Reliably Regioselective Dialkyl Ether Cleavage with Mixed Boron Trihalides

Bren Jordan P. Atienza, Nam Truong and Florence J. Williams

Department of Chemistry, University of Alberta, AB, Canada

IO o T=T o 14T 0] | ST 2
1.1 General INTOrMALION ......cuueereeeeeeseseeessess s sesssesssesssess st ss s ss bbbt s s ess s sesens 2
2. Synthesis of starting materials and ProQUCTS.........oce e reesrees s sssesssesssesans 3
2.1 General procedures for the synthesis of ethers.......rernenscseesress s 3
2.2 General Procedure for the synthesis of alCONOIS: ... 8
2.3 Titration of diethyl ether With BCI3:......eeeeeseeenneeseeesseeeseessesssessssesssessssssssssanas 11
2.4 Titration of diethyl ether With BBI3: .......cenenenessssssssssssessssssssssssssssssssssssssssssnes 12
2.5 Titration of diethyl ether With BCIa/BBI3:......ccueeeneereessemsseesssessesssesssesssesssessssssssssees 13
2.6 Evaluation of Temperature Effects on Reaction Rate........cccovrnevrnenesnnenessnsenennns 14
2.7 Degredation of Additives under Reaction Conditions.......curereereereeseeresresresnennes 16
2.8 Example of Scaled Up Ether Cleavage Reaction .........umennnseninsessessssessenneens 17
3. RO EIEINICES ..ttt 17



1. Experimental

1.1 General Information

Reactions were carried out in oven-dried (> 130 °C) or flame-dried glassware under a
positive nitrogen atmosphere, unless otherwise stated. Transfer of anhydrous reagents was
accomplished with oven-dried syringes or cannulae. Dichloromethane (DCM), toluene
(PhMe), and tetrahydrofuran (THF) were passed through a column of activated molecular
sieves (4A, LC technologies). Benzene (CéHs) was vacuum-distilled (twice) and stored
under nitrogen over oven-dried (> 200 °C) molecular sieves (3A or 4A). Deuterated
dichloromethane (d>-DCM) and deuterated chloroform (CDCls) were stored in a container
with oven-dried (> 200 °C) molecular sieves (3A or 4A). Thin layer chromatography was
performed on glass plates pre-coated with 0.25 mm silica gel with a fluorescent indicator
UV2s4 (EMD Millipore). Flash chromatography columns were packed with 230-400 mesh
silica gel (Silacycle). All reagents were purchased from commercial suppliers: Sigma
Aldrich, AK Scientific, and Acros, at purity greater than (95%), unless otherwise specified.
Proton nuclear magnetic resonance spectra (*H NMR) were recorded at 400 or 500 MHz,
and coupling constants (J) are reported in Hertz (Hz). Carbon nuclear magnetic resonance
spectra (**C NMR) were recorded at 100 or 125 MHz. Proton decoupled boron nuclear
magnetic resonance spectra (*:B{*H} NMR) were recorded at 160 MHz, usually using a
quartz NMR tube to avoid background signals (vide infra). The chemical shifts were
reported on the § scale (ppm) and referenced to the residual protonated solvent (*H) or to
the deuterated solvent (*3C) peaks: CDCIs (7.26 ppm, *H; 77.06 ppm, 13C), and CD,Cl;
(5.32 ppm, *H; 53.5 ppm, 3C). s = singlet, d = doublet, t = triplet, dt = double of triplets,

m = multiplet. Unless otherwise stated, Boron (!B NMR) nuclear magnetic resonance



spectra were recorded without any chemical shift adjustment. In cases where the NMR tube
used in the measurement of !B NMR nuclear magnetic resonance spectra was not made of
quartz, spectral adjustment (backward linear prediction) was done to subtract the
contribution of borosilicates from the measurements. For chromatography conditions, EA

refers to ethyl acetate and Hex refers to hexanes.

2. Synthesis of starting materials and products

2.1 General procedures for the synthesis of ethers

Allyl ether syntheses:

Under an atmosphere of nitrogen at room temperature, the starting alcohol (1.0 g, 1.0
equiv.) was dissolved in 20 mL dry THF in a 1-necked, flame-dried, round bottomed flask.
To this solution sodium hydride (2.0 equiv.) was added and allowed to stir for 30 minutes
at room temperature. Allyl bromide (2.0 equiv.) was added and the reaction mixture was
stirred at room temperature for 10 minutes before heating to reflux overnight. After cooling
to room temperature, 30 mL of water was added to quench the reaction. After the addition
of diethyl ether (30 mL), the organic layer was separated and washed with water (3x30
mL), dried over MgSQy, filtered, and concentrated in vacuo. The residue was purified by

flash column chromatography (1-5% EA in Hex) on silica gel to afford the desired product.

Benzyl ether syntheses:
Under an atmosphere of nitrogen at room temperature, the starting alcohol (1.0 g, 1.0
equiv.) was dissolved in 20 mL dry THF in a 1-necked, flame-dried, round bottomed flask.

To this solution sodium hydride (2.0 equiv.) was added and allowed to stir for 30 minutes



at room temperature. Benzyl bromide (1.2 equiv.) was added and the reaction mixture was
stirred at room temperature for 10 minutes before heating to reflux overnight. After cooling
to room temperature, 30 mL water was added to quench the reaction. After the addition of
diethyl ether (30 mL), the organic layer was separated and washed with water (3x30 mL),
dried over MgSOsu, filtered, and concentrated in vacuo. The residue was purified by flash

column chromatography (1-5% EA in Hex) on silica gel to afford the desired product.

Propargyl ether syntheses:

Under an atmosphere of nitrogen at room temperature, the starting alcohol (1.0 g, 1.0
equiv.) was dissolved in 20 mL dry THF in a 1-necked, flame-dried, round bottomed flask.
To this solution sodium hydride (1.5 equiv.) was added and allowed to stir for 30 minutes
at room temperature. Benzyl bromide (1.2 equiv.) was added and the reaction mixture was
stirred at room temperature for 10 minutes before heating to reflux overnight. After cooling
to room temperature, 30 mL water was added to quench the reaction. After the addition of
diethyl ether (30 mL), the organic layer was separated and washed with water (3x30 mL),
dried over MgSOsu, filtered, and concentrated in vacuo. The residue was purified by flash

column chromatography (1-5% EA in Hex) on silica gel to afford the desired product.

t-Butyl ether syntheses:

t-Butyl ether was synthesized following the McClure procedure.!*]



Characterization of Ethers

1-(2-(allyloxy)ethyl)naphthalene (1)

99

1.12 g (86%) of product was isolated following the general procedure. Spectral data were

O/\/

in agreement with those previously reported.[?

1-(allyloxy)heptane (9)

NN NF

0.67 g (49%) of product was isolated following the general procedure. *H NMR (400 MHz,
CDCls) § 5.97-5.87 (m, 1H), 5.29-5.24 (m, 1H), 5.18-5.14 (m, 1H), 3.96 (dt, J = 5.6, 1.4
Hz, 2H), 3.42 (t, J = 6.7 Hz, 2H), 1.62-1.55 (m, 2H), 1.36-1.28 (m, 8H), 0.88 (t, J = 7.0
Hz, 3H). 3C NMR (125 MHz, CDCl3) § 135.2, 116.7, 71.8, 70.6, 31.9, 29.8, 29.2, 26.2,
22.6, 14.1. HRMS (EI) m/z: [M—H] Calcd for C1oH190 155.1436; Found 155.1435.
1-(allyloxy)-8-bromooctane (10)

BN NN NN NF

0.26 g (43%) of product was isolated following the general procedure. *H NMR (400 MHz,
CDCl3) § 5.95-5.88 (m, 1H), 5.28-5.24 (m, 1H), 5.18-5.15 (m, 1H), 3.97-3.95 (m, 2H),
3.43-3.38 (m, 4H), 1.88-1.82 (m, 2H), 1.61-1.55 (m, 2H), 1.45-1.40 (m, 2H), 1.37-1.30
(m, 6H); *C NMR (125 MHz, CDCls) & 135.1, 116.7, 71.8, 70.4, 34.0, 32.8, 29.7, 29.3,
28.7, 28.1, 26.1; HRMS (EIl) m/z: [M—CzHs] Calcd for CoH160Br 219.0384; Found

219.0384.



((allyloxy)methyl)cyclohexane (11)

O/\OM

0.78 g (58%) of product was isolated following the general procedure. *H NMR (400 MHz,
CDCl3) § 5.96-5.86 (m, 1H), 5.29-5.23 (m, 1H), 5.17-5.14 (m, 1H), 3.95 (dt, J = 5.6, 1.4
Hz, 2H) 3.23 (d, J = 6.4 Hz, 2H), 1.78-1.53 (m, 6H), 1.30—1.10 (m, 3H), 0.98-0.88 (m,
2H); 3C NMR (125 MHz, CDCl3) § 135.3, 116.5, 76.4, 72.0, 38.2, 30.2, 26.7, 25.9; HRMS
(EI) m/z: [M—H] Calcd for C1oH170 153.1279; Found 153.1280.
1-(2-(allyloxy)ethyl)-2-bromobenzene (12)
@\/O\/\

Br
0.61 g (51%) of product was isolated following the general procedure. Spectral data were
in agreement with those previously reported.?!

2-(allyloxy)-2,3-dihydro-1H-indene (13)

o

1.19 g (91%) of product was isolated following the general procedure. Spectral data were
in agreement with those previously reported.

(allyloxy)cyclododecane (14)

O

1.12 g (91%) of product was isolated following the general procedure. Spectral data were

in agreement with those previously reported.r!



2-(allyloxy)adamantane (15)

gow

1.12 g (88%) of product was isolated following the general procedure. Spectral data were
in agreement with those previously reported.(®!

(1S,2R4R)-2-(allyloxy)-1-isopropyl-4-methylcyclohexane (16)

(55\0/\/
PN

1.17 g (92%) of product was isolated following the general procedure. Spectral data were
in agreement with those previously reported.[”]

(1S,2S,4R)-2-(allyloxy)-1,7,7-trimethylbicyclo[2.2.1]heptane (17)

O\/\
0.67 g (53%) was isolated following the general procedure. Spectral data were in
agreement with those previously reported.’]

(2-(allyloxy)propyl)benzene (6)

A
Ph\/l\

1.25 g (65%) of product was isolated following the general procedure. Spectral data were

in agreement with those previously reported.]



1-(2-(prop-2-yn-1-yloxy)ethyl)naphthalene (7)

o/\\\
99

0.92 g (75%) of product was isolated following the general procedure. Spectral data were
in agreement with those previously reported.(!

1-(2-(benzyloxy)ethyl)naphthalene (8)

-

1.41 g (93%) of product was isolated following the general procedure. Spectral data were

in agreement with those previously reported.™*%

2.2 General Procedure for the synthesis of alcohols:

A solution of BClz (100 pL, 1.0 M in CH2Cl, 0.10 mmol) was mixed with BBr3 (100 pL,
1.0 M in CH2Clz, 0.10 mmol) in an NMR tube containing 0.2 mL of CD.Cl, or CDCls.
After 5 minutes, with occasional stirring using a vortex mixer (1 min, 2-3x), the solution
was placed in a —78 °C cooling bath, and the desired ether (0.4 mmol, 2 equiv. relative to
the total boron halides, dissolved in 0.2 mL of CH2Cl,) was added dropwise over 5 min.
The solution was maintained at —78 °C and allowed to reach 10-20 °C overnight (vide
infra). After completion, the reaction was quenched and washed with water (3x10 mL),
dried over MgSOs, filtered, and concentrated in vacuo. The residue was purified by flash

column chromatography (5-20% EA in Hex) on silica gel to afford the desired product.



Characterization of Alcohols

1-naphthaleneethanol [SI1 1]

X o

62 mg (90%) of alcohol was isolated following the general procedure. Spectral data were
in agreement with those previously reported.*l
3-phenyl-2-propanol [SI 2]

OH
Ph

33 mg (61%) of alcohol was isolated following the general procedure. Spectral data were
in agreement with those previously reported.*?l

1-heptanol [SI 3]

NN on

41 mg (88%) of alcohol was isolated following the general procedure. Spectral data were
in agreement with those previously reported.[**!

8-bromo-1-octanol [SI 4]
Br\/\/\/\/\OH
63 mg (87%) of alcohol was isolated following the general procedure. Spectral data were

in agreement with those previously reported.[*4l

cyclohexanemethanol [SI 5]

OAOH

40 mg (87%) of alcohol was isolated following the general procedure. Spectral data were

in agreement with those previously reported.[*’!



2-(2-bromophenyl)ethanol [SI 6]

OH
Br:

69 mg (86%) of alcohol was isolated following the general procedure. Spectral data were
in agreement with those previously reported.[®!

2-indanol [SI 7]

St

39 mg (73%) of alcohol was isolated following the general procedure. Spectral data were
in agreement with those previously reported.[*]
cyclododecanol [SI 8]

OH

38 mg (61%) of alcohol was isolated following the general procedure. Spectral data were
in agreement with those previously reported.[8l

2-adamantanol [SI 9]

i

36 mg (59%) of alcohol was isolated following the general procedure. Spectral data were

in agreement with those previously reported.[*%
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menthol [SI 10]

OH

36 mg (57%) of alcohol was isolated following the general procedure. Spectral data were
in agreement with those previously reported.?%

borneol [SI 11]

OH
44 mg (72%) of alcohol was isolated following the general procedure. Borneol is
commercially available, and the spectral data match the authentic sample from the

commercial supplier.

2.3 Titration of diethyl ether with BCls:

Preparation of control solutions for in-situ intermediate comparison
BCls in CD2Cly:

A solution of BClz (100 pL, 1.0 M CH2Cl>, 0.10 mmol) was added to 0.4 mL CD.Cl. The
solution was vortexed for 1 min at room temperature, and the !B NMR spectrum was
acquired for BCls: B-NMR (128 MHz, CD:Cl,) & 47.7. The spectral data was in
agreement with that previously reported./?

Titration of BCl3z with Et20, formation (Et2O)BCIs coordination complex:

A solution of BCI3 (100 uL, 1.0 M CH2Cl>, 0.10 mmol) was added to 0.4 mL CD2Cl,. The
solution was vortexed for 1 min at room temperature, and EtoO (0.1 mmol) was added to

the reaction mixture and again vortexed for 1 min at room temperature.

11



(Et;0)BCl3: *H NMR (400 MHz, CD,Cly) & 3.70 (brs, 4H), 1.25 (brs, 6H); 1*C NMR (125
MHz, CDCI3) § 54.2, 15.1; 1*B NMR (160 MHz, CD2Cl>) & 10.8.[11 This complex is stable
at—78to 70 °C. No substantial decomposition of the complex was observed at 70 °C, unless

the reaction was heated to reflux in PhMe (110 °C).

2.4 Titration of diethyl ether with BBrs3:

Preparation of control solutions for in-situ intermediate comparison
BBrs; in CD.Cly:

A solution of BBrs3 (100 uL, 1.0 M CH2Cl», 0.10 mmol) was added to 0.4 mL CD.Cl,. The
solution was vortexed for 1 min at room temperature, and the 'B-NMR spectrum was
acquired for BBrs: !B NMR (128 MHz, CD:Cl,) & 40.0. The spectral data was in
agreement with that previously reported.?!

Titration of BBrs with Et2O, formation (Et2O)BBr3 coordination complex:

A solution of BBrs3 (100 pL, 1.0 M CH2Cl>, 0.10 mmol) was added to 0.4 mL CD.Cl,. The
solution was vortexed for 1 min at room temperature, the solution temperature was cooled
to —78°C and Et.0O (0.1 mmol) was added dropwise, the ether was allowed to diffuse in the
solution for ca. 10 min. The spectra of the complex was obtained within 5 mins at room
temperature. (Etz0)BBra: *H NMR (400 MHz, CD,Cl) § 3.70 (brs, 4H), 1.25 (brs, 6H);
13C NMR (125 MHz, CDCl3) § 54.2, 15.1; 1B NMR (160 MHz, CD:Cl,) & -6.1.

The Et,OBBr3 complex decomposed rapidly at room temperature within 2 hours to furnish
EtOBBr2: 1B NMR (160 MHz, CD,Cl;) § 25.9. Addition of second molar equivalent of
Et,O to EtOBBr furnished a new complex, assigned as (Et.0)B(OEt)Br2: 1B NMR (160
MHz, CD.Cl;) & -6.0. The (Et2O)B(OEt)Br, complex decomposed rapidly at room
temperature within 1 hour to furnish two new boron peaks assigned as (EtO).BBr: 'B

NMR (160 MHz, CD:Cly) & 22.3.

12



Discussion:

Based on these results, it is clear that the BCls is reticent to react productively with dialkyl
ethers and that BBrs is prone to decomposition, presumably to generate B»Os, in addition
to the expected (EtO).BBr adduct, indicating the instability of this type of intermediate.
These observations account for a reduced yield of recovered alcohol when the cleavage of
dialkyl ethers (vide supra) was done in the presence of BBrz alone. Despite low recovery

of alcohol products, a substantial amount of alkyl bromide could be isolated.

2.5 Titration of diethyl ether with BCIs/BBr3:

BCls/BBr3 in CD2Cly:

A solution of BCl3 (100 uL, 1.0 M CH2Cl>, 0.1 mmol, 0.25 equiv.), and BBr3 (100 uL, 1.0
M CH2Clz, 0.10 mmol, 0.25 equiv.) was added to 0.4 mL CD2Cl,. The solution was
vortexed for 1 min at room temperature, and analyzed by !B NMR: !B NMR (128 MHz,
CD.Cl,) & 46.6.1211 (BCls, integration: 0.6), 45.0 (integration: 1.9), 42.4 (integration: 2.2),
39.0 (BBr3 integration: 1.0).[21 We have assigned the peak at 45.0 as BCI,Br, and the peak
at 42.4 as BCIBr, based on literature trends.[?!]

The resulting solution was then cooled to —78 °C, followed by addition of Et,O (21 uL, 0.2
mmol, 0.5 equiv.) to afford four ether complexes: !B NMR (128 MHz, CD2Cl,) § 10.0
[(Et.0)BCl3],?Y1 5.5 [(Et,0)BCI2Br], -0.1 [[(Et.0)BCIBr], -6.4 [(Et20)BBrs3]. The relative
ratio of these ether complexes was in good agreement with the ratio of the starting Lewis
acids. These complexes decomposed within 8 hours upon warming to room temperature,
affording three new boron peaks. These peaks were assigned as follows: !B NMR (128

MHz, CD,Cl,)  30.8 [B(OEt)Cl,],?Y! 28.9 [B(OEt)BrCl], and 25.9 [B(OEt)Bry].

13



The solution containing these three boron intermediates was then cooled to —78 °C, and a
second addition of Et,O (21 uL, 0.2 mmol, 0.5 equiv.) was added to afford three ether
complexes. These decomposed upon warming at room temperature to 4 boron peaks
assigned as: !B NMR (128 MHz, CD:Cl.) § 30.6 [B(OEt)Cl,], 23.0 [B(OEt).CI],1?" 19.0
[B(OEt)3], and 10.8 [(OEt2)B(OEt)Cl2]. There was also some indication of very minor
amounts of [B(OEt).Br] which were nearly undetectable. Therefore, we assign the final

ratio of [B(OEt).Cl] and [B(OEt)2Br] to be > 10:1.

2.6 Evaluation of Temperature Effects on Reaction Rate

Effect of Temperature on Conversion to Alcohol

100
90
30 75
70
60
50
40
30
20
10

89 96

28

Yield (by NMR)

-78 -50 -30 -10 10
Temperature (Celsius)

Procedure:

A solution of BCl3 (100 pL, 1.0 M in CH2Cl2, 0.10 mmol, 0.33 equiv) was mixed with
BBrz (100 pL, 1.0 M in CH2Cl2, 0.10 mmol, 0.33 equiv) in an NMR tube containing 0.2
mL of CD2Cl, or CDCls. After 5 minutes, with occasional stirring using a vortex mixer (1
min, 2-3x), the solution was placed in a —78 °C cooling bath. Mesitylene (42 uL, 0.30
mmol, 1.0 equiv) was added dropwise followed by SI11 (64 mg, 0.30 mmol, 1.0 equiv,

dissolved in 0.2 mL CH2Cly). The solution was maintained at —78 °C for one hour, then

14



removed from the bath and placed in a cooling bath of designated temperature (see table).
After one hour, the reaction was analyzed by !B NMR, *H NMR, and *C NMR to
determine the extent of additive degradation by integrating relative to mesitylene.
Discussion:

It is likely that different substrates react at different rates. When using diethyl ether, for
example, the reaction must be at room temperature for a full two hours longer than the
normal 16 hour warming in order to allow the reaction to complete. For no other substrate
examined did we see this sluggishness. Additionally, we would like to note that during our
analysis of temperature vs. conversion to alcohol, we observed no obvious point of

exotherm in these reactions.

15



2.7 Degredation of Additives under Reaction Conditions

Method C
Additive (1 equiv)

~ O > <~ OH
-78 °C 1h, thenrt 1 hr
then aq wkp
entry additive % additive degredation
remaining product
O
1 94 ND
)LO/\

2 O 84 ND

3 ( AN quant ND

4 N=—CHj,; quant ND

0]
5 >|\O)L ANF <5 allylamine

Reactions were performed at 0.6 M in a mixture of CH,Cl,/CDCl; ?Yields
were determined by NMR with mesitylene internal standard. quant =
quantitative conversion. ND = not determined

Procedure:

Under an atmosphere of nitrogen at room temperature, a solution of BClz (100 uL, 1.0 M
in CH2Clz, 0.10 mmol, 0.33 equiv) was mixed with BBrsz (100 puL, 1.0 M in CH2Cl», 0.10
mmol, 0.33 equiv) in an NMR tube containing 0.2 mL of CD2Cl, or CDCls. After 5 minutes,
with occasional stirring using a vortex mixer (1 min, 2-3x), the solution was placed in a —
78 °C cooling bath. Mesitylene (42 pL, 0.30 mmol, 1.0 equiv) and the additive (0.30 mmol,
1.0 equiv) was added dropwise followed by the diethyl ether (31 uL, 0.30 mmol, 1.0 equiv).
The solution was maintained at —78 °C for one hour, then removed from the bath allowed

to reach room temperature. After one hour, the reaction was analyzed by !B NMR, H

16



NMR, and *3C NMR to determine the extent of additive degradation by integrating relative

to mesitylene.

2.8 Example of Scaled Up Ether Cleavage Reaction

A solution of BClz (400 pL, 1.0 M in CH2Cl2, 0.40 mmol, 0.33 equiv) was mixed with
BBr3 (400 puL, 1.0 M in CH2Cl>, 0.40 mmol, 0.33 equiv) ina 25 mL, 1-necked, flame-dried,
round bottomed flask containing 0.8 mL of CH2Cl,. After 5 minutes stirring using a stir
bar, the flask was placed in a —78 °C cooling bath, and ether SI1 (1.2 mmol, 1.0 equiv),
dissolved in an additional 0.8 mL of CH2Cl., was added dropwise over 5 min to the boron
reagents. The solution was maintained at —78 °C and allowed to reach 10-20 °C overnight
(vide infra, ~16 h). After completion, the reaction was quenched and washed with water
(3x15 mL), dried over MgSOs, filtered, and concentrated in vacuo. The residue was
purified by flash column chromatography (5-20% EA in Hex) on silica gel to afford the

desired product as a white solid (0.186 g, 89%).
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Titration Experiment NMRs

1B NMR

1:1 BBr3:BCls in CD,Clo/CH,Cl,

J\

'H NMR

0.25 equiv. BBr3, 0.25 equiv. BClj,
0.5 equiv. Et,0, -78 °C
CD,ClI,/CH,Cl,
U
0.25 equiv. BBrj3,
0.25 equiv. BClj,
0.5 equiv. Et,0, =78 °C
then warmed to r.t.
over 20 hours ~a
CD,CI,/CH,CI, JM/ \t
e ———————— #L_ﬁ P—— e ”M“ S Sli—
0.25 equiv. BBr3, - 'Lf (s o
0.25 equiv. BClj,
0.5 equiv. Et,0, ) | l
-78°Ctor.t.
over 20 hours, 1 .
then 0.5 equiv.
\
)'I
__JHL J k‘\\/\‘_Jh_w_ B — - : 'M”“,L“‘”J e ——
IS L A B S 4.5 A.Fol Isjs 3.‘0 z_l o o 1_‘5 ‘ T:ﬁ_v_??_ﬁ_ﬁ
s w e w o w o ore T T pab ek .
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° :'1, ? S
1:1 BBr3:BCl3 in CD2Cly/CH2Cl»
1 T I T T T T I T T T T l T T T i I T T T T l i T T j I
50 40 30 20 10 ppm

File: /mnt/dao0; 1ie/2018.07 0d.mrd_BOB-BBr3-NMBssis-moniloring-nosther_B11 1D

20




s

Agilent Technologies

% 27y
BN

Florence Williams, BCI3BBr3w/Et20-1, -78C

128.318 MHz B11{H1} 1D in cd2cl2
temp -71.1 C -> actual temp = -78.0 C, sw400 probe

0.25 equiv. BBrs;,
0.25 equiv. BCl;,

0.5 equiv. Et,0, -78 °C

Department of Chemistry, University of Alberta
dad ore 5400, Jul 4 2018 38461.5 sy 0.1
o Senuence: s2pul 0.59 Carig 296
e o uny —
) ~ n N
o < (=] -
(=] ¢} o AxJ
- [ ]
I I I | L I T ] L B T 1
40 35 30 25 20 15 10 0 -5 ppm
T i T T i L T 1
L L)) n Lo
o~ © o ~
o © o 0
— ™ ™ —

i/ DATA_FROM_NMASERVICE

GinometBifwn




- Department of Chemistry, University of Alberta

‘e #

v”’;ﬂ

s400, Jul 42018

“

fak) - M
~x,2 Agilent Technologies
Florence Williams, BCI3BBr3w/Et20-1, -78C
399.947 MHz H1 1D in cd2ci2 (ref. to CD2CI2 @ 5.32 ppm)
temp -71.1 C -> actual temp = -78.0 C, sw400 probe

fogaga 8383395
S \\u
0.25 equiv. BBrs3,
0.25 equiv. BCl;,
0.5 equiv. Et,0, -78 °C
T I T T l T T T T I 1 T T T [ T T T T l T T T I | T T I T T [
3.0 2.5 2.0 1.5 Ppm

HAwrmrinmrdatadt

MMRSEARVICE Florence/2018.07 0454

BCIRESw F20-1

14.21

22




Department of Chemistry, University of Alberta

2;‘. . . Recorded on: s400, Jul 42018 4801.92 Doiayisy 0.1
RV A0 Agllent Tech“ologles Puise Seguence:  s2pul 0.07 ¢ Scans 16
Florence Williams, BCI3BBr3w/Et20-1, -78C
399.947 MHz H1 1D in cd2¢l2 (ref. to CD2CI2 @ 5.32 ppm)
temp -71.1 C -> actual temp = -78.0 C, sw400 probe
< < WO N 10 W N M WY n < W L W OV I~
M « N d & & 1~ 10 W T N O O O ™
n M o ~ I~ W W YW W N N 1 N T
wn lf(l‘ A R A = 4 o4 o - -+ o
0.25 equiv. BBr3;,
0.25 equiv. BCl;,
1 (6]
0.5 equiv. Et,O, -78 °C
1 A
L e e e R L L L LN AL B LA N N S A N B B BN B B B B
10 9 8 7 6 5 4 2 1 0 ppm
U !
) © 0 “
o NTOHO N
~ - - b
~ -

wrrdatal DATA FROM. NIMRSERVICE Florence/2018.07.04.54_ BCI3BB:3w_E120-1_-78C 16.13 H1 1D

23




Department of Chemistry, University of Alberta

R . . 1400, Jul 52018 Swe 5 384615 05
%5 Agilent Technologies s2pul D ;059 34.76
128.270 MHz B11{H1} 1D in cd2cl2
temp 26.5 C -> actual temp = 27.0 C, autoxdb probe
o un n
205 4
PE o
0.25 equiv. BBrs;,
0.25 equiv. BCl;,
0.5 equiv. Et,O, 78°C
then warmed to r.t.
over 20 hours
T T x T T T T I T T T T I T T | T T T ] | T T T |
50 40 30 20 10 ppm
8I 3‘ a?l
- o =
o N
24

File: /

nYaB00/home 54
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oy . . A 71 1400, Jul 52018 Swsep 4801.92 fei
5.2 Agilent Technologies  ruse seavonco: s2pui Dig 0.07 Comp

399.795 MHz H1 1D in cd2ci2 (ref. to CD2CI2 @ 5.32 ppm)
temp 26.5 C -> actual temp = 27.0 C, autoxdb probe

4 M N~ MmN e I )
- O~ 10 M o B B -
MmN N N N~ o ™M
Ao RS A M m noom

0.25 equiv. BBrs;,

0.25 equiv. BCl;,

0.5 equiv. Et,O, 78°C
then warmed to r.t.
over 20 hours

1.661
1.643

—1.625

1.459
1.367
1.349

(L

1.331
1.313
1.296

J—

\=

File: /mnt/iBGihomet B hor H-ethertRY H1 1D

L §L 1 1t 1 —
T T T T T
™~ - © <
© <« © ©
(=] ~ o - o
~ ~
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Department of Chemistry, University of Alberta

agie . . G on: 1400, Jul 52018 Swesp ¥ 3. 4801.92 4.998
~£.5 Agilent Technologies  s2pul - 007 2001
399.795 MHz H1 1D in cd2ci2 {ref. to CD2CI2 @ 5.32 ppm)
temp 26.5 C -> actual temp = 27.0 C, autoxdb probe
N W P MmN~ M 0 A M T O o MmN NN~ 60 4 M W
M O 6O N O - O\ I 0 MO H 1IN0 M A O W < N I W K¢ M o O
0N M MO O M N N N NN T 3 @M W VW W =1 M O O MO N
.r;.nm';m'v‘v'eq'v'e«;«l;m«; G ddda e d g
L By L)
0.25 equiv. BBrs;,
0.25 equiv. BCl;,
0.5 equiv. Et,0, -78
°C then warmed to r.t.
over 20 hours
T T ] T I T T T T | T T T T ' T T T T | T T T 1 | T T T T | T T T T | T T T T ‘ T T T T [ T 1 T T 1 T 1 T T I T T T
10 9 8 7 6 5 4 3 2 1 0

1.31
62
6
4
8
6
6

19 63_[
i
-T
1
1

18.26
0.
7.
0.
1.
9.

BCI-BE3-NMPRests-monitoring-noether_iH-etheriRT_H1_iD

File: /mnt/d&0G/home1 5/




Department of Chemistry, University of Alberta

39062.5

"n»:;&u’ . . mr400, Jul 25 2018 0.5
-+,2 Agilent Technologies " s2pul . 06 - 378
128.328 MHz B11{H1} 1D in cd2cl2
temp 25.9 C -> actual temp = 27.0 C, onenmr probe
~ ~ &) o~
8 8 3 2
2 N 3 S
0.25 equiv. BBrs3,
0.25 equiv. BCl;,
0.5 equiv. Et,0, -78 °C
to r.t. then 0.5 equiv.
Et,0, -78 °C to r.t.
T T | T T T ] ‘ ¥ T T T | i 7 i | g l ] T |
50 40 30 20 10 ppm
— t l —
N < o o
- o o o

File: ‘mnds0iihomet Briiwnme/nmrda 4 Jul-24-12C-add2-BB:38CI3-B11-2 B11_1D
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. 4807.69
. 0.07

Recorded on:
50

mr400, Jul 25 2018 S
s2pul

~¢% Agilent Technologies

B 5

399.979 MHz H1 1D in cd2cl2 (ref. to CD2CI2 @ 5.32 ppm)
temp 25.9 C -> actual temp = 27.0 C, onenmr probe
23 289 3¢9 @aag
o o T T W v N N N
< < MmoeEmomom A oA o o
Py NP
0.25 equiv. BBrs;,
0.25 equiv. BCl;,
0.5 equiv. Et,0, -78 °C
to r.t. then 0.5 equiv.
Et,0, -78 °C to r.t.
L A ) N Y A O N S O Bt A R B A
4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 Ppm
— " o i m S
bt 3 S « © 3 s
< < o o d&4 o
- — N <

28

File: /mnldB00homet Bifjarn: 1e/2018.07 28.mrd_Jui-24-E420-add

8GIG-HT-2 HT 1D
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mr400, Jul 25 2018

34
e s2pul

-5 Agilent Technologies

“

399.979 MHz H1 1D in cd2cI2 (ref. to CD2CI2 @ 5.32 ppm)
temp 25.9 C -> actual temp = 27.0 C, onenmr probe

ot 0 O O M in o N ™M 4 M v
hd - o r~ In M A 0 Vi T 1N M A

O O «¢ <« 9 <« W ViV N N N
[ T T MO M MM A A{d A A 4

0.25 equiv. BBrs3,

0.25 equiv. BCl;,

0.5 equiv. Et,0, -78 °C
to r.t. then 0.5 equiv.
Et,0, -78 °C to r.t.

0.63

1443_['5_
i
_[
<
1

1.44
40.40

220 18.07 28.mrd | Jul-24-E120-add Ciz-H1-2_+Ht 1D

File: imnt/c800Mhome



Department of Chemistry, University of Alberta

8 . . Recorded on:  mr400, Jul 10 2018 Sweep Width(Hz): 39062.5 Acquisiton Time(s): 0.5 Relaxation Delay(s): 0.1
- Ag'lent TeCh“[)Iog'es Pulse Sequence: s2pul Digital Res.(Hz/pt): 0.6 Hz per mm(Hz/mm): 35.07 Completed Scans 56
128.328 MHz B11{H1} 1D in cdcl3
temp 25.9 C -> actual temp = 27.0 C, onenmr probe
N~ <
Lo <
3V ©
o o
N )

0.5 equiv. BBrs3,
1 equiv. Et,0, -78 °C
tor.t.

50 40 30 20 10 0 ppm
I—'—l

File: /mnt/d600/homel15/fiwnmr/nmrdata/Nam/2018.07.10.mr4_NT-BBr3_+ Et20_+_standard-repeat B11_ 1D 30
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8 . . Recorded on:  mr400, Jul 12 2018 Sweep Width(Hz): 39062.5 Acquisiton Time(s): 0.5 Relaxation Delay(s): 0.1
- Ag'lent TeCh“[)Iog'es Pulse Sequence: s2pul Digital Res.(Hz/pt): 0.6 Hz per mm(Hz/mm): 34.25 Completed Scans 76
128.328 MHz B11{H1} 1D in cdcl3
temp 25.9 C -> actual temp = 27.0 C, onenmr probe
[32)
o
©
o
-

0.5 equiv. BCl;,
1 equiv. Et,O, -78°C
tor.t.

File: /mnt/d600/homel15/fiwnmr/nmrdata/Nam/2018.07.12.mr4_NT-bcl3_+_et20 B11 1D
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.
9

u500, Jan 62018

6009.62
PRESAT :

0.09

et . .
4.2 Agilent Technologies
Nam, NT-1-naphthaleneethanol_allyl_ether_after_column
499.797 MHz H1 1D in cdcl3 (ref. to CDCI3 @ 7.26 ppm)
temp 27.7 C -> actual temp = 27.0 C, colddual probe

S~ O N DT M W o NN O O N - DN O O O I N OO 0N~ O MO~ 0w NN N 0O Mm®
O~~~ W NN MM AN M O Y 00 M- O Y W MO 0D WYY MM AN NN O 0N O O
O © W O 0 0 W O M~ [~ 1IN N W) I N P LT F T MM NN OO N NN A A A A A A O OO0 00 0 WS M N
o oo ~ ~ -~ M~ M~ M~~~ -~ y ™~ ~ M~ 01N wn oW W ) U ) N ) W N W N W T g F MM MmN MM
/ /
{_Jf\‘:‘;} e
£ P . JJLA A J .,.M jL i i 1
T { T ] T T T H [ T T T T T | I T { T H T T | T H T T I ] T H H I T T H H [ T T T T ] T T T T I H H 3 H ' 13 T T
10 9 8 7 6 5 4 3 2 1 0
-~ ™0 AN w [@Xe)) -t ~N [}
N [+ %% NO ()] [ Xe)) o (=) (=)
[w) QO -3 N (o) - O N o~ ~N

YhometBriiwnmciomrdala/DATA FROM NMRBERVICENam/2018.012018.01.08 u5_NT-1-nap




Department of Chemistry, University of Alberta

\”;,g»“ . . Hecorded on ub00, Jan 6 2018 Sweep Wid 33783.8 Rela yish 1
e Ag]lent Te[:hn()log]es ence: s2pul Digh 0.26 Comy Scans 228
Nam, NT-1-naphthaleneethanol_allyl_ether_after_column
125.688 MHz C13{H1} 1D in cdcl3 (ref. to CDCI3 @ 77.06 ppm)
temp 27.7 C -> actual temp = 27.0 C, colddual probe
M M O~ M 0o Y W o oflm @ o n
N o0 O~ W e >N WO - njo o v 0
0 ® 0 O WO I~ O m ofo o -«
1 ¢ M N ® M~ W @M 0 ~ v = © ™
M MmN NN NN NN ~ -~ ™~ ™
e I s B B T e L ))

2.
I
\

RO A s . h " . - W . h ‘.“‘JW‘:,-.MW, . 3 . \

Lkt Lol

lllilill||lll|]lll|]I])IIIIII]I!!I‘IIII|Illlxiill]lill'llll|llIl]lll|]|iil|l||||Ilil]lIl|]l||||I|!i]|!ll|ll||||||||lIII|IlI||||II;III!

240 220 200 180 160 140 120 100 80 60 40 20 0 Ppm

File: /mnt/d60U/home18/fwnmrinmrdata/DATA_FROM NMRBSERVIC

am/Z018.01:2018.01.08.U8_NT-1n loce 1040 C13 1D 33

¢ column,




Department of Chemistry, University of Alberta

mr400, Feb 13 2018 3. 4807.69
:% AgllentTechnologles nce: s2pul L 007
399.978 MHz H1 1D in cdci3 (ref. to CDCI3 @ 7.26 ppm)
temp 25.9 C -> actual temp = 27.0 C, onenmr probe
O O <@ 00 « WO W N W M N0 0~ O WO MmN NEO WH W NMO M0 O0 N
W W N N w 0 0 0 ¥ ¥~~~ NY ST W W aIN W MNO O 0w MM O DY 00 0O
-
I j
JL.}M“ N ) ¢ o k_,k
LA N N N N M A A N I e T N Y B O B LN N M L N A L A B B B
10 9 8 7 6 5 4 3 2 1 0 ppm
n QO w Q =] - ™~
[2)) oo Lal (=] — (3] i
(=] LR - N ~N o0 [y}
File: /mni/d600/home1B/fwnmenmrdata/Nam/2018.02.18.mrd_NT-HEPTANOL ALLYL ETHER COUMN WITH TEA H1 1D 34



Department of Chemistry, University of Aiberta

",»;”.“ . . u500, Feb 13 2018 Swae : 33783.8 Acuisito 1
-3¢ Agilent Technologms . s2pul B : 026 Hz pe ;' 140.76
Nam, NT-heptanol_allyl_ether_column_with_tea
125.688 MHz C13{H1} 1D in cdcl3 (ref. to CDCI3 @ 77.06 ppm)
temp 27.7 C -> actual temp = 27.0 C, colddual probe
™ ™~ M GO O O W NMmM W o o«
[+ ™~ - N O M w MmN O W N
-t ¥ m Oof o ® 1 0 0 NN W A
9 o % Cole oo Goo 6o
[y} — ~ >~~~ I~ ™M N N N N o
o -
P L
.7 ’ " " " * ““' T " x‘ ’ . " " " S » 1“‘ " - ". | L o J el " e " ") .”' . L -y " u‘. '
T T T T T T T T [ T T T e T T [ T T [T e [T T Ty T T [ e [ A A [ P r T[T T [T T [Ty [T P TP P T P [T errTTd
240 220 200 180 160 140 120 100 80 60 40 20 0 Ppm

File: imnid800home 18 wnmdnmrdaia/DATA FROM NMASERVICENam/2018.02/2018.02.13.u5 _NT-neptanol_allyl sther column wilh tea locl 18.27 013 1D



Department of Chemistry, University of Alberta

Y

“ats’ corded on:  ibd5, Dec 14 2017 Sween Wi
(224 22N

Asguisiton
I

iz per mmitz

25 Comy

: o Agilent Techno‘ogies %e Seguence: s2pul Digital Res.{Haip

498.118 MHz H1 1D in cdcl3 (ref. to CDCI3 @ 7.26 ppm)

temp 26.9 C -> actual temp = 27.0 C, autoxdb probe
QO N N o O~ 0 W 0N NN O 1 > 9~ O LMK LW MO T N O O W AN MW T W N NG D O 0 W} 0 0 < O D VM W W N M~ N O M~ N
W oY M NO O 0 0~ ™~ Y NN Y W WY M H A OO0 M WY M AN NN ST TN NN H A A OO
N OO WO O NNNNNNMAAAAAHO OO GO0 WS ST MM O O 00N NN NS T LT MMM MMM MMM
Lol o T T T T2 SRS B Yo SO To NS BT BN o NN T TN T+ TR o Y S ST IS NS ST S O I T T T o T o T o T o T T B | [ T I e B B I G G e R G G G e G
EIW@M
-
/ H | J
i 1 R b o
LA N St N O B L B B LI S IS R R A R A LA N At A N N D ) D B B SO
10 9 8 7 5 3 2 1 0 ppm

File: /mnt/d600/home 1 Biiwnmenmrdata/Nami2017 12, 14.i3_NT-8-bromo-octanol-ally!_ether-_after_column_ it 1D

36
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R Recorded on:  u500, Dec 15 2017 Sweep ¥ -z} 33783.8 1
s - -
et Ag[!ent TEChn()'Ogles Puise Sequence: s2pul Dighal Res.(Ha/pti: 0.26
Nam, NT-8-bromooctan-allyl_ether
125.688 MHz C13{H1} 1D in cdcl3 (ref. to CDCI3 @ 77.06 ppm)
temp 27.7 C -> actual temp = 27.0 C, colddual probe
1 10 o v N 1 w N N0 N W o
™ “ = o « 10 Hoe N o Mow N
el ~ m of ® o w © ® ~ M~ o oo
0 © N o o oo R
10 @ ot ~ o~~~ Mm M N NN NN
) \\KU//
EIW .-"‘
OM
L . " . " i . o N "
R R R R N N N N R RN R NN R RN RN
240 220 200 180 160 140 120 100 80 60 40 20 0 Ppm

37

File: /mnifdB00homet Bifiwnmedamrdata/DATA _FROM NMRSERVICENam/2017 12/2017.12. 185 uB_NT-8-bromooctan-allyl_ether loc10 01.32 13 1D
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i400, Feb 6 2018

1. 4801.92

4.998

4.+ Agilent Technologies s2pul 0.07 20.01
399.794 MHz H1 1D in cdci3 (ref. to CDCI3 @ 7.26 ppm)
temp 26.5 C -> actual temp = 27.0 C, autoxdb probe
O < 0 - 0N H VNN M W NMO NN 0 NN 0 MW oY T w000 O NN N
W @ M 4 O 0 M~ W M~ WM S W W Y YD NN Y TN M 0T MNNH O OO 000w W MMM NO OO TP
N OV OO YOO N NN NN A AN N NSNS W W W 0N NN NN NNNNN YO
f T+ T o T o SO ¥ o TNV TR o TN NN Vo NN o SN Vo SN0 TN o TR Vo SR Vo TN Vo NN Vo NN Vo N 0 NN 4. MY o0 SN o0 TN 4.0 TN o0 TR o0 SN o0 SO N SRR e B TR SR S Ty B R B R B T e T T IO e T O e TR o O e R s T B TR s S = R o = i v ]
i
et Lo ]
l T 1 T l T i I 1 ] I I 1 T | T 1 T T | T T T T I T T i i ‘ T T T i | T T T T i T i | T T 1 T T l T T T T I
10 9 8 7 6 5 4 3 2 1 0 ppm
w0 ™~ O o0 o (e} < <
N =30 [=4) o L ~ o
o oo - ™~ o o0y N
File: /mntidB00home 1 B fwnmrnmrdata/Nany2018.02.06.14 NT-CYCLOHEXANE METANOL ALLYL ETHER COLUMN_ WITH 1 38
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S ,; W Recorded u500, Dec 28 2017 Swesp Wi . 33783.8 1
(3 - - " ' .
-3, Agilent Technologies @ Seg s2pul e 0.26 a8
Nam, NT-cyclohexanemethanol_allyl_ether_after_column
125.688 MHz C13{H1} 1D in cdcl3 (ref. to CDCI3 @ 77.06 ppm)
temp 27.7 C -> actual temp = 27.0 C, colddual probe
™ o~ Mmoo 0 0w oo e
w0 <t - 0 o W o 0 O o <
o~ 0 m o © M o - 0 %
11 0 0 ~ ~ 0 WV A 0w O v 10
™ — ~ o~ o~~~ ™m MmN N
(=] —
L F LU
Of"“\-.,;‘}""
, . r———— . v . W0, W RSSO . oo
RN N N N N R R N N N R N RN
240 220 200 180 160 140 120 100 80 60 40 20 0] ppm

39

oy column loet 18348 (13 1D

File: imnt/dB0G/home 154 wrmw/nmdaia/DATA FROM NMRESERVICENam/2017 12/2017.12.28 uB_NT-cycivhexangmethang
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Relaxation De

Recorded on. mr400, Mar 30 2018 i 4807.69

. M
Agilent Technologies s2pul 0.07 Com

399.978 MHz H1 1D in cdcl3 (ref. to CDCI3 @ 7.26 ppm)

temp 25.9 C -> actual temp = 27.0 C, onenmr probe
QO O N O O O N M el W N O MOO 0O WS N QO 0N SMSe 0 W N O d N O 00 NN W oo W
W F - O O 0O ™~ M~ D M - OO I~ I~ W 0 9 0 0 NN o O O 6 0 O O O W Wi O~ N NN o w O O 00 0 -~ W o~ 1) 1
v 1N M M N N NN N NN N d 3 OO0 O O 6 vy OO O O O O OOy Oy v @0 00 M M M N N N N H O O O O o O F I\ &D \D \0 kO O O O o
P N S Y T T S T N N N A N N I R R R I

g

Oﬁ
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) N OV G W =
T T T T l 1 I T T t T T 1 T I T [} T T I T T T T | T H ¥ T i T li T T l T T 1 T I ¥ i T T l 13 T T T ] T ¥ T H ] H T T
10 9 8 7 6 5 4 3 2 1 0]
Eaie e = bt bt b h—
& 35 - as S & 3
o N -3 o Or—! - - (3]

srimr/nmrdata/Nami2018.03.30.mrd_NT-2-bromo-phieny!_sthanc gllyl ather alter col

LH1LAD




Department of Chemistry, University of Alberta

u500, Mar 30 2018 33783.8

~is Agilent Technologies e sspul

Nam, NT-2-bromo-phenyl_ethanol_allyl_ether_after_column
125.688 MHz C13{H1} 1D in cdcl3 (ref. to CDCI3 @ 77.06 ppm)
temp 27.7 C -> actual temp = 27.0 C, colddual probe

™M O = M O T O 1N - I~ 0 T [}
™M = O~ A O -~ O - 1N O N (2]
N 0 ™~ O < W W ™M O W o m n
12 R R I NI w
MM MmN NN - ~ N~ W P
5 i
D\f’%\_\, /
Br
|||l||||l[|||lll||||||l||’|||gl||||l|!||l||l]|||i'l||||||||]|||I|Il|||||%illll||ll|||lll|||||I]||ll|l||li|||||||ll|P|||||||I]||||||||¥
240 220 200 180 160 140 120 100 80 60 40 20 0 ppm

41

File: /mnifd8o0/hometBitwnnmrinmrdate/DATA FROM MMRSERVICEMNamZ018.03/2018.08.30 43 _NT-2-bvomo-phenylethano! allyl ether_after column_los10_ 18,18 £18 1D
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AT Recorded or mrd00, Feb 12 2018 4807.69 -5
P - " AN
ey R Ag||ent Technologles Pulse Sequonse:  s2pul - © 20
A
399.978 MHz H1 1D in cdci3 {ref. to CDCI3 @ 7.26 ppm)
temp 25.9 C -> actual temp = 27.0 C, onenmr probe
O M B N O W N O WY 0O T T 00T O W e MO M O d M~ ® T O N MO MO N0 0 0N
W M N NAHHORR©WID SO OMAOMMmONON © O O M OMFMNCEHO OO @IMI WIWWOI oS I 9 O NNO O © ©
NN N NNNNNAMEA A A 30600000 M®MANNNNNHdA A @ 9 P 00000000 NH-HOOOOOoOON o &
Lo T S S R N e e S O T T T T T2 o T T SO W SRS SR T T BT T Y SV BT B A T T T T T T T O T o O o O o T SO T o T T B S I S B
L UL% Lo A A
LA T N A O B ) I LA N R S N Y B A I B G
10 9 8 7 6 5 4 3 2 1 0 ppm
< ~ o =} o o 0
it o oo =3 =] =
<t o - — N (SIS

File: /mnt7dB00/hometB/fiwnmrnmrdala/Nami2018.02.12.med_NT-2-indanol_al

foigtad

£ cotumn wi




Department of Chemistry, University of Alberta

",g;u.‘ . . u500, Feb 12 2018 1 33783.8 Relaxali ot
~4,2 Agilent Technologies ce: s2pul © 0.26 Com 12
Nam, nt-2-indanol_allyl_ether_coulmn_with_tea
125.688 MHz C13{H1} 1D in cdci3 (ref. to CDCI3 @ 77.06 ppm)
temp 27.7 C -> actual temp = 27.0 C, colddual probe
Mmoo~ o © w0 MmO N o
o ~ < N ™~ O 4 W O In O
©w © o~ o 0 M o o )
< m N N — ~ o~ o~~~ ™
T NSB
O
;n' J-’ ‘:ml Ty e ‘“,‘ oy Loy e b l.m LL‘LW‘ ” ‘-,' o " L ‘m..' Ar y m v v Y M4 4' ‘-‘:. e “'MA “un_l " ; m e " mm :
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Department of Chemistry, University of Alberta

.“a‘;’af“ N . u500, Dec 28 2017 wWoer . 6009.62 Anquist
~5.& Agilent Technologies PRESAT Digital Res {Hz/pty: 0.09 . por
Nam, NT-cyclododecanol_allyl_ether_after_column
499.797 MHz H1 1D in cdcl3 (ref. to CDCI3 @ 7.26 ppm)
temp 27.7 C -> actual temp = 27.0 C, colddual probe
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£

_NT-vyclododecanol_allyl_ether after column joc2 18.83 Hi 1D

21.19
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Department of Chemistry, University of Alberta

s Agilent Technologies

sarded on

Bequence:

u500, Dec 28 2017
s2pul

33783.8
0.26

Nam, NT-cyclododecanol_allyl_ether_after_column
125.688 MHz C13{H1} 1D in cdcl3 (ref. to CDCI3 @ 77.06 ppm)
temp 27.7 C -> actual temp = 27.0 C, colddual probe
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12:201

7
b

12.28.05 NT-cyclododecanol allyl ether after ocolumn_joc

2 1354 C13 1D
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Department of Chemistry, University of Alberta

mr400, Jan 10 2018
5. s2pul

Swoep Width{

i Agilent Technologies

399.978 MHz H1 1D in cdcl3 (ref. to CDCI3 @ 7.26 ppm)
temp 25.9 C -> actual temp = 27.0 C, onenmr probe
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Department of Chemistry, University of Alberta

e .
% ¥

4,2 Agilent Technologies

71, u500, Jan 10 2018 Sw
Seauence. s2pul ¥

Nam, NT-2-adamantanol_allyl_ether_after_column
125.688 MHz C13{H1} 1D in cdci3 (ref. to CDCI3 @ 77.06 ppm)
temp 27.7 C -> actual temp = 27.0 C, colddual probe
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Department of Chemistry, University of Alberta

‘*,”;“.*' . . Recorded on: 1400, Feb 15 2018 Sweep Wigthikz):  4801.92
5.2 Agilent Technologies * : s2pul ;007
. * i

399.794 MHz H1 1D in cdcl3 (ref. to CDCI3 @ 7.26 ppm)

temp 26.5 C -> actual temp = 27.0 C, autoxdb probe
oM o0~ O W e 0NN -0 WY O M0N0 NN N YO AN AN 0N O N 0O N NN M 0 M T 0 e M
W W T O N O O I~ M <DL o T N OO IO 0 O~ 0N MmN O O™ IDMNO O M H 0NN N0 O oW T MN 0 W
N OOy OV O OV N NN A A A A O 000 H 0O 0O 0 0 0O N NN O W WY YNNG Yy YOV Oy O OO 00 0 O 0 0 O~
M~ 0N 0 I N N W N N N W T T MMM MM MMM MmN NN NNAN A e e O 0 0 0O 0 0 0 0 IPoO 0 0 0 0 0 0 00

9.11
3.19

fami2018.02.15.14 NT-m sther column with tea-1 H1 1D
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Department of Chemistry, University of Alberta

.‘xwi”;'- . . i on: uS00, Feb 15 2018 33783.8 Relaxa Detayisy 1
A Agllent TECh"()IOgles Puise Sequence.  s2pul 0.26 Compl Scans 88
Nam, NT-menthol_allyl_ether_column_with_tea
125.688 MHz C13{H1} 1D in cdcl3 (ref. to CDCI3 @ 77.06 ppm)
temp 27.7 C -> actual temp = 27.0 C, colddual probe
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aB0Omome B wnmdrmdais/DATA FROM NMESERVICENam/2018.02:2018.02.15.L5 NT-menihol_allyl ether_colu tea locs 2017 C13 1D 49




Department of Chemistry, University of Alberta

» . n: 400, Feb 2018 4801.92
B 4 p .
-'s. Agilent Techno g jes orce: s2pul 0.07
399,794 MHz H1 1D in cdcl3 (ref. to CDCI3 @ 7.26 ppm)
temp 26.5 C -> actual temp = 27.0 C, autoxdb probe
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Department of Chemistry, University of Alberta

'*.w;wﬁ . . ded on. uS00, Feb 15 2018 WidthiHzy. 33783.8 P n Deiay{sh 1
B A Agllent TEChn()Iog]es > s2pul {Hzipty: 0.26 Compleied Soans 116
Nam, NT-isobenerol_allyl_ether_column_with_tea
125.688 MHz C13{H1} 1D in cdcl3 (ref. to CDCI3 @ 77.06 ppm)
temp 27.7 C -> actual temp = 27.0 C, colddual probe
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Department of Chemistry, University of Alberta

Recorded on 1600, Jun 8 2018

: 7183.91
2 Seguence: s2pul .

0.1

-~ Agilent Technologies

599.926 MHz H1 1D in cdci3 (ref. to CDCI3 @ 7.26 ppm)
temp 26.2 C -> actual temp = 27.0 C, autoxid probe

< H W O O W MmN O I~ o 4 O O WV i T M U T M N ~ g <
W ™~ W VWO N W W W 0~ N O 00~ MmN O N W O
N N NN N e e e e A ~ -~~~ 0~~~ W v YW Y o o
~ o~~~ e~ Mm M o0 M0 N 8N NN 8N o -t

\-
/e

=

10 9 8 7 6 5 4 3 2 0
FA = bt S
00 S a9 3o
o - - o mw

wwinmrdaia/Nam/2018.08.08.i8_NT-1-phenyl_pre her after column gycichexans M1 1D
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Department of Chemistry, University of Alberta

A‘xﬁ;»t“ . . Recorded o u500, Jun 8 2018 Sweop Wid 33783.8 Acguisiton 1
e Ag[lent TeChnﬂlogles Pulse Seuuence:  s2pul i 0.26 Hz per mm{d 140.76

Nam, NT-1-phenyl_prop-2-ol_t-butyl_ether_after_column

125.688 MHz C13{H1} 1D in cdcl3 (ref. to COCI3 @ 77.06 ppm)

temp 27.7 C -> actual temp = 27.0 C, colddual probe
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nrdatg/DATA_FROM _NMRSERVICE/Nam/2018.06:2018.08.08.u5_NT-1-phenyl_prop-2-of_t-buty! after column_joct 18.08_C13_1D 53




Department of Chemistry, University of Alberta

mr400, Apr 24 2018

3. 4807.69

.3+ Agilent Technologies

s2pul 0.07
399.978 MHz H1 1D in cdcl3 (ref. to CDCI3 @ 7.26 ppm)
temp 25.9 C -> actual temp = 27.0 C, onenmr probe
O WO W Y H WV NO NN W N W H WYL NV M O N WO O MY YO T o
© W W W IS~ WN W INT MNP MONN A A OO 0D MNONOW OO0 HOMH T MN T
O O O O WM W W M~MMI/MRIE VWMWY W T W I P I T T MM N A A0 TN T TS N
7 © 0 0 @ M~ M~ M~~~ M~~~ RS S MmN NN
N \
==
S 1 JLLL i JL 1 ,.JL A 1
AN N N N N N N N N S MY B B
10 9 8 7 6 5 4 3 2 1 0
™~ Or~ WY N (&) —
a O O o o = o
O 00 N~ 3] o~ =}

coumn H1 10

File: /mnt/d600/home1 5/ wmrdataNam/2018.04.24 . mrd, NT-1-naphtt e _sthano! propargyl sther



Department of Chemistry, University of Alberta

iod on: u500, Apr 24 2018
nce. s2pul

33783.8
0.26

~i% Agilent Technologies

Nam, NT-1-naphthalene_ethanol_propargyl_ether_after_column
125.688 MHz C13{H1} 1D in cdcli3 (ref. to CDCI3 @ 77.06 ppm)
temp 27.7 C -> actual temp = 27.0 C, colddual probe
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3.867
3.856
3.849
3.838
3.830
3.464
3.456
3.445
3.437
3.427
3.418

\&

i . 4807.69
TS - "
-3¢ Agilent Technologies . 007
399.978 MHz H1 1D in cdci3 (ref. to CDCI3 @ 7.26 ppm)
temp 25.9 C -> actual temp = 27.0 C, onenmr probe
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File: imnt/dB00Mhomet ninmrdaiaNam/2018.04.18.mrd, NT-1_naphihalene ethanol benzyl ether afler column M1
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Department of Chemistry, University of Alberta

s ;, o Recorded on. u500, Apr 17 2018 3. 33783.8 Relaxali
'“ax ’.., H H S e . . P
4 Agllent Techno’og]es se Sequence:  s2pul 0.26 Comp
Nam, NT-1-naphthalene_ethancl_benzyl_ether_after_column
125.688 MHz C13{H1} 1D in cdcl3 {ref. to CDCI3 @ 77.06 ppm)
temp 27.7 C -> actual temp = 27.0 C, colddual probe
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Department of Chemistry, University of Alberta

6009.62
0.09

3 979

3 966

/—3. 368

37354
3, 341

1 625
1 614
1 602

RN . . u500, Jun 17 2018
~3.2~ Agilent Technologies PRESAT
Nam, NT-naphthalene_ethanol_from_BCI3_alone
499.797 MHz H1 1D in cdcl3 (ref. to CDCI3 @ 7.26 ppm)
temp 27.7 C -> actual temp = 27.0 C, colddual probe
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Department of Chemistry, University of Alberta

‘w%é»@" . . Recorded on: u500, Jun 17 2018 Sween Width 33783.8
-s.& Agilent Technologies - wonco: s2pul 0.26
Nam, NT-naphthalene_ethanol_from_BCI3_alone
125.688 MHz C13{H1} 1D in cdci3 (ref. to CDCI3 @ 77.06 ppm)
temp 27.7 C -> actual temp = 27.0 C, colddual probe
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File: imnidB00homet mtfnmrdata/DATA_FROM. NMRSERVICES aione loc? 22.08 C13 1D




~i:# Agilent Technologies

Nam, NT-1-phenyl_prop-2-ol_from_t-butyl_bbr3bcI3

Department of Chemistry, University of Alberta

ag o, u500, Jun 17 2018

. 6009.62
ice: PRESAT :

0.09

499.797 MHz H1 1D in cdcl3 (ref. to CDCI3 @ 7.26 ppm)

temp 27.7 C -> actual temp = 27.0 C, colddual probe
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33783.8
0.26

u500, Jun 17 2018

Hiper

i~ Agilent Technologies  puse scasorse: szpul

Nam, NT-1-phenyl_prop-2-ol_from_t-butyl_bbr3bci3
125.688 MHz C13{H1} 1D in cdcl3 (ref. to CDCI3 @ 77.06 ppm)
temp 27.7 C -> actual temp = 27.0 C, colddual probe
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Department of Chemistry, University of Alberta

";uiwu' . . : 1500, Jul 12 2018 6009.62
~4.¢ Agilent Technologies e; PRESAT 0.09
Nam, NT-heptanol_isolated
499.797 MHz H1 1D in cdcl3 (ref. to CDCI3 @ 7.26 ppm)
temp 27.7 C -> actual temp = 27.0 C, colddual probe
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Department of Chemistry, University of Alberta

“,uia." . . Racord : u500, Jul 12 2018 33783.8 At 1
B A Ag“ent Tec‘]no‘og[es e s2pul 0.26 Hz per punibizimmy 140.76
Nam, NT-heptanol_isolated
125.688 MHz C13{H1} 1D in cdcl3 (ref. to CDCI3 @ 77.06 ppm)
temp 27.7 C -> actual temp = 27.0 C, colddual probe
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. " Recorded o mrd00, Jul 12 2018 Sweep Width{Hz): 4807.69 Agquisiton Time{s): 5 Relaxation Delay(s): 0.1
ﬂgﬂeﬂ‘z Teghnomgms Pulse Sequence: s2pul Digital Res.{Hzpt): 6.07 Hz per mm{Hz/mm): 20.03 Compieied Scans 16
398.978 KMHz H1 1D in cdell (ref. to CDCI3 @ 7.26 ppm)
temp 25.9 C -» actual temp = 27.0 C, onenmr probe
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File: /mnt/d600/home 1 Bfjwnmrinmrdata/Nam/2018.07.12.mrd_NT-8-bromooctanol_isolate H1i_1D
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Deparbiment of Chemistry, University of Alberta

Recorded on:  uS00, Jul 12 2018 Sweep Width{Hz), 33783.8 Acguisiton Time{s): 1 Relaxation Defay(s): 1

e :;;ﬁi“' Ag[ieﬁt Techngagms Pulse Sequence: s2pul Digital Res.{Hzmt: G.26 Hz per mmi{Hz/mim):  140.76 Compleied Scans 128

Nam, NT-8-bromo_octanol_repeat
125,688 MHz C13{H1) 1D in cdei3 (ref. to CDCI3 @ 77.06 ppm)
temp 27.7 C - actual temp = 27.0 C, colddual probe
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5 Agilent Technologies

Nam, NT-cyclohexanol_from_propargyl_bbr3bcl3
499.797 MHz H1 1D in cdcl3 (ref. to CDCI3 @ 7.26 ppm)
temp 27.7 C -> actual temp = 27.0 C, colddual probe
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b . . Recorded on: U500, Jun 17 2018 33783.8
e a Ag||ent Technologies  ruse scauence: s2pul 0.26
Nam, NT-cyclohexanol_from_propargyl_bbr3bci3
125.688 MHz C13{H1} 1D in cdcl3 (ref. to CDCI3 @ 77.06 ppm)
temp 27.7 C -> actual temp = 27.0 C, colddual probe
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He 6009.62
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cordad on: w500, Jun 12 2018
Sequsnce: PRESAT

~i.s Agilent Technologies

Nam, NT-2-bromobenzeneethanol_isolated-1
499.797 MHz H1 1D in cdci3 (ref. to CDCI3 @ 7.26 ppm)
temp 27.7 C -> actual temp = 27.0 C, colddual probe
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Nam, NT-2-bromobenzeneethanol_isolated-1
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u500, Jun 12 2018
2. s2pul

Actul

1
iz

125.688 MHz C13{H1} 1D in cdcl3 (ref. to CDCI3 @ 77.06 ppm)

temp 27.7 C -> actual temp = 27.0 C, colddual probe
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RS ; . u500, Jun 17 2018 3 6009.62 5
-2 Agilent Technologies o PRESAT : 0.09 ;2504
Nam, NT-indanol_isolated_from_propargyl_bbr3bci3
499.797 MHz H1 1D in cdcl3 (ref. to CDCI3 @ 7.26 ppm)
temp 27.7 C -> actual temp = 27.0 C, colddual probe
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u500, Jun 17 2018
ence.  s2pul

. 33783.8
. 0.26

¢
. 140.76

i Agilent Technologies

Nam, NT-indanol_isolated_from_propargyl_bbr3bcl3
125.688 MHz C13{H1} 1D in cdcI3 (ref. to CDCI3 @ 77.06 ppm)
temp 27.7 C -> actual temp = 27.0 C, colddual probe
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i . . U500, Jun 122018 6009.62 Roix .
e ke AgllentTechnologms ;. PRESAT 0.0 Comp 16
Nam, NT-cyclododecanol_isolated-1
499.797 MHz H1 1D in cdcl3 (ref. to CDCI3 @ 7.26 ppm)
temp 27.7 C -> actual temp = 27.0 C, colddual probe
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".”fww‘ . . Recorded orn u500, Jun 12 2018 33783.8
e Ag||ent Te[;hn()Iogles Puise Sequence.  s2pul . 0.26
Nam, NT-isolated_cyclododecanol_-2
125.688 MHz C13{H1} 1D in cdci3 (ref. to CDCI3 @ 77.06 ppm)
temp 27.7 C -> actual temp = 27.0 C, colddual probe
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s2pul

.2~ Agilent Technologies

399.978 MHz H1 1D in cdcl3 (ref. to CDCI3 @ 7.26 ppm)
temp 25.9 C -> actual temp = 27.0 C, onenmr probe
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%4 Agilent Technologies s2pul 021
100.586 MHz C13{H1} 1D in cdcl3 (ref. to CDCI3 @ 77.06 ppm)
temp 25.9 C -»> actual temp = 27.0 C, onenmr probe
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27.0 C, onenmr probe
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399.978 MHz H1 1D in cdcl3 (ref. to CDCI3 @ 7.26 ppm)

temp 25.9 C -> actual temp
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Recorded on: mr400, Apr 9 2018 Swesp
oo s2pul D

¥ 27173.9
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s Agilent Technologies

100.586 MHz C13{H1} 1D in cdcI3 (ref. to CDCI3 @ 77.06 ppm)
temp 25.9 C -> actual temp = 27.0 C, onenmr probe
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399.794 MHz H1 1D in cdcl3 (ref. to CDCI3 @ 7.26 ppm)

temp 26.5 C -> actual temp

27.0 C, autoxdb probe
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2 Seqguence:  s2pul
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i400, Apr 92018 Sweep Width{Hz)y  26954.2
Digital PBes.(Hamtl 0,21

i+ Agilent Technologies

100.539 MHz C13{H1} 1D in cdclI3 (ref. to CDCI3 @ 77.06 ppm)
temp 26.5 C -> actual temp = 27.0 C, autoxdb probe
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