/z calculated for CH4sNNaO¢P
[M+Na]", 472.2799; found: 472.2799.



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2013

SPECTRAL DATA



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2013

412
411
410
4.08
4.08
236
233
231
222
21
%6
35
75
5
72
k]
ki)
63
6
52

£
:

| e JL8)

400 396308 167 5.40408
— e
B B B L I L B b I ARAA s s L o A L M ABaassascrsasss
a5 a0 85 8.0 75 70 85 8.0 55 50 45 40 35 30 25 20 15 10
Chemical Shitt (pprm)
o
3 . o o T T
e 5 5 " 5 288 B8
i @ P 2 Rom o=
= & s 8 8 gy ¢
[ [ |
|
T
LR A LS LS LA RS L Ay SRR ALY AR LAY AN RS NARMLAALAS AR ) MARAALA AR e B e R s R o A AR N
192 184 176 168 160 152 144 136 128 120 112 104 36 il 80 72 G4 56 48 40 32 24

Chemical Shift (pam)



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2013

JI
0" 4

sno__L_o,  Z
4

733
736
T35
735
T34
733
3
T30
4.56
363
361
358
357
356
353
352
347
345
224
223
222
b
a5
as
a5
BE
67
BE
64
62
Bl
54

|
|
|
|
|

529 200 428 183 947
— o [ S Ty
AARRRAARAN nERAS RARSY) T T T T AARRRAARSN nERA AR T T e LAARA RaaAS]
EM a0 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 10 0s i
Chemical Shift (ppm)
o ao
o el mw wonoooo o
e e 98 BBEITRE 532 =
k] ik i3 moocoSmm T -
b o % RREES3E L -
[ Y bed ]
[ ¥ [
|
|
" [ S TP O VO SOT o W SN VT L W R N NN (N Sur T Ay gy T U Y VIEYPY T INT SOORPUREY| W PP PN
152 13 128 120 112 104 6 88 a0 72 64 55 45 40 32 24 16 8 0

Chemical Shift (apm)



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2013

A

9
Bno__L_ o
9

A

- X R @ e R R ] coooowITnEENEREd
AARAAAEN @ ERAHARER T STEECAGERARRRAT
A AR - R R R R R R R R oSS ek ek kL

500 180 6868220 417 180 8562235

= = —d = 4 ]
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
as a0 85 80 75 70 65 60 55 50 15 an 35 30 235 20 15 10

Chemical Shift (ppm)

= 53 o ocoowaw WO To ©
T ug 2 BERELST SESAIEIL B
£ 8n  BREERAZ EEREEERE- R
& 8n F EBRneERE SEARRERE ©
= LS [

\

!

‘
182 184 176 168 160 152 144 136 128 120 112 104 86 88 a0 72 64 56 48 40 32 24

Chemical Shift (porm)



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2013

J

)

BnO\)\/O\M///
11

|
)

11

wrogon @ —oomoooTo cComAnrbTTLonD-oBo
BESARE 3 5B8BERYITY SE2EECUFELENRRER
A E R Y] PPN il el
L i [y i Ay VI TN I B P
|
368120 200 §.401.93 407 174 BisI0T2
uu u i u o e
T T T IAARRRARRSA nasAS LAY T T T Trrr e T T T T
a5 a0 65 80 75 70 65 60 55 50 45 40 s 30 25 20 15 10 05
Chermical Shift (ppm)
o P
- L] © ocmmcomoo DEoRo TR
= i = 2 S8BrBR8 8ZRE3TEE R
8 Bhk 5 moeoSoom Srnronoo o
i g 3 ERERREES sgazasag e
[~ | L bk B |
| |
1
s e i ) S s i N At weiiinany i ias A LR B i e it s s
192 184 176 188 160 152 144 135 128 120 M2 104 L 88 a0 72 64 56 48 a0 7] 2 18

Chemical Shift (porm)



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2013

f
0
sno_L_o _Z

wrnm sEEk O eCRINCERNNE S agwr
BEBRE ROER BRNCSRINEEBEEEE 798y
snnn oodn g g g R R S
[ [ G O [N
¥
]
,
|
|
N
AL
38211 200 204210103 417 183
d o H Hdd -J =
R R A A e B e B L R it e e A BonseTaas e e s waaas A SASAAS Bt
95 9.0 85 80 75 7o BS B.0 55 a0 45 4.0 35 30 25 20 15 1.0 0s
Chemical Shitt (ppm)
- g o
S B2 soyoporNE oo
" el NS o 28
5 R Soasengg  =n
o a3 gEeEToge 8h
I AR
|
|
|
|
”m“ - | -]
AL e e T T s B e e e e et
182 1684 176 168 160 152 144 136 128 120 "2 104 a6 a8 a0 72 64 56 48 40 32 24 16 8

Chemical Shift (ppm)



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2013

OBn

6

£ N%

e
a5'g
25
ag'e
29
e
(75>
e
rLE
508
298
e

1y —

LEL
8z
BCL
0g 2

TELF
rEL
a8
9g4
28y

202
=
T

6481

= = e——
T

1

214 205

200
o

1
1
JL
558
=

Chemical Shift (ppm)

sl
Y
s

wrezd
o
a0z uw
B

azaq
0989
4629
)

58~
b
sree

2024
[Er s M-

LE mnu%
(072

LELTL
ST
STRTL—

0LeeL—

Chemical Shift (pom)



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2013

o
b
400
=
B L R AL A A ) LRARNARAARS Rusas]
as a0 25 50 75 70 65 60 55 50 45 40 35 30 05 i
Chemical Shift (porm)
0
bl @ oo . amo o
o ] a8 o 488 2
i @ P . mws ®
© [ 83 # -
1 VA
|
|
|
|
R L R Adatasiaaasiatassy wasiaats uate sy
192 184 176 168 180 152 144 138 128 120 112 104 9% 88 a0 72 &4 £ 5 a0 32 24 18 - i

Chemical Shift (porm)



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2013

5z L
i Lﬁ
v )

g P

£5 L=
a5 (H“
251

5 wl/.

LT

-4 wlﬁ

SFE
AFE
=g
£5°E
55E
95
A5E
25°E
E9E

95k —

aTl
BT
el
L

e nu.\.
S22

o
=
o
s}

500
=

Chemical Shitt (ppim)

areglL

40098
B0aZ
= a4
s¢eg
£207

E£0°6T
BE 6T
Sr6T
9267

268
600
nens
0508
SFLL
£5 KHY
£L mnlﬁ

oz il—
—m.hh\\.

1571
2507 ﬁur
[£5=74 T\‘

AEBEL—

Chemical Shift (porm)



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2013

LT
0e _.”#u
LF _.HW

BF 1

=02
£5°1
851
1571
B

ST
LT NW
BTT

SFE
aF'e
=g 3
£9°E:
S5
95
B5E
BS'E
[5:3%

95—

874
BT nw
222
FEL
SE \.Uﬁ

J

4862433
S —]

925
[E—

2.00
=]

480
[

Chemical Shift (porm)

ﬁ—m—H

2092
BO9C
98 LT
oFeg

SEBE—Z

ATRE
BF 6T
0562
28T

6559
LZns
asns
[Lg ¥
L5 1L

PEEL-L
0TiL
[ nnw
A6 44

Wasl—

Chemical Shift (pom)



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2013

BnO
OBn
\\\ti;_;ﬁy//
— —
EANEERA B E ERERERREAREES S
BEEANERERR B sRELERREARELR Y
S daady Gl e g
[E N A A T
|
|
‘
) " .
10.00 448124 558 157 486375
= H d = =
P T P s e L MMt S Raaa i T e
a5 9.0 85 80 75 70 BS B0 55 s0 45 4.0 35 30 25 20 15 1.0 0s
Chemical Shift (ppm)
-
2 553 EEERCEETEESC 08
2 5EE IEeERTFNIRERTLY S
8  BhE PhrpRcoomasanEaE
8 HEE ERREECERREARRRGE
N B

104 96 83 an 72 B4

112
Cheical Shitt (pam)



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2013

CrMOomE oL oD T mmOOnoo o
Fho@hEane s TUC RRREGRESSAER
R R R R NEN e e e e

[ik=i) 2057
LD B I L 0 M 0 s IS A S AN M RO A AR AARRE AR naaA A L R A A LR
R a0 85 80 TE 70 B3 B0 55 50 45 40 35 30 25 20 15 10 0s
Chemical Shift (ppm)

- s sonwEoR

5 HHE 5 RERE R

s com & R g e

2 ERa o AEEEHIE

[ R N )

, |

iah it sy uats T B e e L s e e N A e aas st by et
104 96 88 80 72 B4 56 48 40 32 24 18 8

Chemical Shift (porm)



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2013

N

SERERTY 52888
Al TS g7

500 274 ol
e R e e L ERREBS
k 8! an 75 | 6 60 55 S0 45 40 L 30 25 20 1! 10 (1]
Chemical Shilt (ppen)
GRABHEE & RERRBRGERS
EEERERE B ARRBREL AL
S e

104 %6 o
Chesical SHit (por)




Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2013

33

LAAA LARRD L) LAARS L) LAARS LA LALAD Laka) LAAR LASk) WARAS L) LR LAl LAMRD LA LARAS LAk) LAAMD LA LLAAD LA AR LAY CARMS LA LA L) R L) i T
180 180 170 160 150 140 130 120 110 100 80 80 70 B0 50 a0 30 20 10 o 40 20 30 40 50 B0 70 B0 80 100

Chemical Shift (ppm)



