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Part 1. An Estimate of the ky_.iom Abstraction Values
for the 2,2-Dimethylvinyl Radical 6 from Bu;SnH in
PhMe Between 273 and 353K, and Estimates of the
K(ing-opening @and Arrhenius Parameters for the
Cyclopropane Ring-Opening of the a-Cyclopropyl-3-
Tri-n-Butylstannylvinyl Radical 2a in Pentane and
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1.1 The Averaged Ratios of 4a:5a Obtained from the O-Directed Hydrostannation of 1 with
BusSnH/cat. Et;B as Determined by 600.13 MHz 'H NMR Spectroscopy of the Crude Concentrated

Hydrostannation Reaction Mixtures in CDCl;3

Bu3SnH, solvent OH O (2)-2
OH O EtsB (0.1 equiv) . o
> AN , e
"y “OMe 0,, T°C, 24 h 7
7 M Me 2 BuzSn Me Me
1 2a
kring-opening
H
N PN BusSnH
|' - OMe H-ator:3ab:traction
Bu,Sn Me Me
iBu3SnH
o~ oH O OH O
* + R OMe
4 OMe -
Me p
BusSn Me Me BusSn Me Me
4a 5a
Final
Run 1 Run 2 Run 3 Run 4 Run Averaged
Toc Ratio Ratio Ratio Ratio Total  Value of
4a:5a 4a:5a 4a:5a 4a:5a 4a:5a 4a:5a
Pentane
HAW-VII-055 HAW-VII-056 HAW-VII-057
20°C  1.51:1 1.55:1 1.44:1 %:1 1.50 : 1
HAW-VII-058 HAW-VII-059 HAW-VII-060 79
25°C 1581 1.55: 1 1.66: 1 — L2 | 1601
HAW-VII-037 HAW-VII-041 HAW-VII-042
30°C  2.12:1 213:1 1.93:1 %11 2.06:1
PhMe
HAW-1I-189 HAW-VI-171
20°C  2.25:1 2221 — — %11 2.24:1
HAW-VII-052 HAW-VII-053 HAW-VII-054
25°C 2471 2.46: 1 2.58: 1 — 77-21 1 | 250:1
HAW-VII-048 HAW-VIi-049
5.645
30°C 2.885:1 2.76:1 — —_— T:1 2.82:1
HAW-VII-030 HAW-VII-034 HAW-VII-036 12,08
40°C  4.33:1 3.94:1 471:1 — =51 | 438:1
HAW-IV-029 HAW-VII-029 HAW-VII-033 HAW-VII-035
o , . . ., 4010 .4 110.03:1
60°C  10.84:1 8.88:1 9.70 : 1 10.68 : 1 )
HAW-II-005 HAW-VI-164 HAW-VII-003 6218
80°C  2044:1  2152:1 2022:1 —— 251 12073:4




1.2 Use of the Arrhenius Log A, E, and Kky.atom abstraction Bussni Data Derived for the 2,2-Dimethylvinyl
Radical (6) in Pentane to Calibrate the In Situ-Generated Stannylvinyl Radical (Z)-2a in Pentane
and Provide Estimates for the Kii.atom abstraction Buzsnn Rate Constants of 6 and (Z)-2a in Pentane at

293 and 298 K

In the Supporting Information of their paper, Ingold and coworkers reported’ that in pentane the
2,2-dimethylvinyl radical 6 abstracted the reactive H-atom of BusSnH with a k= 2.96 x 10® mol™* s
at 298 K. Ingold et al. also reported a log A of 9.67 for this process,” and an E, = +1.624 + 0.407 kcal
mol™. After multiplication of 1.624 x 4184 J and including their errors, an E, = +6794.816 ) mol™ +

1702.888 J mol™* was recorded.

The availability of this data allowed us to calculate the theoretical Ky atom abstraction Values for the
radical 6 from BusSnH at 293 K and 303 K in pentane respectively, and using these values to
calibrate the reaction of 2a with BusSnH thereafter allowed us to deduce the King-opening Values for

the stannylvinyl radical (Z)-2a (R = Bu) in pentane at these two temperatures, as well as at 298 K.

Those theoretical ky_atom abstraction Calculations that we performed utilised the logarithmic form of the

-Ea/RT

Arrhenius equation k = Ae where:

Ea

logk=logA - —2
9 9 2.303RT

where R = Gas Constant (8.314) and T = Absolute Temperature in K

and A = the Frequency or Pre-Exponential Factor

Thus, at 20 °C (293 K), the calculated ki-atom abstraction Fate constant for 6 from BusSnH in pentane was
deduced using Ingold’s reported log A = 9.67 and his E, = 6794.816 J mol™ (1.624 kcal mol™):

6794.816
log k. i =9.67 -
J KH-atom abstraction 293 K 2303 x 8.314 x 293
6794.816
log k. ; =967 - —————
J AH-atom abstraction 293 K 5610.1126

|Og kH-atom abstraction 293 K = 9.67 -1.211173 = 8.458827

«"+ Kut.atom abstraction 203 k = 1084988%7= 287625 x 108 mol™ 5™



Likewise, the Ki-atom abstraction Buzsnn Fate constant for 6 at 30 °C (303 K) was calculated from:

6794.816
log Kn- i =9.67 -
g KH-atom abstraction 303 K 2.303 x 8.314 x 303
6794.816
log k. ; =967 - ———
9 AH-atom abstraction 303 K 5801 5840

10g Ki-atom abstraction 303k = 9.67 = 1.1712 = 8.4988

.*. Ku-atom abstraction 303 K = 1084988 3153552 x 108 mol™ 57!
Although the experimentally determined Ky.atom abstraction Buzsnh quoted by Ingold et al.®for 6 at 25 °C
(298 K) was 2.96 x 10® mol™ s™, such a k value would in actual fact require an Arrhenius energy of

activation of E, = 1.6347146 kcal mol™ (6839.646 J mol™) to arrive at this figure (see below).

Importantly though, this E, is only 0.01 kcal mol™ different from the general mean value of E, =
+1.624 + 0.407 kcal mol™ (+6794.816 J mol™ + 1702.888 J mol™) that was reported in the S| of

Ingold’s paper,” and Ingold’s team did claim a + 25% level of error in the E, they were reporting.’

The two calculations provided below have utilised the above E, value (6839.646 J mol™) and
Ingold’s E, = 6794.816 J mol™) to confirm this fact. They further show the veracity of our overall
method of calculation for the two 273 K and 303 K Ky_atom abstraction Bussnn Values in pentane, and that

our method of calculation is totally correct. Thus:

For E, =1.6347146 kcal mol™! x 4184 = 6839.646 J mol

6839.646
2.303 x 8.314 x 298

109 Ki.atom abstraction 208 k = 9-67 =

6839.646
109 KH.atom abstraction 298 k = 9:67 = 5705.848316

10g Kit-atom abstraction 208 k = 9-67 =1.198708 = 8.471292

«*«  Ki-atom abstraction 208 K = 108-471292= 2 9600 x 108 mol'' 5™’

= 2.96 x 108 mol"' s™*



For E, = 1.624 kcal mol ™" x 4184 = 6794.816 J mol’

6794.816
2.303 x 8.314 x 298

109 Ki.atom abstraction 298 k = 9-67 =

6794.816
l0g KH-atom abstraction 208 k = 9-67 = 5705.848316

10g Kit-atom abstraction 208 k = 9.67 =1.1908512 = 8.4791488

<"« Kii-atom abstraction 208 k = 1084791488 = 3.014 x 108 mol! s°*

When the two calculated 108 Kii-atom abstraction 6 from Bu3snH in pentane Values at 293 K and 303 K (calculated
using Ingold’s E, = 6794.816 J mol® = 1.624 kcal mol™ data) were merged with Ingold’s
experimentally derived k value for 6 of 2.96 x 10® mol™ sec at 298 K,” the following three log k .
atom abstraction 6 Values emerged i.e. 8.458827; 8.471292; and 8.4988, and when these three resulting
log K H.atom abstraction 6 Values were plotted against the following 1/T values (i.e. 1/293 K = 0.003413;
1/298 K = 0.003356; and 1/303 K = 0.0033) in Arrhenius format, the following Excel plot was
obtained (see below). It consisted of a straight line plot that had a negative slope and an R” value
of 0.950895 i.e. there was just a 5% deviation in the plotted points, with a 95% data fit when
Ingold’s experimental 298 K ky.atom abstraction Value was included in the plot. This exercise was done
solely to check the veracity of our two newly calculated k values for 6 when merged with his

experimentally-derived k value, and as can be seen, the results are excellent (log A = 9.6648).”

108 Ki\_atom abstraction ©F 6 from Bu,SnH in Pentane (y-axis)
v 1/T (x-axis)

8.505
8.5 (] =-354.1x + 9.6648

8.49 R%=0.950895

8485 e
848 | e
8475 e
8.47 ® et
8465 e
846 | e
8.455 -
8.45

0.00328 0.0033 0.00332 0.00334 0.00336 0.00338 0.0034 0.00342

|08 kH-atom abstraction for 6

A
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With this task duly completed, the aforementioned ki atom abstraction Bussnv Values for 6 in pentane
were used to calibrate the stannylvinyl radical 2a (R = Bu) in pentane, to allow the rate constants
for the cyclopropane ring-opening (Kring-opening) €vent to be estimated for 2a (R = Bu) at these three
reaction temperatures. The latter data was secured at constant excess tin hydride concentration
(0.2 M), by running 3 separate competition experiments at the temperatures of 293, 298 and 303
K, where the final ratio of allenyltin:vinyltin products 4a:5a was established by 600.13 MHz 'H NMR
spectroscopy of the crude concentrated reaction mixtures in CDCl;. The following equation of

Baines,™ Newcomb,** and Crich®® was used to determine the Kring-opening Values:

[Vinyltin] KH-atom abstraction

= [(R)sSnH] X (Ean 1)
[Allenyltin] [(R)s ] kring-opening
which rearranges to Eqn 2:
) o [Allenyltin]
knng-openlng = [(R)3an] X kH-atom abstraction W (Eqn 2)

At 20°C (293 K), from 3 independent reaction runs, the average ratio of 4a:5a (R = Bu) was 1.50:1.

This allowed a K ring-opening 2a in pentane293 k = [0.2] x 2.88 x10® x 1.50/1 = 8.64 x 10’ s™ to be established,
and a IOg kring-opening 2ain pentane293 K = 7.936513742.

At 25°C (298 K), from 3 independent reaction runs, the average ratio of 4a:5a (R = Bu) was 1.60:1.

This led to a K ring-opening 2a in pentane29s k OF [0.2] X 2.96 x10% x 1.60/1 = 9.472 x 10’ s which, in turn, gave
a IOg k ring-opening 2a in pentane298 K = 7.976441689.

At 30°C (303 K), from 3 independent reaction runs, the average ratio of 4a:5a (R = Bu) was 2.06:1

Accordingly, a K ring-opening 2a in pentane3os k Of [0.2] x 3.154 x10% x 2.06/1 = 1.299448 x 10% which gave rise

toa IOg kring»opening 2ain pentane303 K = 8.1137589.
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An Excel Arrhenius plot of these values of 10g Kiing-opening 2ain pentane v 1/T (i.e. 1/293 K = 0.003413;
1/298 K = 0.003356; and 1/303 K = 0.0033), employing the least-squares regression method, gave
a straight-line output whose intercept provided the log A of the reaction, which was 13.274 (see
below). The latter value enabled a Pre-Exponential or Frequency Factor A of 1.88 x 10"* s™ to be
deduced for the ring-opening process, which was consistent with an entirely free radical Ey1 ring-
cleavage occurring within 2a to give 3a. The slope of the plot was -1568.6, while its R = 0.902906.
Such a net deviation confirmed that our data had given a reasonable fit of the averaged
experimentally-derived 4a:5a ratio determinations made. The deviation observed included the 5%
deviation already present in Ingold’s k calibrating data (see the earlier plot), and the 5% data point
deviation in our own reaction run data. Most importantly though, the high magnitude of the log A
(13.274) obtained for this ring-opening was unmistakeable, and it was a number that was
sufficiently reliable to allow it to be confidently asserted that an entirely free radical, scissive, E41

ring-opening was occurring in 2a in pentane to give 3a.

108 Kiing.opening®f 2 in Pentane v 1/T
8.15
°
8.1 =-1568.6x + 13.274
g T R? = 0.902906
% 805 e
) S
N o el
Q0 e
8 795 e
........ Y
7.9

0.00328 0.0033 0.00332 0.00334 0.00336 0.00338 0.0034 0.00342

A

The Arrhenius energy of activation for this cyclopropane radical ring-opening event was deduced
from the expression E, = -(slope) x 2.303R, which, for the ring-opening of the stannylvinyl radical

2a (R = Bu) in pentane led to an E, of +7.18 kcal mol™ being calculated. Thus:
E, = -(-1568.6) x 2.303 x 8.314 = +30034.207 ) mol™® = +30.034 kJ mol™, but to obtain the

corresponding E, in units of kcal mol™, this figure was divided by 4.184, which gave an E, =

30.034/4.184 = +7.18 kcal mol ™.

12



1.3 Estimation of the Rate Constants for H-Atom Abstraction (Ki.atom abstraction Bussni) fOr the 2,2-

Dimethylvinyl Radical (6) in PhMe and the Accompanying Arrhenius Parameter Determinations

The temperature dependent Ky.atom abstraction Bussnn data for the 2,2-dimethylvinyl radical 6 from

BusSnH in PhMe was experimentally derived in the following way.

Free radical hydrostannation reactions were conducted on the alkynol 1 with BusSnH/cat. Et3B in
PhMe over a 20-30 °C (293-303 K) temperature range, in an analogous manner to the way in which
these reactions were run in pentane, and the averaged product ratios of 4a:5a for 2-3 reaction
runs were determined by 600.13 MHz 'H NMR spectroscopy of the concentrated crude reaction
mixtures in CDCl;. The differences in the 4a:5a product ratios, in pentane and PhMe, were then
compared with respect to the allenyltin 4a (R = Bu) component. This allowed us to estimate the
differing rates of H-atom abstraction by (Z)-2a to give 5a over the 293-303 K temperature range
examined. It transpired that, within this narrow temperature window, the rate of H-atom
abstraction of (Z)-2a from BusSnH was approximately 1.47 x slower in PhMe than in pentane,
where a larger quantity of 5a was formed. As a result of this slower rate of H-atom abstraction by

(2)-2a in PhMe, more cyclopropane ring-opening product 4a was formed in PhMe than in pentane.

The precise reduction in the rate of BusSnH H-atom abstraction in PhMe was estimated by dividing
the relative ratios of 4a formed in the two reaction solvents at the temperature under
investigation. Thus, at 293 K the 4a ratio difference was 2.24/1.5 = 1.493; at 298 K it was 2.50/1.60
= 1.56; and at 303K it was 2.82/2.06 = 1.37. The average sum of these net reductions in the rate of
H-atom abstraction in PhMe was thus 4.423/3 =1.47. Accordingly, we reduced the ky.atom abstraction
BussnH pentane Values that we had obtained in pentane by a factor of 1.47. This gave rise to the
following new reduced Kky.atom abstraction BussnH Phve €Stimates for the rate of H-atom abstraction from

the BusSnH by the 2,2-dimethylvinyl radical 6 and 2a in PhMe.

13



Kii-atom abstraction BudSnH by 6/2a PhMe 203K = 2.88 x 108 mol''s! = 1.959184 x 108 mol' s

1.47

Ki-atom abstraction BudSnH by 6/2a PhMe 208 K = 2.96 x 108 mol'' s! = 2.013605 x 108 mol' s

1.47

Kit-atom abstraction Bu3SnH by 6/2a PhMe 303 K = 3.154 x 108 mol! s'= 2.145578 x 108 mol! s
1.47

These estimates, in turn, gave rise to the following 108 ky.atom abstraction BussnH 6/2a Values in PhMe:

log kH-atom abstraction 6/2a PhMe 293 K = 8.292075
10g K-atom abstraction 8/2a PhMe 208 K = 8.303974

10g K-atom abstraction 6/2a PhMe 303 K = 8.331544

When these three estimated 10g Ki-atom abstraction Bussnn Values for 6/2a (R = Bu) in PhMe were plotted
against the following 1/T values (i.e. 1/293 K = 0.003413; 1/298 K = 0.003356; and 1/303 K =
0.0033) in classical Arrhenius format, the following Excel plot was obtained via the least-squares

regression method:

log k of 6/2a from Bu,SnH in PhMe v 1/T

H-atom abstraction
8.335
8.33
8.325
8.32
8.315
8.31
8.305 o
83 | e
8295 | e
g9 —-—F+——t——— e,
8.285

0.00328 0.0033 0.00332 0.00334 0.00336 0.00338 0.0034 0.00342
YT

=-349.6x +9.4826
R2=0.94578

IOg kH-atom abstraction of 6/23
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Significantly, this plot yielded a log A = 9.4826 (Frequency Factor A = 3.04 x 10° s™) and had a slope

= -349.6 and an R? value of 0.94578, for seven experimentally determined 4a:5a ratio

measurements in PhMe. The fact that the R? value was 94.58% confirmed that the experimental

data fit was good.

From that slope, an E, = -(-349.6) x 2.303 x 8.314 = +6693.84 J mol™ or +6.69384 kJ mol™ was
deduced, which translated into an E, of +1.59879 kcal mol™, following multiplication by 0.238846
(i.e. +6.69384 kJ mol™ x 0.238846 = E,= +1.59879 kcal mol™ or 1.6 kcal mol™). The close match of
these Arrhenius parameters with the Ingold data for 6 and BusSnH in pentane clearly corroborated
the validity of our experimentally-derived Arrhenius plot for 6 (2a) and BusSnH in PhMe and its

integrity.

From these new, experimentally-determined, Arrhenius parameters for 6 in PhMe (log A= 9.4826
and E, = 6693.84 ) mol™) derived from this averaged Arrhenius plot, the following five additional
NeW Ky.atom abstraction BussnH phve Values were calculated. This allowed the entire 313-353 K
temperature range to be fully calibrated and covered for 6, which was to serve as the ky.atom

abstraction BussnH phve Calibrant for 2a (R = Bu) and later 13.

At 313K: For E, = 6693.84 J mol™!

6693.84
2.303 x8.314 x 313

l0g KH-atom abstraction PhMe 313 K = 9.4826 =

6693.84
log KH-atom abstraction PhMe 313 K = 9.4826 = 5993.055

10g Ki-atom abstraction PhMe 313 K = 9-4826 = 1.1169 = 8.3657

«*« Kit-atom abstraction PhMe 313K = 1083657 = 2.321133 x 108 mol ' s

15



At 323K: For E, = 6693.84 J mol™

6693.84
log k. : =9.4826 -
9 KH-atom abstraction PhMe 323 K 5303 x 8.314 x 323
6693.84
109 KH-atom abstraction PhMe 323 K = 9.4826 = 6184.5269

l0g KH.atom abstraction PhMe 323 K = 9-4826 = 1.082353 = 8.4002

«*« Kit-atom abstraction PhMe 323 K = 1084092 = 2513043 x 108 mol ' s

At 333K: For E, = 6693.84 J mol’
6693.84
log ky. i =9.4826 -
J AH-atom abstraction PhMe 333 K 2.303 x 8.314 x 333
6693.84
log An. i =94826 - ——
J KH-atom abstraction PhMe 333 K 6375.9983

10g Ki-atom abstraction PhMe 333 K = 9.4826 = 1.04985 = 8.43275

«*« Kit-atom abstraction PhMe 333 K = 10843275 = 2708631 x 108 mol ' s°*

At 343K: For E, = 6693.84 J mol’
6693.84
log kn. i =9.4826
J AH-atom abstraction PhMe 343 K 2303 x 8.314 x 343
loa k 0.4826 6693.84
O R i =9. -
9 KH-atom abstraction PhMe 343 K 6567.470

109 Kii-atom abstraction PhMe 343 k = 9.4826 = 1.01924 = 8.46336

«*« Ki-atom abstraction PhMe 343 K = 10846336 = 2 90643 x 108 mol' s

At 353K: For E, = 6693.84 J mol™

6693.84
2.303 x 8.314 x 353

109 KH-atom abstraction PhMe 343 K = 9-4826 =

6693.84

l0g KH-atom abstraction PhMe 343 K = 9.4826 = 6758.941

10g Ki4-atom abstraction PhMe 343k = 9-4826 = 0.990368 = 8.49223

«*« KH-atom abstraction PhMe 343 K = 10849223 = 3.106204 x 108 mol ' s

16



With respect to the radical 6 (and the calibrated radicals 2a and 13), the calculated log ky.atom
abstraction BussnH Values at 313K, 333K and 353 K were added to a new Arrhenius plot, alongside the
293 K, 298 K and 303 K log ku-atom abstraction Bussnn data, to check their numerical integrity. The output

is shown below:

108 Kyy_atom abstraction ©f 6/2a/13 from Bu,SnH in PhMe
v 1/T; Calculated k values added
8.55

a
) 8.5 ...
§ 7 el y = -349.65x + 9.4828
R R > R? = 0.998557

E g4 e

e o.

% 835 e

£ e

s @,
K 8.3 .
<1
S 825

0.0028 0.0029 0.003 0.0031 0.0032 0.0033 0.0034 0.0035

A

The fact that this Arrhenius plot now had an R* = 0.998557 indicated a near perfect fit of the data.

It used the following 1/T and l0g Ki.atom abstraction BussnH phve Values:

1/293 K = 0.003412969. |08 Ki-atom abstraction 203k = 8.292075.
1/298 K = 0.003355704698. [08 Ki-atom abstraction 208k = 8.303974.
1/303 K = 0.00330033. 108 Ki-atom abstraction 303 = 8.331544.
1/313 K = 0.003194888. 108 Ki-atom abstraction 313k = 8.3657.
1/333 K = 0.003003. l0g Ki-atom abstraction 333k = 8.43275.
1/353 K =0.0028328611. l0g Ki-atom abstraction 353k = 8.49223.
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1.4 Estimation of the Kiing-opening Rate Constants and Arrhenius Parameters for the Cyclopropane
Ring-Opening of the Tri-n-Butylstannylvinyl Radical 2a in PhMe From The Averaged 4a:5a Ratios
in PhMe

With this mix of calculated and experimentally-derived ky_atom abstraction BuasnH phve Values in hand for 6
and 2a (R = Bu) in PhMe, as well as the newly experimentally-derived 4a:5a (R = Bu) ratios, the
following Kring-opening 2a Values were determined in PhMe at each specified temperature. As was the
case with the pentane reaction runs, all product ratios were derived from reaction runs that were

performed at a 0.2 M [BusSnH]. The Kiing-opening 2a Phve Values were again calculated using equation 2:

[Allenyltin]

[Vinyltin] (Ean2)

Kring-opening = [(R)3SnH] X Kiy_atom abstraction

These calculations are collated below:

At 293 K: K ring-opening 2a Phvie 203 k = [0.2] x 1.959184 x10° x 2.24/1 = 8.7771443 x 10" s™".
At 298 K: K ring-opening 2a phvie 208 k = [0.2] X 2.013605 x10° x 2.5/1 = 1.0068025 x 10° ™.
At 303 K: K ring-opening 2a phvie 303 = [0.2] X 2.145578 x10° x 2.82/1 = 1.210106 x 10° ™.
At 313 K: K ring-opening 2a phvie 313 = [0.2] X 2.321133 x10° x 4.33/1 = 2.0101011 x 10° ™.
At 333 K: K ring-opening 2a Phvie 333 = [0.2] X 2.708631 x10° x 10.03/1 = 5.4335138 x 10° s ™.

At 353 K: K ring-opening 2a phvie 353 = [0.2] X 3.106204 x10° x 20.73/1 = 1.2878322 x 10° s ™.

The 1/T and 10g Kring-opening 2a Phive Values that were used in the subsequent Arrhenius plot are listed

below:

1/293 K = 0.003412969. 108 Kring opening 2a PhMe 203 k = l0g 8.7771443 x 10" s™ = 7.943353,
1/298 K = 0.003355704698. 108 Kring opening 2a phvie 208 k = 10g 1.0068025 x 10° s™* = 8.002944.
1/303 K = 0.00330033. 108 Kring-opening 2a phvie 303 k = 10g 1.210106 x 10° s™* = 8.08282341.
1/313 K = 0.003194888. 108 Kring-opening 2a phve 313 k= l0g 2.0101011 x 10° s™ = 8.3032179.
1/333 K = 0.003003. 108 Kring-opening 2a phvte 333 k= l0g 5.4335138 x 10° s = 8.735080.
1/353 K =0.0028328611. 108 Kring-opening 2a phve 353 k = 10g 1.2878322 x 10° s™* = 9.109859.
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That Arrhenius plot is shown below in Excel, and gave rise to the following Arrhenius expression for

the ring-opening of radical 2a: 10g Kring-opening 22 = 14.951 — 9.47/2.303RT.

log k of 2ain PhMe v 1/T

ring-opening

9.2
9

8.8 .
8.6

o4 y = -2069.6x + 14.951

...... R?=0.994188
&2  rm
8 .

IOg kring-opening 2a
{ 3

7.8
0.0028 0.0029 0.003 0.0031 0.0032 0.0033 0.0034 0.0035

1T

Clearly, now that there were 6 experimental data points included in this Arrhenius Plot, from 17
independent reaction runs, a great improvement was seen in the overall R® score (R* = 0.994188),
which lent considerable weight and confidence to the experimental accuracy of the experimental

data that was deduced.

Our calculation of the E, for the ring-opening of 2a to give 3a is presented below. It used the slope

of -2069.6 derived from the above Arrhenius plot to deduce the final calculated figure for the E, of

the ring-opening of 2a.

e Ea ring-opening 2a = -(-20696) x 2.303 x 8.314 J mol™!
. Earing-opening2a = 39626.925 J mol™! = 39.6269 kJ mol!

s Ea ring-opening 2a = 39.6269 kJ mol! = +9.47 kcal mol -
4.184

This E, of +9.47 kcal mol™ for the ring-opening of 2a showed a reasonably good level of agreement

with Guo’s theoretical value®® for the mechanistically analogous Eul ring-opening of the o-
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cyclopropylvinyl radical 17, if one also considers that the BusSn-substituent will almost certainly be

hyperconjugatively stabilising 2a while also accelerating the actual ring-opening event itself.

. E, =+10.7 kcal mol’
% RNV
17 18
AG = - 4.3 kcal mol”
J. Shi, M. Zhang, Y. Fu, L. Liu, Q.-X. Guo Tetrahedron 2007, 63, 12681.

Our AS¢333 k calculation for the 2a->3a conversion is also shown overleaf for comparison. It used

two methods of calculation: the Avery AS* equation® and variants of the Bunnett AS* equation.’®

The origin of Avery’s AS* equation® is shown below for ease of understanding (see p 67 of ref 2a):

Using statistical thermodynamics, Wynne-Evans and Eyring® have shown that the rate constant k, is related to the
Boltzmann Constant kgyj,mann, Planck's Constant h, the reaction temperature T, and the standard free energy
of activation (-AG¥) by the following form of the Arrhenius Equation:

K = Keoitzmann T exp <— AG¢>

h

If we now incorporate AG = AH - TAS into this expression, it follows that:

+ ¥
Kpoi T exp(n +-AS1) exp[—AH
oltzmann pin + ] P AT

T h

Since the enthalpy of activation (AH¥) is related to the activation energy (E,) by AH= E, - nRT,
where n (the molecularity) = 1 for all unimolecular or liquid phase reactions, it follows that:

ASt E h =6.62 x 103 mol"! Planck's Constant
_ Keoitzmann T exp<n +—5 > exp<TaT> where R =8.314 J K mol"! Gas Constant
ke = h n = Molecularity of Reaction

Keoitzmann = 1.38 x 1023 J K1

In this expression,

AS¢> = A = Pre-Exponential or Frequency Factor successful molecular collisions with the
R

correct orientation and energy to react.
and thereby give rise to the product(s).

kBoItzmann T

h

exp<n +
So, from a knowledge of the reaction temperature and the A factor, one can work out the entropy of activation (AS¥).
Assuming n = 1 (for a unimolecular reaction), and taking natural logarithms, allows further equation simplification to:

Kk T +
nA =ln Boltzmann 1+ AS
h R

and further rearrangement thereafter gives Avery's equation,22 (Page 67) since he is the chemist who popularised it.:

K T
AS* = R| 2.303 log A -2.303 log B"’i&- 1 Avery's equation for AS¥ for unimolecular reactions

The A factor gives a measure of the number of

Further conversion of the natural logarithm terms in this equation into logyq values requires multiplication by a factor of 2.303,
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Taking the log A of 14.951 derived from the intercept of our above Arrhenius plot of the log kiing-
opening Of 2@ in PhMe vs 1/T (for our 2a->3a conversion), and using it in Avery’s AS* equation (which,
most importantly, takes into account the effect of reaction molecularity),” we arrived at the final

AS¢333 kvalue shown below after insertion of the relevant numerical values into that equation.

J K1 mol!

= 8.314 (2. X 14. -2. og -
sasK ( ) 6.626 x 1034

ASHys = 8.314 [(34.4322) - 2.303 log 6.935406 x 10'2) - 1 ]J K" mol”

AStygg = 8:314 [(34-4322) 2.303 <12.84107) -1 ] JK mol?

ASPssy = 8.314[(34.4322) - 20.5780 - 1]J KT mol

AStys0 8.314[(34.4322) - 30.5730]J K1 mol!

AStagec = 8.314[+3.8592] J KT mol
AStgpaq = +32.085 J K mol”

+32.085 J K1 mol™
4.184

. - - = -1 -1
S |AStgaa = = +7.67 e.u. = +7.67 cal K"' mol

However, in order to check the overall veracity of our Asi333 x determination, we also used Anslyn
and Dougherty’s simplified variant”’ of Bunnett’s long-established AS* equation®® to confirm the
general magnitude of the AS¢333 k value we had derived for the 2a->3a conversion via the Avery

equation.”

Although not specified by Anslyn and Dougherty in their book,”” their simplified variant of
Bunnett’s much earlier AS* equation®® produces an output that is in entropy units (i.e. 1 e.u. = 1 cal
K™ mol™). It was formulated entirely analogously to Alder, Baker and Brown'’s earlier simplified
1971 AS*e.u. equation for a 298 K determination, which had AS* 505 = 4.576 (log A-13.23).” The AS*
values that emerge from these two equations thus require multiplication by a factor of 4.184 to
convert them into the more familiar J K* mol™ unit of quantification that one typically sees for AS*

values reported in the literature.
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We ourselves have formulated our own simplified variant of the Bunnett AS* equation®® shown

below on the left, which does the J K* mol™ AS* calculation directly.

Significantly, both of these simplified AS* equations work very well indeed for providing this key

Arrhenius parameter for both unimolecular and bimolecular reactions (in the liquid phase),

without all of the complex calculations that the Avery equation and its variants require.

The 2a->3a AS¢333 k calculations where we used our own and Anslyn-Dougherty’s AS* equations are

shown below. They give identical results:

The AS* Equation in Units of J K mol™

€ kBoItzmann -1 -1
AStrgmp k= 2:303R log A - log <h7 - log T|J K" mol
Planck
e = Euler's Constant = 2.7182818

or
AS*rempk = 19.147 [log A =10.753 - log T| J K" mol"
This work

Bunnett's AS* Equation in Entropy Units

e kBoltzmann E¢
AS? =4_576{|og k - Iog<7 -log T+——
Temp K Npianck 4.576T
where log k =log A - log _E'
9 9 9 4.576T

and e = Euler's Constant

or
_ - - 1 mol!
AS*Temp K= 4576 [Iog A -10.753 - log T} cal K" mol™ ore.u.

2a—»3a AS#g;; Calculations

ASFgs = 19.147 [14.951 - 10753 - 2522 J K" mol”
AS*agq = 19.147 [14.951 - 13.275 | J K" mol”
AStge5x=19.147[1.676] J K" mol”

AStgaak= +32.09 JK' mol

Anslyn-Dougherty

2a-»3a AS¥33; Calculations
ASty5 ¢ = 4.576 [14.951 -10.753 - 2.522 |cal K" mol or e.u.
AStass = 4.576[1.676] cal KT mol! ore.u.

AS¥45 <= +7.669cal K’ mol ore.u. x4.184

- -1 -1
AS*333 k= 13209 JK' mol

Significantly, the AS* values so obtained matched up perfectly well with the AS* 333 x Value that we

had derived using Avery’s equation.” This agreement thus confirmed that our method was sound.

Finally, the enthalpy of activation AH* and the free energy of activation AG* for the unimolecular

ring-opening of 2a were also calculated from the experimentally-derived data in the following way:

AHf = E,- nRT .". AH* = 39.6269 -

1x8314x333 | | ol

1000

AH¥ =39.6269 - 2.77 = 36.86 kJ mol"' = +8.8 kcal mol’

Since AGY = AHY-TASH

-~ Gt 3686 - 3333209

kJ mol!
1000

S AGH= 36.86 —10.69 = 26.17 kJ mol! = +6.25 kcal mol*
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1.5 Our Mechanistic Interpretation of The Arrhenius Parameters Obtained for the 2a->4a

Conversion: Support for An Entirely Free Radical E,1 Mechanism For Cyclopropane Ring-Opening

Clearly the large positive log A value of 14.951 that is seen here for the ring-opening of 2a in PhMe
at 333 K, and its accompanying AS'335¢of +#32.09 J K mol™ (+7.67 e.u.) only satisfactorily align with
a single molecular entity (2a) entering the rate-determining step (r.d.s), and it undergoing
homolytic cyclopropane ring-cleavage as shown in Scheme 4. The log A of 14.951 that was
observed lies well within the range that one would normally see for cyclopropane radical
homolyses,2b which typically give log A values of 13.29-16.11.%° The fact that our log A sits right in
the middle of this range of values possibly reflects some of the rotational freedom that is lost when
the new C=C double bond forms in the r.d.s. Nonetheless, its high magnitude does strongly point
to this being a unimolecular ring-opening event that is proceeding via a “very loose”, but still cyclic,
solvent-stabilised radicaloid activated complex, in which partial homolytic bond cleavage and

partial radicaloid bond formation are both at advanced stages by the mid-point of the reaction.

Once formed, the activated complex can then either revert to 2a or eventually undergo full E41

3b,c

homolytic ring-cleavage to produce the stannyl homoallenyl radical 3a (Scheme 4),”>* with 3a then

going on to H-atom abstract from the BusSnH by the Sy2 pathway shown, to finally produce 4a. A

key component of this mechanistic scheme is 2a itself arising from a reversible_O-directed stannyl

radical addition to the alkyne carbon that is a- to the propargylic alcohol group.>*”*°

Reversible
Complexation, Reversible
and S,;2 H-atom Su2 O-Directed
Abstraction n Bu;Sn' Addition
Bu3SnH (2 equiv) Bu3§1 OH O BuzSn.. OH O
Et3B (0.1 equiv)
% "o, PhMe 7 Wﬂt
Me M Me Me e
v/?/t 293-353 K
1-BuzSnH 1-Bu3Sn Radical
Complex Complex
In = Et’, Et,B-O-O", BuzSn’
Serves as an
initiator radical (2)-2a 3a
BusSn” E, = + 9.47 kcal mol!
logA = 14.951s™
+ ~ A= 8.93x10"s" P
Bussn—&HK AStga5 = +32.09 J K mol!
OH O .
rﬂ‘\. BusSnH N, QH 9 Eud A ( oH 9
Me ” “OMe sz WOMG - OMe
BusSnMe Me H BusSnM€ Me Elimination uSSnMe Me
4a 3a (2)-2a

Scheme 4. The sequential O-directed stannyl radical addition/E41/Sy2 mechanistic pathway that

most satisfactorily rationalises the formation of 4a from 3a and 2a in the non-polar PhMe solvent.
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1.6 The Arrhenius Parameters Obtained for the 2a->4a Conversion in PhMe Do Not Support
Stannylvinyl Cation Involvement in the Mechanism of the Cyclopropane Ring-Opening of 2a
The high log A of 14.951 observed for the ring cleavage of 2a in PhMe over the temperature range

293-353K is at great odds with the stannylvinyl cationic mechanistic hypothesis that was recently

6a-6d f

put forward for alkyne hydrostannation, and further propagated by two recent reviews,®

>% In the stannylvinyl cationic mechanistic theory,® a fast

despite prior controverting reports.
“outer sphere” single electron transfer (SET) oxidation event is proposed to occur involving the
stannylvinyl radical and O,. In the present instance, this would ultimately afford the solvent-
separated solvated stannylvinyl cation ion pair 21, which would subsequently undergo
cyclopropane ring cleavage, either by the polar unimolecular mechanism of Scheme 5, where
Bu3SnH reduction of the carbocation 22 would occur (lonic Reduction Mechanism 1) (see below)

or by the direct bimolecular BusSnH reduction mechanism shown in Scheme 6 (lonic Reduction

Mechanism 2) (see page 33).

lonic Reduction Mechanism 1 Electronically Less Stable
Single Electron T
Transfer (SET) "0-0" OH O
BusSn  OH O to O, SOLVATED
~ _ toforma BuzSn % Y. OMe | CONTACT
Non-Regioselective Y "OMe ~ peroxide lon MeMe FISPR
Non-O-Directed Me Me  stannylvinyl Cation 20
BuzSn* Addition 0-0° 19 Contact lon Pair i
; Fast
OH O BusSnH (2 equiv) J 1,2-Stannyl Shift
P ~~OMe Et3B (0.1 equiv)
7 M Me 0,, PhMe ) . -t
1 ‘0-0° ?_lnglefElegtég? 0-0O
ransfer OH O
S ¢ e
Continuation of N " “OMe to form a Y . "OMe 1ON
the catalytic cycle fu.suMe Me Peroxide lon Bugsti Me Me PAIR
3 Stannylvinyl Cation 21
. (2)-2a Contact lon Pair -
B“f” Electronically More Stable
(o) suggoe;(t)(;d to be SOLVATED Entropicall
25 . SOLVENT-SEPARATED =ntropically
a"redox catalyst STANNYLHOMOALLENYL Disfavourable
o 23 ION PAIR
BuzSn-0”
3 snBu, N\ .
+ H 0-0 SOLVATED
oH o ) ) OH O SOLVENT-
Me. ., < fomie |, OH o DLILLEEE IS Y0 e IS vy
~“OMe Reduction A Opening 2 md Me
g OMe Bu;SH CATION
BuzSn Me Me - ION
BuzSn Me Me PAIR
4a 22 21

ACCORDING TO BERGMAN?3? AND HANACK,?! a-CYCLOPROPYL-
VINYL CATIONS ARE ELECTRONICALLY-STABILISED BY ELECTRON
DONATION FROM THE CYCLOPROPANE RING, AND SHOW LITTLE REAL
TENDENCY TO UNDERGO E1 RING-OPENING TO HOMOALLENYL CATIONS

Scheme 5. The untenable “outer sphere” SET/stannylvinyl cation reduction mechanism®™ as
applied to the alkynol 1 with BusSnH/Et3B/O; (lonic Reduction Mechanism 1). It can be ruled out
on the basis of the log A data reported here, our prior stannylvinyl radical EPR spectroscopy,3d and

by our unsuccessful cation capture studies when 1 was hydrostannated in THF:H,0 (4:1).%¢
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Background. In the stannylvinyl cation mechanistic theory of alkyne hydrostannation with tin
hydrides and radical initiators,® it is postulatedsa"d that a non-coordinatively controlled, non-
regioselective, addition of a tin radical occurs at either alkyne carbon of propargylically-oxygenated
dialkyl acetylene substrates. As applied to 1, this would require that a mixture of the stannylvinyl
radicals 19 and 2a is formed (Scheme 5), which would then engage in a fast “outer sphere” single
electron transfer (SET) with O,, to initially provide the solvent-caged contact ion pairs 20 and 21.
To arrive at 4a, the theory® then demands that the less inductively stable of these two solvated
stannylvinyl cation ion pairs, 20, will undergo a fast, 1,2-tributylstannyl shift to produce the
solvent-caged contact ion pair 21 virtually exclusively, which would then solvatively separate into
its constituent ions, before engaging in cationic reduction either by the two-step lonic Reduction
Mechanism 1 of Scheme 5, or by the one-step lonic Reduction Mechanism 2 of Scheme 6 (see

page 33 of this Sl).

lonic Reduction Mechanism 1. Given that Sherrod and Bergman,30 and Hanack®! have both noted

that a-cyclopropylvinyl cations generated from 1-cyclopropyl-1-iodoalkenes do not willingly

undergo cyclopropane ring-opening under solvolytic conditions, one can reasonably assume that

the transition of 21 into 22 would be rate-determining, if the lonic Reduction Mechanism 1 of

Scheme 5 prevailed.

If one accepts this key tenet, then in the non-polar solvent PhMe, one would expect a cationic
unimolecular ring-opening of this sort to be associated with significant solvent electrostriction, and
a massive loss in translational entropy, as the solvated contact ion pair 21 attempted to transit into

the activated reaction complex that would produce 22.

In such a mechanism, a solvent-induced dissociation of the peroxide anion away from the newly
formed stannylvinyl cation of 21 would almost certainly be a requirement, to unmask the strong
positive charge on the vinylic carbon, needed for the key fissive ring-opening event to effectively

proceed.

However, given the very low dielectric constant of PhMe (g = 2.38), it is hard to imagine how such a
solvent could ever bring about such an effective charge separation, or solvatively stabilise the
developing activated complex needed to induce cyclopropane ring-opening to give 22. Rather, a

polar activated complex of this sort would initially repel PhMe.
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In fact, if initial electroneutrality already prevailed within the solvated contact ion pair form of 21
in PhMe, there would have to be significant solvent intercalation and massive bulk solvent
reorganisation, to enable a full charge separation of that ion pair to occur. Only then could a
stannylvinyl cation of sufficient electrophilicity be unmasked, to allow the requisite activated

complex to satisfactorily form to enable the cyclopropane ring-opening to proceed (Scheme 5).

In our considered opinion, such a solvent-induced ionic charge separation would simply not be
feasible in non-polar PhMe, due to the extremely strong attractive forces that would exist between

the two oppositely charged ions in that solvent, as estimated by Coulomb’s Law.

According to Kreevoy®* and Dill,** the electric field/force lines of two oppositely charged ions
always penetrate very deeply into non-polar reaction solvents of low dielectric constant; much
moreso than they ever do in solvents of high dielectric constant like H,0 (¢ = 78.54). Indeed in
PhMe, the electric field associated with two oppositely charged ions is so enormous that it would
likely extend over a distance of some 210 A (21 nm); the so-called Bjerrum length,*?> which
corresponds to the distance at which the Coulombic energy of attraction of one mole of ion pairs is

equal to the thermal energy RT required to separate them.*

How the Attractive Electrostatic Interaction Energy (F) Between Two Oppositely Charged lons is Affected by the
Solvent Medium and the Bjerrum Length (L gjerrum)

. = keezNAvo adro where
LB]errum &7 ~Avogadro
eMediumBT ke = the Coulomb or Electric Force Constant = 1/4mte,
e=qy=q, = e = charge on an electron =-1.6 x 107" C
Thus, for PhMe (epegium = 2-38) ata T = 333 K Navogadro = Avogadro's Number = 6.02214 x 1023

€Medium = Medium Dielectric Constant

1.386 X 10-4 Jm mo|-1 R = Gas Constant =8.314 J I'T1O|_1 K1

LBjerrum PhMe = T = Temperature in K and

2.38 x 8.314 J mol' K1 x 333K 2N
ke€?Nayogadro = ——ar9390. = 1.386 x 104 J m mol”

4me,
-4 -1
Ljerrum PhMe = 1.386 x 107 J m mol =210.3 A where 12 A2 11t e
6589.178 J mol™! g, =8.85x 107 C=J'm™" = the permittivity of a vacuum
4n = 12.568
LBjerrum

Since the Electrostatic Interaction Energy F = x RT Wwhere ris the ion separation distance, it follows that

for two oppositely charged ions separated by 2.81 A in PhMe, the Electrostatic Interaction Energy F =49.52 kcal mol!
and F =46.39 kcal mol™ when they are separated by 3.0 A

207.2 k I
Faoak =203 A L 8314 Jmol K1 x 333K = 227 2KI MO _ g 6o cal mol
281 A 4.184
210.3 A 194.1 kJ mol!
F =2 """ x8314Jmol"K'x 8383K=——""_"" = 46.39 kcal mol"’
ek 3.0A 4.184
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It further transpires that the Coulombic energy of attraction F between two oppositely charged
jons in an ion pair depends upon the distance between them, and would be of the order of +50.6
kcal mol™ if they were only 2.75 A apart in PhMe at 333 K. This value does, however, change to
+49.52 kcal mol™ at 2.81 A separation and ca. +46.39 kcal mol™ at a 3.0 A separation. Given that
such high energies of attraction will always exist at such short ion separations in non-polar PhMe, it
seems most unlikely that any solvent-mediated ion pair separation would ever be achievable in this
solvent at such a temperature, unless the SET event involved long-range electron tunnelling;
evidence for which has not been provided by the stannylvinyl cation-originating team,® in their
published mechanistic work. Moreover, while we recognise that F calculations of this sort do rather
simplistically treat the ions of an ion pair as rigid hard spheres, even so, they do give a very good
idea of the separation energy F and the overall energy input needed to bring about a complete ion
dissociation in PhMe, notwithstanding such calculations ignoring dipole-dipole, dipole-quadrupole,

and quadrupole-quadrupole type interactions.

Interestingly enough, the +50.6 kcal mol™ energy input that we have calculated would be necessary
to bring about a full ion separation of a typical contact ion pair in PhMe at 333 K, from an initial
inter ion distance of 2.75 A, accords very well with Alabugin’s polarisable continuum model (PCM)-
based calculation’® for the energy input (AE = +50.5 kcal mol™) required for trimethylstannylvinyl
radical electron transfer to O, in PhMe at 110 °C, with accompanying formation of a separated

solvated trimethylstannylvinyl cation superoxide anion ion pair.

Significantly, Alabugin’s computational calculations'’® confirmed that the energy input needed to
induce formation of such a solvent separated ion pair would be far too high to allow that type of
entity to ever readily form at temperatures of between 60 and 110 °C in PhMe, and the fact that
our own F calculations have shown that a similar energy input would be needed to effect a contact
ion pair ion separation in PhMe again indicates that the latter process would be equally

energetically unfeasible in the 21 system.

It is also important to point out that any ion pairs, generated in a non-polar solvent medium like
PhMe, would almost certainly cause considerable polarisation of the solvent in all of those regions
of the solvent that became subject to their respective electric fields during ion separation. The

resulting ion pair/solvent dipolar forces would then rapidly disperse through the bulk medium, to
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greatly restrict the random movements of all those solvent molecules that fell within the zones of
those electric fields, which, given the huge 210 A Bjerrum length® of two oppositely charged ions
in PhMe, would likely be a great many in number. This effect would also be multi-directional in its

nature due to the random movement of the putative ion pairs and reagent diffusion.

One of the main manifestations of this would obviously be a very severe restriction of the mobility
of all solvent molecules in the immediate vicinity of any putative developing charged activated
complexes derived from 21 en route to 22 (a process known as electrostriction). Such charge
development and solvent shell immobilisation would almost certaintly NOT be associated with a
high log A value, nor a strongly positive AS* but, instead, with a much lower log A, and a large

negative AS*.%32

It will thus be appreciated that the strongly positive AS*333¢0f +32.09 J K* mol™ (+7.67 e.u.) that we
have seen in the overall 2a->4a transition in PhMe is NOT what one would normally expect to see
for a genuinely cationic reaction pathway in which the rate-determining step was the unimolecular

heterolytic ring-cleavage of solvent separated 21 to give 22.

To illustrate this point still further, we draw very specific attention to the fact that most Syl
reactions generally have large negative entropies of activation associated with them when organic

solvents are the main or exclusive reaction medium, notwithstanding entropically-favourable

unimolecular bond-heterolysis occurring. This is due, primarily, to the substantial solvent
reordering that is always required to achieve heterolysis in pure organic solvents,* or even
aqueous binary organic solvent mixtures, when H,0 is present as only the minor solvent

component.

Additionally, many pure, low polarity, organic solvents like PhMe or benzene do not have the
ability to form multiple H-bonds, to favourably dissipate negative anionic charge through
complexation, which further hampers their ability to mediate ion pair formation and ion

separation.

Thus, Fainberg and Winstein®® found that t-BuCl underwent hydrolysis in 3:2 EtOH: H,0 with a AS*

of -15.5 J K* mol™ (-3.7 e.u.), and they noted that this AS* value decreased to -27.6 J K* mol™ (-6.6
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e.u.) as the EtOH constituency increased to 4:1 EtOH:H,0. Hughes and Cooper®’ likewise observed
alog A of 11.89 at 25 °C in 4:1 EtOH: H,0, which translated into a AS* of -25.6 J K™ mol™ (-6.12 e.u.)
for this heterolysis, which is in broad agreement with the Fainberg-Winstein AS* determination
that was reported subsequently.36 These recorded values of AS* are despite the Lgjerrym Of two
oppositely charged ions being just 15.66 A in 4:1 EtOH:H,O (w/w) (¢ =35.72 at 298 K) and the F
value being approximately +3.3 kcal mol™ at 2.81 A ion separation, which emphasises that it is not
just electrostatic attractions and Field Effects that are dominating the magnitudes of the AS*values
of reactions that involve the formation of ion pairs. In entirely analogous fashion, the Syl
hydrolysis of t-BuCl in 3:2 dioxane:H,0 was associated with a substantial negative AS*0f-29.29 J K
Y mol™ (-7.0 e.u.).* It will thus be appreciated that for Sy1 reactions in binary solvent mixtures, and
less polar solvents with large molecular masses, the processes of polar bond heterolysis are
generally associated with much greater degrees of solvent reorientation and entropy loss,

whenever those activated reaction complexes are attempting to form.

Only when neat 100% H,0 was used for the t-BuCl hydrolysis performed at 25 °C did Fainberg and

Winstein®® observe that it reacted with a large positive AS*of +51.04 J K* mol™ (+12.2 e.u.).

This ability of H,O to essentially non-electrostrictively surround and stabilise a polar activated
complex that is transitioning into an intimate ion pair is unique, for it allows for much more facile
charge separation in the developing ion pair transition state, which can now become considerably

looser and more entropically-free (and product-like) as measured by the large positive overall AS*.

Another way of thinking about such reactions is as follows. Whenever pure H,0 is employed as the
reaction solvent for the Syl solvolysis of a tert-alkyl halide, due to its very high dielectric constant
(e = 78.54), this lowers the Bjerrum length between the two newly emerging oppositely charged
ions to just 7.12 A at 298 K, which means that the Coulombic energy of attraction F between the
two ions is now a mere +1.5 kcal mol™ when those ions are just 2.81 A apart, which is negligible.
Such a weak attractive interaction is relatively easy to thermally disrupt. This contrasts very
profoundly, however, with the Coulombic energy of attraction F that exists between two such
oppositely charged ions in PhMe at 3 A separation, where the F can now be estimated to be
approximately +46.39 kcal mol™ at 333 K; a value so large that it effectively prohibits facile ion

separation from ever occurring in that solvent at that temperature.
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In essence, because of the very high dielectric constant of H,0 (¢ = 78.54), when it solvates a
nascent activated complex of a tert-alkyl halide that is separating into two oppositely charged ions,
the super-efficient solvation that occurs serves to completely ablate the huge Coulombic attractive
forces that would otherwise confound and prohibit heterolytic bond fission in a much lower

dielectric solvent such as PhMe.

This greatly enhanced ability of H,0 to more effectively solvate and promote the transition of a
neutral dipolar molecule into the loose polar activated complex needed to undergo full heterolysis
is thus not associated with the severe electrostriction that is often seen in organic solvents, or the
binary solvent mixtures in which they predominate, and this property helps to explain the huge
positive increase in the AS* that was seen by Fainberg and Winstein®® during the hydrolysis of t-

BuClin 100% H,0.

Basically, pure organic solvents and aqueous organic solvent mixtures always have much lower
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dielectric constants than pure H,0 itself, and this inevitably increases the Bjerrum lengths
are associated with any developing activated complexes that are attempting to transit into ion
pairs in those solvent media. This, in turn, leads to greatly increased solvent electrostriction and
significanty decreased solvent movement® in the vicinity of the polar activated complex itself, as
well as far beyond it. Such factors thus serve to make reactions that involve ion separation far
harder to achieve in low polarity solvents. This is why solvolyses of tertiary alkyl halides are

typically associated with substantive negative AS* values in solvents that are primarily organic in

their nature, but these are not the sole factors that determine outcome (vide infra).

In full agreement with these observations, Moelwyn-Hughes and Biordi*® recorded a negative AS*
of -15.73 J K* mol™ (-3.76 e.u.) for the solvolysis of t-BuCl in neat dry MeOH (¢ = 32.7) at 25 °C,
while Fainberg and Winstein®® recorded a AS*of -3.1 e.u. (-12.97 J K* mol™) for this same solvolysis
in MeOH. Cowie and coworkers® also found that t-BuBr underwent hydrolysis in 70% Me,C0:30%

H,O with a AS* of -42.68 J K* mol™ (-10.2 e.u.) at 50 °C. Acetone has an ¢ = 21.
Analogously, Sherrod and Bergman® observed a large negative AS* of between -88.70 and -83.68

K* mol™ (-21.2 and -20.0 e.u.) for the high temperature Syl solvolysis of 1-cyclopropyl-1-

iodoethylene with 1 equiv of EtzsN in MeOH, which proceeds via an a-cyclopropyl-vinyl cation.
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The key point being made here is that, typically, the formation of solvated charged contact ion
pairs, or solvent-separated ion pairs, is highly entropically disfavoured in solvents of low-polarity
such as PhMe, due to the huge field effects and flux lines that inevitably arise, which require
massive solvent reorganisation to occur, which inevitably translates into large negative AS* values

being seen for most such reactions, and accompanying log A values that fall well below 13.

A similar entropically unfavourable solvent reorganisation would almost certainly be required for
any cyclopropane ring-opening event that involved the solvated contact ion pair 21 in_non-polar
PhMe. It would thus be extremely unlikely that such an electronically-destabilised activated ring-
opening complex would ever willingly form from the electroneutral solvated contact ion pair 21 in
that solvent. We also doubt that any of the solvent separated ion pairs 21 or 22 would ever readily

form in the mechanistic pathway to 4a from the stannylvinyl radical 2a.

In our view, the log A of 14.951 that was recorded for the ring-opening of stannylvinyl radical 2a in
PhMe at 333 K, and its accompanying AS*of +32.09 J K™* mol™ (+7.67 e.u.), are totally incompatible
with lonic Reduction Mechanism 1 (Scheme 5) being the source of 4a. Nor does this log A support
the idea that a stannylvinyl cation-containing ion pair® more generally is forming in the non-polar
solvent PhMe under our O-directed free radical hydrostannation conditions,® contrary to the

experimentally unsupported assertions of those who advance the stannylvinyl cationic theory.®

It is a log A value that only mechanistically aligns with the “electrically neutral”, unimolecular,

homolytic ring cleavage process shown in Scheme 4 being the r.d.s for this reaction in PhMe.>**

In this very connection, we must highlight here how we have hitherto been unable to trap the
putative primary stannylhomoallenyl cation of the hypothesised contact ion pair 22 with H,0,** to
obtain the corresponding primary alcohol, and we have been equally unsuccessful at trapping the
stannylvinyl cations® of the putative ion pairs 20 and 21 with H,O, notwithstanding Sherrod and
Bergman having readily intercepted such a-cyclopropyl-stabilised vinyl cations with H,0 with great
ease; these workers having secured o-cyclopropyl ketones in good yield from such efforts.*® The
fact that Velgraki and Stratakis*® have also successfully trapped gold-stabilised a-cyclopropylvinyl

cations in 4:1 THF:H,O mixtures at rt, further substantiates our claim that 21 and 22 cannot be
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intermediates in the pathway where 2a is converted into 4a, as would be claimed by proponents of

the stannylvinyl cation alkyne hydrostannation theory.®

Of great relevance here is the fact that Bergman®® and Hanack® have each independently
proposed that the positive charge in secondary a-cyclopropyl-vinyl cations is very strongly
hyperconjugatively stabilised by electron-donation from the cyclopropane ring into the empty
carbocation p-orbital; provided that this orbital is aligned syn- with respect to the two proximal C-C
bonds of the cyclopropane ring. This cation-stabilisation effect would thus strongly disfavour
spontaneous cyclopropane ring-opening, due to the ring-opened primary carbocation of the new

ion pair not enjoying such excellent charge stabilisation, nor any activated complex en route to it.

Finally, whenever PhMe or CgHg have been used as the solvents for any of these O-directed alkyne
hydrostannations, never has any product of electrophilic aromatic substitution of the aromatic
solvent been encountered.? One would surely see such a product if a putative stannylvinyl cation®
was indeed a genuine intermediate. Naturally this casts further doubt on the stannylvinyl cation

mechanistic theory for alkyne hydrostannation6 under the cat. Et;B/O,-initiated conditions.

On account of these collective outcomes, lonic Reduction Mechanism 1 can effectively be ruled

out as playing any role in the transition of 2a->4a.

lonic Reduction Mechanism 2. The alternative lonic Reduction Mechanism 2 (Scheme 6) can

equally well be discounted for explaining how the 2a->4a conversion proceeds. This is because such

a bimolecular “associative” “Sy2”-type ionic reduction of the stannylvinyl cation in 21 would lead to
a considerable loss in translational entropy during the key “rate-determining” reductive ring-
cleavage step. In fact, a bimolecular r.d.s of this sort would typically be associated with a much
lower log A of 5-11, and a strongly negative entropy of activation® due to the massive decrease in
translational entropy that would inevitably accompany formation of the solvated, charged,
bimolecular activated complex in PhMe, and the strict requirements for correct orbital overlap and
alignment to form the partial bonds of the activated reaction complex that would lead to

stannylallene 4a.
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lonic Reduction Mechanism 2
SnBu3

r H/) -0-0'

OH O OH O .
& . Me\,r”\. + /O
OMe OMe Bu3Sn-O

BU3Sn Me Me
21 4a 23

gOLVENT-SEPARATEB
STANNYLVINYL CATION
ION PAIR

— ¥

BU3Sh Me Me

Scheme 6. lonic Reduction Mechanism 2, proceeding via 21 (solvent-separated), would be
incompatible with the high log A value of 14.951 observed for the conversion of 2a into 4a, due to
the highly associative bimolecular nature of the solvated activated complex that would need to
form, the requisite tin-stabilisation of the cation, and the substantial solvent reorganisation that
would likely be required to separate the initially formed electroneutral contact ion pair into the
solvent-separated charged ion pair needed to initiate such an Sy2-type ionic reduction event. Like
lonic Reduction Mechanism 1, lonic Reduction Mechanism 2° can effectively be ruled out and

considered mechanistically unviable® on the basis of the log A and the positive AS*data’ at hand.

Entropically unfavourable, solvent-mediated, contact ion pair separation of electrically neutral 21
would also likely be a key requirement for the aforementioned lonic Reduction Mechanism 2 to
proceed in non-polar PhMe. Clearly, such an electrostrictive charge separation would be a
necessity to unmask the full positive charge on the vinylic cation component of 21 to facilitate the
aforementioned “Sy2” ionic reduction event. Like the concerted bimolecular reduction itself, such
electrostrictive behaviour would once more be associated with a large negative AS* in PhMe. On

these grounds, this mechanistic thesis can equally well be rejected.

Further Comments. It is also difficult to imagine how any charged contact ion-pair such as 21
would not immediately self-react to some significant degree in PhMe to give 24 and thereafter 25
(Scheme 7), given the fact that the newly created superoxide anion would be negatively charged
and far more nucleophilic than its neutral tri-n-butyltin hydride counterpart. The fact also that it
would be sitting right at the heart of the solvated ion pair cage of 21 would seemingly mandate

this.
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Moreover, primary alkyl hydroperoxides are readily synthesised by direct Sy2 displacement of alkyl
bromides with 2 equiv of ag. H,0, in the presence of CF;CO,Ag, and they are not unduly unstable
under neutral conditions, having previously been prepared and isolated by Davies and Roberts.*!
Yet, there was no sign of any hydroperoxide products such as 25 (or derivatives thereof) in the

hydrostannation of 1 in PhMe (Scheme 7).

¥

y T0-O OH O OH O

’) OH O 'O_O/\,J"‘\. HO_O/\H"‘\.

& oMel —X— ~OMe _BusSnH _ ~~OMe
i 21 24 25

Not Observed

SOLVATED

CONTACT

ION PAIR

Scheme 7. Hydroperoxide products such as 25 were never seen in our free radical
hydrostannations of 1. If lonic Reduction Mechanism 2 was genuinely operative, one might see

such products co-formed.

The presence of a nucleophilic hydroxy within the cationic component of ion pair 21 would provide
yet another pathway for self-reaction, if such an ionic intermediate® was indeed genuinely forming
in PhMe. Again, however, we saw no evidence for the formation of ether-type products in our
hydrostannation of 1, which further argues against the intermediacy of a stannylvinyl cation® in

these O-directed dialkylacetylene free radical hydrostannations.>***°

Therefore, on the basis of us investigating this mechanistic problem in a manifold way,?®® using a
wide variety of experimental techniques, we have been able to firmly rule out the existence of
stannylvinyl cations® in alkyne hydrostannation reactions mediated by tin hydrides under the cat.

Et3B/0, (or AIBN) initiated conditions, in both PhMe and in other solvents that include THF/H,0.3

Some of those aforementioned experimental techniques have included EPR spectroscopy3d to
characterise the triphenylstannylvinyl radicals of some of these O-directed dialkyl acetylene free
radical hydrostannation reactions with PhsSnH/cat. EtsB in PhMe. The fact that the shortest
timescale of EPR spectroscopy is of the order of microseconds, yet we have been able to routinely

observe triphenylstannylvinyl radicals for prolonged periods at temperatures of between -50 °C
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and -10 °C in the presence of 0, only helps to further confirm that the hypothesised® single

electron transfer event involving O, is NOT occurring as stated in the various iterations of the

stannylvinyl cation mechanistic theory that have so far appeared.®

The above EPR work®® has also unambiguously confirmed that it is “O-directed”
triphenylstannylvinyl radicals that are primarily being formed in these reactions and, this very fact,

has allowed us to confidently restate that this process is indeed predominantly O-directed®*’***

under the standard, reasonably concentrated, experimental reaction conditions that we® and

6,16-19,42

others typically use to run such free radical hydrostannation reactions. This counters other

6

experimentally-unsupported proposals,®'® which _have not seemingly taken into account the

changing regiochemistry® that is observed in these tin radical additions as the stannane

concentration changes, which clearly rules out exclusive electronic regiocontrol in such

propargylically-oxygenated dialkyl acetylene systems at higher stannane concentrations.

In fact, it almost goes without saying that high stannane concentrations will promote

intermolecular 0-Sn coordination®**"*°

in these hydrostannations, but we will restate this here for
the record. For this very reason, we strongly advise that all such processes are always generally
conducted at higher stannane concentrations, within the limits of experimental expediency of

course.

Finally, Alabugin and his team'” ** have gone to great lengths to provide very strong and convincing
computational support for such a propargyloxy O-Sn radical coordination event beneficially
occurring, in their recent NBO calculations and modelling of these O-directed alkyne free radical
hydrostannation reactions. They have also shown that such O-coordinated Sn radicals generally
always prefer to add to the a-alkyne carbon, due to this mode of addition giving rise to a
significantly lower energy stannylvinyl free radical."’*' This powerfully elegant and insightful work

17,42

by Alabugin and his team warrants special commendation, for it has controverted many

incorrect mechanistic ideas associated with the stannylvinyl cation theory,Ga'd

and it has very
strongly supported not just our own 2005 experimental contributions to the O-directed
disubstituted acetylene free radical hydrostannation area,>* but also those excellent experimental

17,42

contributions from the Alabugin laboratory themselves. It has additionally confirmed the earlier

O-directed assertions of the Taddei/Nativi'® and Geilen/Willem®® laboratories beforehand.
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Part 2. An Estimate of the K;i,gopening Of the
Cyclopropane Ring in the Tri-n-Butylstannylvinyl
Radical 13 in PhMe at Different Temperatures and

the Arrhenius Parameters Derived Therefrom
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2.1 The Experimentally Determined Average Ratios of 15:16 Obtained from the O-Directed

Hydrostannation of 12

OH BuszSnH, PhMe OH

OTBDPS  EtB (0.1 equiv) NOTBDPS
0,, T°C, 24 h (213

BU3SH

Z
12
kring-opening

kH-atom abstraction

BU3SHH
OH
S OTBDPS
BU3SI’] 14 Y
iBue,SnH
OH
OH +
N OTBDPS Ny ~-OTBDPS
M
eBu3Sn 15 BuzSn 16
Run 1 Run 2 Eu? 3 g“? 4 Run AvFelpai;ed
ToC Ratio Ratio atio atio Total Value of
1516 1516 1516 1516 1516 1516
LH-I-89 LH-I-90 LH-I-93 LH-I-94
40°C 2x0471 2x043:1 2x040:1 2x0.44:1 3.48 - 0.87:1

=094:1 =086:1 =080:1 =0.88:1 4

LH-I-91 LH-1-92 LH-1-95 LH-1-96
50°C 2x0.7221 2x0.76:11 2x0.71:1  2x0.70:1 5.78 4 1.45-1

=144:1 =152:1 =142:1 =140:1 4

LH-1-85 LH-1-86

60°C 2x0.97:1 2x1.02:1 — —
=194:1 =204:1

w

N(©

3]
=

1.99:1

LH-1-77 LH-I-78 LH-1-87 LH-1-88

70°C 2x1.251 2x1.081 2x1.56:1 2x1.38:1 10.54 4 2.64:1
=250:1 =216:1 =312:1 =276:1 4

LH-1-73 LH-I-74 LH-1-83

80°C 2x204:1 2x1.90:1 2x2.50:1 —_— 12.88 1 4.29 : 1
=408:1 =23.80:1 =50:1 3
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The ratios of 15:16 were numerically determined by 'H NMR spectroscopy of the crude
concentrated reaction mixture in CDCls. The latter determination involved a comparison of the
numerical integral of the olefinic resonance at 8 5.55 ppm for the vinyltin product 16 with the
corresponding integral for one of the two allenyltin diastereomers of 15. Specifically, the allenyltin
15 gave rise to two separate allenic proton signals at 8 4.77 and 4.71 ppm, which were attributable
to the two geometric isomers that always formed non-stereoselectively as a 1:1 mixture. The
allenic resonance at 0 4.71 ppm was the one that was typically used to make these ratio
comparisons, since this signal was typically unobscured by impurities. However, in some instances,
where there was an obvious overlapping impurity, it was found necessary to perform the
integration on the 8 4.77 pm triplet of doublets in order to obtain an accurate quantifying integral
value. In either case, it was always necessary to multiply the numerically measured integral for the
0 4.71 or 4.77 ppm resonance by a factor of 2, to obtain the real ratio of 15:16 formed in each
reaction run at the specified temperature. The ratios of 15:16 were then averaged at those
specific temperatures (eg. at 40 °C), and it is these averaged ratios that have been used for the
various Kring-opening determinations shown below for the conversion of 13 into 14 and thence 15 at
the various temperatures studied. While at higher temperatures above 70 °C there is an
increased +16-18% variation in the ratios obtained, relative to the averaged ratio, when these
reactions are run below 70 °C, the deviations in ratio are much lower and correspond to an overall
measurement error that is approximately £ 2.5-8% which, in both cases, is perfectly reasonable for
a thermally mediated radical reaction. In fact, variable kinetics are often a hallmark of free radical

reactions and such variations are thus to be expected.
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2.2 The Kiing-opening and Arrhenius Data Obtained for Stannylvinyl Radical 13 and Our Mechanistic

Interpretation of That Data

As already indicated:

[Allenyltin]

Vinyttin] 0" 2)

kring-opening = [(R)3SnH] X Kii_atom abstraction

Consequentially, using equation 2 and the above averaged ratios of 15:16 obtained at 0.2 M

[BusSnH] in PhMe, the following Kiing-opening CONstants and their 10g Kring-opening Values were

determined for 13 at each temperature specified:

At 313 K: K ring-opening 13,313k = [0.2] X 2.32x10%x 0.87/1 = 4.0368 x 10" s™.

At 323 K: K ring-opening 13, 323k = [0.2] x 2.51 x10%x 1.45/1=7.2790 x 10" s,

At 333 K: K ring-opening 13, 333k = [0.2] x 2.71 x10% x 1.99/1 =1.07858 x 10° s™.

At 343 K: K ring-opening 13, 343k = [0.2] X 2.906 x10° x 2.64/1 = 1.53437 x 10° s,

At 353 K: K ringopening 13,353k = [0.2] X 3.106 x10° x 4.29/1 = 2.66495 x 10° s,

The corresponding 1/T values that were used in the same Arrhenius plot are as follows:

1/313 K = 0.003194888. 08 K ring-opening 13, 313 k = 7.60604.
1/323 K = 0.003096. 108 K ring-opening 13, 323 k = 7.862072.
1/333 K = 0.003003. 08 K ring-opening 13, 333 k = 8.03285.
1/343 K = 0.002915. 08 K ring-opening 13, 343 k = 8.185930.
1/353 K = 0.0028328611. 108 K ring-opening 13, 353 k = 8.425688.
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The aforementioned 108 Kiing-opening 13 Values between 313-353 °K were then graphically displayed in
the form of an Arrhenius plot (l0g Kring-opening Of 13 v 1/T) in Excel; this plot is shown below.
Importantly, its intercept furnished a log A of 14.549, which confirmed an E41 radical-induced ring-
opening mechanism was again operating. The aforementioned Arrhenius plot also had a slope of -

2169.4 and an r” = 0.99234, which indicated a 99.2% quality of data fit.

Arrhenius plot of log k of 13 in PhMe vs 1/T

ring-opening
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From that slope, the E, was calculated to be 41537.809 J mol™ ‘or +9.921 kcal mol™ (i.e. 9.92 kcal

mol’l). That E, calculation is set out below to show our method.

From the slope: Eg ring-opening 13 = ~(-2169.4) x 2.303 x 8.314 J mol!
. Earing-opening 13 = 41537.810 J mol"'= 41.5378 kJ mol"!

. Earingopening13 = 41.5378 kJ mol! (x 0.238846) = +9.921 kcal mol -’

This value compares very favourably with the experimentally-derived, two temperature point, E, of

+10.35 kcal mol™ deduced for the cyclopropane ring-opening of 13 using the logarithmic form

2a (page 53)

(logyo) of the Arrhenius equation shown below:
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ol E,
[k  2.303R

T, - T;
T

log

which for the Kiing-openings @t 313 and 353 K gives

| 2.66 x 108 Ea 353 - 313
(0] = -
9 (404x107) " 2303x8.314 | 313353

which reduces to

E 40
log (6.58416)= ——2
2.303 x 8.314 \ 110489
or 0.81850 = E, 40
' 2.303 x 8.314 \ 110489

which rearranges to

0.8185004 x 2.303 x 8.314 x 110489 4
a= 20 J mol

= +43.289 kJ mol!
which when divided by 4.184

gives an Ej ring-opening for 13 = +10.35 kcal mol -

This used just two experimentally-determined King-opening Values for 13 at 313 and 353 °K in PhMe to
arrive at this calculated value, which is quite close in magnitude to Guo’s Ej ring-opening 13 Of +10.7 kcal

mol™ shown in Scheme 3 of our main paper.

However, given that our Arrhenius plot had used the five averaged Kiing-opening of 13 in phve data points
v 1/T and it had an r* value of 0.99224, this value must be considered the more reliable of the two

for the determination of the Ej ring-opening 13-

Nonetheless, the close level of agreement between the two E, values is most reassuring,
notwithstanding the 2 experimental data point calculation being +0.43 kcal mol™ higher in
magnitude than the E, = +9.92 kcal mol™ figure. Given the much greater degree of accuracy of the
Es ring-opening 13 = +9.92 kcal mol™ value, we suggest that this is the E, value that should be adopted in
all future Kring-opening Calculations involving 13 at different temperatures, and that it be used
alongside our experimentally determined log A value of 14.549 in the following Arrhenius

expression: 108 King-opening 13 = 14.549 —9.92/2.303RT.
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With regard to this log A of 14.549, it resulted in a AS¢333 « = +24.39 J K* mol™ (+5.83 e.u.) being

estimated for the ring-opening of 13 at the mean reaction temperature of 333 K (60 °C). This was

calculated as follows via the Avery equation® (page 67 of Avery’s book):

AS*333¢

J K mol!

1.38 x 1023 x 333
= 8.314 | (2.303 x 14.549) - 2.303 log -1

6.626 x 1034
AStyaa = 8.314[33.5063 - 2.303 log (6.935406 x 10'2) - 1 ]J K" mol"
AStysy = 8314335063 - 2303 (12.84107) - 1 | sk mor
_ - - 1 a1
AStygay = 8314 [33.5063 29.5730 1]J K mol
AStasak = 8.314[33.5063 - 80.5730]J K mol
AStygay = 8314 [+2.933|J K mol
_ A 1
AS*yaak = +24.388 J K’ mol
. +24.388 J K" mol! _ _ A4
S ASHgpk = 164 =+5.83 e.u. = + 5.83 cal K" mol

It was also reconfirmed by calculation using the Hale and Anslyn/Dougherty®’ simplified AS*

equations. Thus:

AStyask = 4576 [14.549 -10.758 - 2.522 |cal K mol™
ore.u.

AStgs = 19.147 [14.549-10.753 - 2522 |J K mol™ | ASt;., = 4.576[1.274} cal K" mol™ ore.u.

AS¢333 K= 19.147 {1274} J K_1 m0|_1 AS¢333K= +583008I K-1 mO|'1 ore.u. x4.184

AS*ag0 = +24.39 J K mol! AS¥aag = 12439 JKT'mol

Clearly, the high positive magnitude of this AS* value once more confirmed that a non-associative,

unimolecular, fissive E41 ring-opening was mechanistically operating in the transition of 13 into the

activated complex that ultimately resulted in radical 14 (and thence 15). This value further

reflected the substantial bond-loosening and increase in entropy that was occurring in the

activated complex as it was being formed, when compared with its precursor radical 13. Of course,

this activated complex had the choice of either reverting back to 13, or ultimately eliminatively
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transiting into the ring-opened homoallenyl radical 14, which then could irreversibly H-atom
abstract from the stannane via the Sy2 mechanistic pathway to give 15. The fact that the frequency

1 confirms that a

factor A of this unimolecular ring-opening of 13 to give 14 is 3.54 x 10" s
substantial number of these activated complexes have sufficient translational energy to
automatically transit into 14 at the mean reaction temperature of 333 K, once the inherent energy
barrier has been overcome, and this establishes that this unimolecular process is strongly
entropically favourable and has a product-like transition state. A log A = 14.549 most definitely
does not align with an associative bimolecular ionic reductive ring-opening of a stannylvinyl cation
intermediate, as would be advocated by some.® This log A value is slightly lower than that seen for
the 2a->3a transition, possibly because of the greater loss in overall rotational freedom/entropy
encountered in going from 13->14. This might be due to 13 having greater rotational freedom at
the very outset. However, most importantly, the large positive AS¢333 x of +24.39 J K* mol™ (+5.83
e.u.) most definitely rules out a bimolecular ionic reductive ring cleavage of a putative a-
cyclopropyl-B-tributylstannylvinyl cation® as having produced 15, since bimolecular reactions
always have negative As* values.? The large positive ASi333 x observed also confirmed that little in
the way of solvent immobilisation or electrostriction had occurred, which further ruled out a

stannylvinyl cation origin for 15 from the radical 2a, as would be advocated by some.°

From the E, of 41537.809 J mol™ or +9.92 kcal mol™ that was calculated for the ring-opening of 13
to give 14, we have been able to estimate a free energy of activation AGi333 k for this radical ring

opening event in PhMe. This calculation is shown below:

1x8.314 x 333 kJ mol!
1000

AH¥ =41.53781-2.77 = 38.77 kJ mol! = +9.26 kcal mol™!

AH¥ = E,—nRT .". AH¥ =41.53781-

333 x 24.39
1000

Since AGt= AH¥-TASt . AGt= 38.77 - kJ mol™

S AGY= 3877 -8.12 = 30.65 kJ mol! = +7.32 kcal mol™

The composite AG* value that we have determined here now puts a numerical figure on the
fundamental energy input needed to bring about formation of the activated complex for the
unimolecular radical ring-opening of the more rotationally free radical 13 to give 14, and the

relative contributions that the AH' and TAS' terms make to that overall AGi, as 13 transits into the
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activated complex that produces 14. Although endergonic at +7.32 kcal mol™, this experimentally
derived value of AGi333 k is well below the immense Coulombic energy of attraction (F = +46.39 kcal
mol™) that would be needed to separate the hypothetical stannylvinyl cation-superoxide anion
pair® by 3 A in PhMe, assuming that the hypothetical stannylvinyl cationic theory of reference 6
was invoked to be operating in this instance. Obviously, given the huge AG* input that would be
required to effect such an ion pair separation in the non-polar solvent, PhMe, it cannot possibly be
proceeding by such a mechanism. In fact, PhMe would only serve to destabilise any developing
polar transition state that could bring about cyclopropane bond fission into a stannylhomoallenyl
cation, or which involved a direct Sy2 ionic reduction of a stannylvinyl cation to give 15.
Energetically therefore, one can state with high confidence that such an experimentally
determined AG* value of +7.32 kcal mol™ is really only compatible with the much lower energy,
radical-induced, -scissive eliminative pathway giving rise to 15 from 13 (see Scheme 2/Table 2). A
homolytic ring-opening of 13 to give 14 also more satisfactorily aligns with the Guo calculations of
Scheme 3,%% and all of the other experimental data that has so far been gathered to date in this
area, which collectively supports an exclusively free radical mechanism for these dialkyl acetylene

O-directed hydrostannation reactions™ with both cat. Et;B/0, and AIBN initiators.’
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Part 3. Product Ratio Comparisons For the O-Directed
Free Radical Hydrostannation of Alkynol 1 with
Ph;SnH in PhMe
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3.1 The Experimentally Determined Average Ratios of 4b:5b Obtained from the O-Directed

Hydrostannation of 1

PhsSnH, PhMe OH O
OH O EtsB (0.1 equiv) o
» AN y e
=~ ). "OMe 0, T°C,24h i
7 md Me Physn M Me
1 (2)-2b
kring-opening
N OH O 3b
s owe | T P
Ph3SnMe Me atom abstractiol
lBu3SnH y
o~ OHO OH O
e .
Ph,Sn Mé Me Physn M€ Me
4b 5b
Final
Run 1 Run 2 Run 3 Run 4 Run Averaged
ToC Ratio Ratio Ratio Ratio Total  value of
4b:5b 4b:5b 4b:5b 4b:5b 4b:5b  4b:5b
200c HAW-VI-069 HAW-VI-070 HAW-VILO71 HAW-VIO72
293K)  1:4.58 1:4.75 1: 4.62 1:488 1: 1 1:4.71
HAW-VII-061 HAW-VII-062 HAW-VII-063 HAW-VII-064
40°C  1:1.98 1:1.89 1:2.03 1:178 1:7.68 1:1.92
(313 K) 4
HAW-VII-065 HAW-VII-066 HAW-VII-067 HAW-VII-068
0 . : . . 824 4 | 156:1
60°C  1.31:1 1.87:1 1.71:1 1.35: 1 7
(333 K)
HAW-VI-074 HAW-VIL075 HAW-VI-079 HAW-VI-080 _ _,
80°C  3.18:1 2.47 11 2.68 1 339:1 —g4 A |293:1
(353 K)

At 20 °C (293 K), from 4 independent reaction runs, the averaged ratio of 4b:5b (R = Ph) was

1:4.71.

Assuming that the Ky.atom abstraction phasnn Value for 2b is approximately 6.95 faster than the ky.atom

abstraction fOr 2@ from BusSnH, this allows one to calculate a tentative Ky-atom abstraction phasnn Value for 2b

as 1.36 x 10° mol™ s which, in turn, allows a tentative K ring-opening for 2 in Phme 293 k Of [0.2] X 1.36 x10° x

1/4.71=5.77 x 10’ s to be estimated.
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Part B. The 600.13 MHz 'H NMR and 150.90 MHz °C NMR
Spectra of the Tributylstannylvinyltin 5a and
Tributylstannylallene 4a in CDCI3
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%/‘/ Current Data Parameters
- NAME HAW-V-Bu3Sn Probe-(2) new
Hamish Watson EXPNO 10
HAW-V-047 PROCNO 1
Proton F2 - Acquisition Parameters
Ref: 0.00ppm (CDCl;-TMS) Date_ 20181202
Time 15.04
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 180286
SOLVENT CDC13
NS 64
DS 0
SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5
DW 27.733 usec
DE 7.60 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
== CHANNEL f
600.1337060 MHz
1H
10.00 usec

26.60000038 W

F2 - Processing parameters

SI 262144

SF 600.1300142 MHz
WDW EM

SSB 0

LB 0.10 Hz
GB 0

PC 1.00
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N \V/ V/ I\\NV% Current Data Parameters
NAME HAW-V-Bu3Sn Probe-(2) new
Hamish Watson EXPNO 10
HAW-V-047 PROCNO 1
Proton F2 - Acquisition Parameters
Ref: 0.00ppm (CDCI;-TMS) Date_ 20181202
Time 15.04
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 180286
SOLVENT CDC13
NS 64
DS 0
SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5
DW 27.733 usec
DE 7.60 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
== CHANNEL f
600.1337060 MHz
1H
10.00 usec

26.60000038 W

F2 - Processing parameters

SI 262144

SF 600.1300142 MHz
WDW EM

SSB 0

LB 0.10 Hz
GB 0

PC 1.00
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Hamish Watson

HAW-V-047
Carbon
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‘
N

NAME
EXPNO
PROCNO

Ref: 77.00ppm (CDCI;-TMS) Date_

Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

PCPD2
PLW2

PLW12
PLW13

ST
SF
WDW
SSB
LB
GB
pPC

220

T T T T T
200 180 160 140 120 100 8052 60 40 20 ppm

CPDPRG[2

W S W

HAW-V-Bu3Sn Probe-(2)

21
1

F2 - Acquisition Parameters

20181203
10.53
spect

5 mm PABBO BB/
zgpg30
119044

CDC13
1024
4
37500.000 Hz
0.315010 Hz
1.5872533 sec
186.92
13.333 usec
7.73 usec
300.0 K
1.00000000 sec
0.03000000 sec

CHANNEL f1 ========
150.9194058 MHz
13C
11.80 usec
85.00000000 W

CHANNEL f2 ========
600.1324005 MHz
1H
waltz64
80.00 usec
27.00000000 W
0.43891999 W
0.28090999 w

F2 - Processing parameters

131072
150.9028142 MHz
EM
1.00 Hz

1.40
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- NAME HAW-V-Bu3Sn Probe-(2) new
Hamish Watson EXPNO 2
HAW-V-047 PROCNO 1
Dept135 F2 - Acquisition Parameters
Ref: 77.00ppm (CDCI;-TMS) Date_ 20181203
Time 11.05
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG deptspl35.b
TD 119044
SOLVENT CDC13
NS 256
DS 4
SWH 35714.285 Hz
FIDRES 0.300009 Hz
AQ 1.6666160 sec
RG 186.92
DW 14.000 usec
DE 7.44 usec
TE 300.0 K
CNST2 145.0000000
) X | L D1 1.00000000 sec
1 D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
======== CHANNEL fl ========
SFO1 150.9178962 MHz
NUC1 13C
Pl 11.80 usec
P13 2000.00 usec
PLWO ow
PLW1 85.00000000 W
SPNAM([5] Crp60comp. 4
SPOALS 0.500
SPOFFS5 0 Hz
SPW5 18.08300018 W
======== CHANNEL f2 ========
SFO2 600.1324005 MHz
NUC2 1H
CPDPRG waltz64
P3 10.20 usec
P4 20.40 usec
PCPD2 80.00 usec
PLW2 27.00000000 W
PLW12 0.43891999 W
F2 - Processing parameters
SI 131072
SF 150.9028142 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
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Current Data Parameters

Hamish Watson NAME HAW-V-Bu3Sn Probe- (1)
HAW-V-050 e ¢
Proton
Ref: 0.00ppm (CDCI;-TMS) F2 - Acquisition Parameters
(’~‘——_ Date 20181130
Time 4.32
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 180286
SOLVENT CDC13
NS 64
DS 0
SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 22.13
DW 27.733 usec
DE 7.60 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300100 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
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Hamish Watson NAME HAW-V-Bu3Sn Probe- (1)
EXPNO 10

HAW-V-050 PROCNO 1

Proton

Ref: 0.00ppm (CDCI;-TMS) F2 - Acquisition Parameters
Date 20181130
Time 4.32
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 180286
SOLVENT CDC13
NS 64
DS 0
SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 22.13
DW 27.733 usec
DE 7.60 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144

J SF 600.1300100 MHz

WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
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Hamish Watson NAME HAW-V-Bu3Sn Probe- (1)
EXPNO 11
HAW-V-050 PROCNO 1
Carbon
Ref: 77.00ppm (CDCI;-TMS) F2 - Acquisition Parameters
Date 20181130
Time 5.18
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 119044
SOLVENT CDC13
NS 1024
DS 4
SWH 37500.000 Hz
FIDRES 0.315010 Hz
AQ 1.5872533 sec
RG 186.92
DW 13.333 usec
DE 7.73 usec
TE 300.0 K
D1 1.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 150.9194058 MHz
NUC1 13C
Pl 11.80 usec
PLW1 85.00000000 w
======== CHANNEL f2 ========
SFO2 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltz64
PCPD2 80.00 usec
PLW2 27.00000000 W
PLW12 0.43891999 W
PLW13 0.28090999 w
F2 - Processing parameters
ST 131072
SF 150.9028118 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
” PC 1.40
. R A A i 1
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Part C. The 600.13 MHz 'H NMR Ratio Determinations For
the Tributylstannylallene 4a and Tributylstannylvinyltin 5a
in CDC|3

57



HAW-VI1I-055
BusSnH (2 equiv),

oo™ o . N
ERRARY EtsB (0.1 equiv), SRR
R Pentane (cofsm=0.1M), v v svyv<v o«
VA 20°C, 24 h AR
Current Data Parameters
NAME HAW-VII-055-C
EXPNO 40
PROCNO 1
F2 - Acquisition Parameters
Date 20191127
Time 16.27
INSTRUM spect
PROBHD 5 mm PABBO BB/
H(3) 2 X H(3) PULPROG zg30
(dd) (dd) TD 180286
. SOLVENT CDC13
partially NS 64
\V/ rI DS 0
/ overlapped SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5
DW 27.733 usec
DE 7.60 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300142 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00

T ' T ' T ' T ' T ' T ' T ' T ' T ' T ' T ' |
4.38 4.36 4.34 4.32 4.30 4.28 4.26 4.24 4.22 4.20 418 ppm

1.000
1.513
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HAW-VII-056
BusSnH (2 equiv),

EtB (0.1equiv), £ 898 58
R Pentane (cofsm=0.1M), ~ v svv<v o<
VA 20°C, 24 h NEniaay
H(3) 2 x H(3)
(dd) (dd)
partially
/ overlapped
I I I I I I I I I I I ) |
4.38 4.36 4.34 4.32 4.30 4.28 4.26 4.24 4.22 4.20 418 ppm
S <
°. )

59

Current Data Parameters

NAME HAW-VII-056-C
EXPNO 50
PROCNO 1

F2 - Acquisition Parameters
Date 20191127

Time 16.36
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 180286
SOLVENT CDC13

NS 64

DS 0

SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 60.48

DW 27.733 usec
DE 7.60 usec
TE 300.0 K

D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H

Pl 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
ST 262144

SF 600.1300141 MHz
WDW EM

SSB 0

LB 0.10 Hz
GB 0

PC 1.00



HAW-VII-057
BusSnH (2 equiv),

Et:B (0.1 equiv).
A Pentane (c of sm = 0.1M), D S
VA 20°C, 24 T
H(3) 2 x H(3)
(dd) (dd)
partially
overlapped
I ) I ) I I ) I ) I ) I I I I )
4.38 4.36 4.34 4.32 4.30 4.28 4.26 4.24 4.22 418 ppm

1.000
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1.440

Current Data Parameters

NAME HAW-VII-057-C
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date 20191203

Time 21.11
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 180286
SOLVENT CDC13

NS 64

DS 0

SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5

DW 27.733 usec
DE 7.60 usec
TE 300.0 K

D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H

Pl 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
ST 262144

SF 600.1300141 MHz
WDW EM

SSB 0

LB 0.10 Hz
GB 0

PC 1.00



HAW-VII-058
BusSnH (2 equiv),

o~ NO o < O o 0
MRERER Et:B (0.1 equiv), I3 JJ38 AR
N Pentane (c of sm = 0.1M), S A
\ A 25°C, 24 TV T
Current Data Parameters
NAME HAW-VII-058-C
EXPNO 20
PROCNO 1
F2 - Acquisition Parameters
Date 20191203
Time 21.19
INSTRUM spect
PROBHD 5 mm PABBO BB/
H(3) 2x H(3) PULPROG 2930
TD 180286
(dd) (dd) SOLVENT CDC13
partially NS 64
DS 0
/ overlapped SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5
DW 27.733 usec
DE 7.60 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300149 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00

T ' T ' ' T ' T ' T ' T ' T ' T T T '
4.38 4.36 4.34 4.32 4.30 4.28 4.26 4.24 4.22 4.20 418 ppm

1.000
1.580
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HAW-VII-059
BusSnH (2 equiv),

EtsB (0.1 equiv),
R Pentane (c of sm = 0.1M), T e e
VA 25°C, 24h NERIAEy
H(3) 2 x H(3)
(dd) (dd)
partially
overlapped
I ) I ) I ) I I ) I ) I I I I )
4.38 4.36 4.34 4.32 4.30 4.28 4.26 4.24 4.22 418 ppm

1.000

62

1.545

Current Data Parameters

NAME HAW-VII-059-C
EXPNO 30
PROCNO 1

F2 - Acquisition Parameters
Date 20191203

Time 21.27
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 180286
SOLVENT CDC13

NS 64

DS 0

SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5

DW 27.733 usec
DE 7.60 usec
TE 300.0 K

D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H

Pl 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
ST 262144

SF 600.1300146 MHz
WDW EM

SSB 0

LB 0.10 Hz
GB 0

PC 1.00



HAW-VII-060
BusSnH (2 equiv),

EtsB (0.1 equiv).
N Pentane (¢ of sm = 0.1M), S -
VA 25°C, 24 AEniaay
H(3) 2 x H(3)
(dd) (dd)
partially
overlapped
I ) I ) I I ) I ) I ) I I I I )
4.38 4.36 4.34 4.32 4.30 4.28 4.26 4.24 4.22 418 ppm
= N
S 3

63

Current Data Parameters

NAME HAW-VII-060-C
EXPNO 40
PROCNO 1

F2 - Acquisition Parameters
Date 20191203

Time 21.35
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 180286
SOLVENT CDC13

NS 64

DS 0

SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5

DW 27.733 usec
DE 7.60 usec
TE 300.0 K

D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H

Pl 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
ST 262144

SF 600.1300138 MHz
WDW EM

SSB 0

LB 0.10 Hz
GB 0

PC 1.00



HAW-VII-037
BusSnH (2 equiv),

AN~ N O o 0 O N O 0 O N
e en Et;B (0.1 equiv), I3 SIS
M Pentane (c of sm = 0.1M), S
VA 30°C, 24 T
Current Data Parameters
NAME HAW-VII-037-C
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20191108
Time 15.35
INSTRUM spect
H(3) 2 x H(3) PROBHD 5 mm PABBO BB/
PULPROG zg30
(dd) (dd) TD 180286
. SOLVENT CDC13
partially NS 1
overlapped Ds 0
SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5
DW 27.733 usec
DE 7.60 usec
T TE 300.0 K
D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300136 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00

T ' T ' T ' T ' T ' T ' T ' T ' T ' T ' T ' |
4.38 4.36 4.34 4.32 4.30 4.28 4.26 4.24 4.22 4.20 418 ppm

1.000
2115

64



HAW-VI1-041
BusSnH (2 equiv),

Et:B (0.1 equiv),
77T Pentane (¢ of sm =0.1M), N
VA 30°C, 24h T
2 x H(3)
H(3) (dd)
(dd) partially
overlapped
I ) I ) I I ) I ) I I I I )
4.38 4.36 4.34 4.32 4.30 4.28 4.24 4.22 418 ppm

1.000

65

2.132

Current Data Parameters

NAME HAW-VII-041-C
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date 20191112

Time 21.54
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 180286
SOLVENT CDC13

NS 64

DS 0

SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5

DW 27.733 usec
DE 7.60 usec
TE 300.0 K

D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H

Pl 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
ST 262144

SF 600.1300135 MHz
WDW EM

SSB 0

LB 0.10 Hz
GB 0

PC 1.00



HAW-V11-042
BusSnH (2 equiv),

o m o e Mmoo oo
. < N —
Moo EtsB (0.1 equiv), N8 ddda NN
T7v7  Pentane (c of sm =0.1M), TYTOTITYT 7T
\ A 30°C, 24 h EEERIAEn
Current Data Parameters
NAME HAW-VII-042-C
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20191112
Time 22.05
INSTRUM spect
2 x H(3) PROBHD 5 mm PABBO BB/
H(3) (dd) PULPROG 2930
. D 180286
(dd) partially SOLVENT cDC13
overlapped e °0
SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 68
DW 27.733 usec
DE 7.60 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H
/ Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300134 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00

T ' T ' ' T ' T ' T ' T ' T ' T ' T ' T ' |
4.38 4.36 4.34 4.32 4.30 4.28 4.26 4.24 4.22 4.20 418 ppm

1.000
1.934

66



HAW-11-189
BusSnH (2 equiv),
Et3B (0.1 equiv),
PhMe (c of sm = 0.1M),

\ |/ 20 °C, 24 h \\\\ ///
2 x H(6)
(td)
partially
overlapped
H(5)
(dd)
""""" I D P D L I
5.4 5.3 5.2 5.1 5.0 4.9 4.8 4.7 ppm
g g
-~ N

67

Current Data Parameters

NAME HAW-11-189-C
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20180118

Time 12.42
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 180286
SOLVENT CDCI3

NS 64

DS 0

SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5

DW 27.733 usec
DE 7.60 usec
TE 300.0 K

D1 0.10000000 sec
TDO 1
======== CHANNEL f1 ========
SFO1 600.1337060 MHz
NUC1 1H

P1 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
Si 262144

SF 600.1300155 MHz
wbw EM

SSB 0

LB 0.10 Hz
GB 0

PC 1.00



HAW-11-189
BusSnH (2 equiv),

8888 Et;B (0.1 equiv), $9 8888 23
NN PhMe (c of sm = 0.1M), TY O OYYYY O Y¥
VY 20°C, 241 TV T
2 x H(3)
(dd)
partially
overlapped
H(3)
(dd)
I ) I ) I ) I ) I ) I ) I ) I ) I ) I ) I ) |
4.38 4.36 4.34 4.32 4.30 4.28 4.26 4.24 4.22 4.20 418 ppm
o N
S N
- ~

68

Current Data Parameters

NAME HAW-11-189-C
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20180118

Time 12.42
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 180286
SOLVENT CDCI3

NS 64

DS 0

SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5

DW 27.733 usec
DE 7.60 usec
TE 300.0 K

D1 0.10000000 sec
TDO 1
======== CHANNEL f1 ========
SFO1 600.1337060 MHz
NUC1 1H

P1 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
Si 262144

SF 600.1300155 MHz
wbw EM

SSB 0

LB 0.10 Hz
GB 0

PC 1.00



HAW-VI-171
BusSnH (2 equiv),

® oo T mooQ oo
mo 0o Et;B (0.1 equiv), NS SaNs §d
N PhMe (c of sm = 0.1M), TYOTYYYT Ty
VA 20°C, 24 AR
Current Data Parameters
NAME HAW-VI-171-C
EXPNO 30
PROCNO 1
F2 - Acquisition Parameters
Date 20190910
Time 15.39
INSTRUM spect
2 x H(3) PROBHD 5 mm PABBO BB/
PULPROG zg30
H(3) (dd) TD 180286
(dd) partially SOLVENT cDC13
NS 64
overlapped DS 0
SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 60.48
DW 27.733 usec
DE 7.60 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300139 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00

T ' T ' ' T ' T ' T ' T ' T ' T ' T T '
4.38 4.36 4.34 4.32 4.30 4.28 4.26 4.24 4.22 4.20 418 ppm

1.000
2.222

69



HAW-VII-052
BusSnH (2 equiv),

o o D e mooa oo
H < —
m' ™ Et3B (01 eC]UIV), N o~ N NN g NN
< PhMe (c of sm = 0.1M), -
|| 25°C, 24 h T
Current Data Parameters
NAME HAW-VII-052-C
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20191127
Time 16.02
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 180286
H(3) SOLVENT cDC13
NS 64
(dd) DS 0
SWH 18028.846 Hz
2 x H(3) FIDRES 0.100001 Hz
AQ 4.9999318 sec
(dfj) RG 60.48
partially DW 27.733 usec
DE 7.60 usec
overlapped TE 300.0 K
////” D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H
P1 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
SI 262144
SF 600.1300142 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00

T ' T ' T ' T ' T ' T ' T ' T T T T '
4.38 4.36 4.34 4.32 4.30 4.28 4.26 4.24 4.22 4.20 418 ppm

1.000
2.465

70



HAW-VII-053
BusSnH (2 equiv),

S va%t?’? (0f_1 equi(\),)m) SRR
000 e (cofsm=0. , TIIIITTTSY
N 25°C, 24 h ~\W\
H(5) 2 x H(6)
(dd) (td)
partially
overlapped
I
""""" I D N M L I L I
5.5 5.4 5.3 5.2 5.1 5.0 4.9 4.8 47  ppm
3 g
- N

71

Current Data Parameters

NAME HAW-VII-053-C
EXPNO 20
PROCNO 1

F2 - Acquisition Parameters
Date 20191127

Time 16.11
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 180286
SOLVENT CDC13

NS 64

DS 0

SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5

DW 27.733 usec
DE 7.60 usec
TE 300.0 K

D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H

Pl 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
ST 262144

SF 600.1300143 MHz
WDW EM

SSB 0

LB 0.10 Hz
GB 0

PC 1.00



HAW-VI11-053

BusSnH (2 equiv),

Et:B (0.1 equiv),
Ty PhMe (c of sm = 0.1M), YTy YOvY
VA 25°C, 24 T
H(3)
(dd) 2x H(3)
(dd)
partially
overlapped
.
I ) I ) I ) I ) I ) I ) I I I I )
4.38 4.36 4.34 4.32 4.30 4.28 4.26 4.24 4.22 418 ppm
(=} <t
= S
- o

72

Current Data Parameters

NAME HAW-VII-053-C
EXPNO 20
PROCNO 1

F2 - Acquisition Parameters
Date 20191127

Time 16.11
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 180286
SOLVENT CDC13

NS 64

DS 0

SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5

DW 27.733 usec
DE 7.60 usec
TE 300.0 K

D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H

Pl 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
ST 262144

SF 600.1300143 MHz
WDW EM

SSB 0

LB 0.10 Hz
GB 0

PC 1.00



HAW-VII-054
BusSnH (2 equiv),

73

™M — O 0N oo T~ LOWMmHWNO
SSS% Et:B (0.1 equiv), FEo88bbbbee
01000 PhMe(Cofsmz()']M)’ R T
NI% 25°C, 24 h ~\\\Z#
Current Data Parameters
NAME HAW-VII-054-C
EXPNO 30
PROCNO 1
F2 - Acquisition Parameters
Date 20191127
Time 16.19
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 180286
SOLVENT CDC13
NS 64
DS 0
SWH 18028.846 Hz
H(5) FIDRES 0.100001 Hz
AQ 4.9999318 sec
(dd) RG 97.5
DW 27.733 usec
2x H(G) DE 7.60 usec
TE 300.0 K
(tq) D1 0.10000000 sec
partially TDO 1
overlapped ======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300142 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
u M PC 1.00
""""" I D e L N I |
5.5 5.4 5.3 5.2 5.1 5.0 4.9 4.8 47  ppm
o [=2]
o n
e 0
- N



HAW-VII-054

BusSnH (2 equiv),

Et:B (0.1 equiv),
o PhMe (c of sm = 0.1M), A B
(o}
VA 25°C, 24 h AR
H(3)
(dd) 2 x H(3)
(dd)
partially
overlapped
/"
I ) I ) I ) I ) I I ) I I I I )
4.38 4.36 4.34 4.32 4.30 4.28 4.26 4.24 4.22 418 ppm
S %
< i
- N

74

Current Data Parameters

NAME HAW-VII-054-C
EXPNO 30
PROCNO 1

F2 - Acquisition Parameters
Date 20191127

Time 16.19
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 180286
SOLVENT CDC13

NS 64

DS 0

SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5

DW 27.733 usec
DE 7.60 usec
TE 300.0 K

D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H

Pl 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
ST 262144

SF 600.1300142 MHz
WDW EM

SSB 0

LB 0.10 Hz
GB 0

PC 1.00



HAW-VI1-048
BusSnH (2 equiv),

I~ N O [RTe] ~ NO " O N
MRERARY Et;B (0.1 equiv), I3 J43] [«
S PhMe (c of sm = 0.1M), R S
VA 30°C, 24h VT
Current Data Parameters
NAME HAW-VII-048-C
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20191114
Time 23.03
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 180286
SOLVENT CDC13
NS 64
DS 0
SWH 18028.846 Hz
2X H(3) FIDRES 0.100001 Hz
AQ 4.9999318 sec
(dd) RG 97.5
H(3) artla" DW 27.733 usec
(dd) P y DE 7.60 usec
overlapped TE 300.0 K
D1 0.10000000 sec
TDO 1
/// ======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300131 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00

T ' T ' T ' T ' T ' T ' T ' T ' T ' T ' T ' |
4.38 4.36 4.34 4.32 4.30 4.28 4.26 4.24 4.22 4.20 418 ppm

1.000
2.885

75



HAW-VII-049
BusSnH (2 equiv),
Et:B (0.1 equiv),
PhMe (c of sm = 0.1M)

76

% 30°C, 24 h ~\\#
H(5)
(dd) 2 x H(6)
(td)
partially
overlapped

""""" I e A L I L I
5.5 5.4 5.3 5.2 5.1 5.0 4.9 4.8 4.7 ppm

Current Data Parameters

NAME HAW-VII-049-C
EXPNO 20
PROCNO 1

F2 - Acquisition Parameters
Date 20191114

Time 23.14
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 180286
SOLVENT CDC13

NS 64

DS 0

SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5

DW 27.733 usec
DE 7.60 usec
TE 300.0 K

D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H

Pl 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
ST 262144

SF 600.1300134 MHz
WDW EM

SSB 0

LB 0.10 Hz
GB 0

PC 1.00



HAW-VI1-049
BusSnH (2 equiv),

@O~ O i [T} ©O© N O © N
VMY Et:B (0.1 equiv), 43 4338 W
S PhMe(COf8m=O1M), S SRS < <
VA 30°C, 24 T
Current Data Parameters
NAME HAW-VII-049-C
EXPNO 20
PROCNO 1
F2 - Acquisition Parameters
Date 20191114
Time 23.14
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 180286
SOLVENT CDC13
NS 64
DS 0
SWH 18028.846 Hz
FIDRES 0.100001 Hz
2x H(3) AQ 4.9999318 sec
H(3) (dd) RG 97.5
. DW 27.733 usec
(dd) partla"y DE 7.60 usec
overlapped TE 300.0 K
D1 0.10000000 sec
/ TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300134 MHz
WDW EM
A /] SSB 0
LB 0.10 Hz
GB 0
PC 1.00

T ' T ' T ' T ' T ' T ' T ' T ' T ' T ' T ' |
4.38 4.36 4.34 4.32 4.30 4.28 4.26 4.24 4.22 4.20 418 ppm

1.000
2.761

77



5.473
5.471

5.456
5.455

HAW-VII-030
BusSnH (2 equiv),
Et;B (0.1 equiv),
PhMe (c of sm = 0.1M),

4.701
4.696
4.690
4.685
4.679
4.676
4.674
4.672
4.665
4.661

N/ 40°C, 24 h S\
2 x H(6)
(td)

partially

H(5) overlapped

(dd)

MM*W#J Y M
""""" I D D e L L I
5.5 5.2 5.1 5.0 4.8 4.7 ppm

Current Data Parameters

NAME HAW-VII-030-C
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date 20191031

Time 15.11
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 180286
SOLVENT CDC13

NS 64

DS 0

SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5

DW 27.733 usec
DE 7.60 usec
TE 298.0 K

D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H

Pl 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
ST 262144

SF 600.1300137 MHz
WDW EM

SSB 0

LB 0.10 Hz
GB 0

PC 1.00



HAW-VII-030
BusSnH (2 equiv),

oY 0 N O " W ™ n o m < O
Et;B (0.1 equiv), T3 O%ERR &S
HE PhMe (c of sm = 0.1M), YT yss v
VA 40°C, 24 h LT T
Current Data Parameters
NAME HAW-VII-030-C
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20191031
Time 15.11
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 180286
SOLVENT CDC13
NS 64
DS 0
SWH 18028.846 Hz
2 x H(3) FIDRES 0.100001 Hz
AQ 4.9999318 sec
(dd) RG 57.5
partially DW 27.733 usec
DE 7.60 usec
overlapped TE 298.0 K
D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
H(3) NUC1 1H
(dd) Pl 10.00 usec
PLW1 26.60000038 W
U //// U F2 - Processing parameters
ST 262144
SF 600.1300137 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00

T ' T ' ' T ' T ' T ' T ' T ' T ' T ' |
4.38 4.36 4.34 4.32 4.30 4.28 4.26 4.24 4.22 4.20 418 ppm

4.330

79



HAW-VII-034

BusSnH (2 equiv),

Et:B (0.1 equiv),
T PhMe (c of sm = 0.1M), R S
VA 40°C, 24 AEniaay
2 x H(3)
(dd)
partially
H(3) overlapped
(dd)
L
I ) I ) I ) I ) I ) I ) I I I I )
4.38 4.36 4.34 4.32 4.30 4.28 4.26 4.24 4.22 418 ppm
o (3]
ﬁgf g
c ©

80

Current Data Parameters

NAME HAW-VII-034-C
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date 20191105

Time 16.58
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 180286
SOLVENT CDC13

NS 64

DS 0

SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5

DW 27.733 usec
DE 7.60 usec
TE 300.0 K

D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H

Pl 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
ST 262144

SF 600.1300129 MHz
WDW EM

SSB 0

LB 0.10 Hz
GB 0

PC 1.00



HAW-VII-036
BusSnH (2 equiv),

S EtsB (0.1 equiv),
0000 PhMe (c of sm = 0.1M),
NR% 40°C, 24 h

H(5)
(dd)

2 x H(6)
(td)
partially
overlapped

1.000

81

4.519

Current Data Parameters

NAME HAW-VII-036-C
EXPNO 20
PROCNO 1

F2 - Acquisition Parameters
Date 20191107

Time 20.29
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 180286
SOLVENT CDC13

NS 64

DS 0

SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5

DW 27.733 usec
DE 7.60 usec
TE 300.0 K

D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H

Pl 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
ST 262144

SF 600.1300136 MHz
WDW EM

SSB 0

LB 0.10 Hz
GB 0

PC 1.00



HAW-VII-036
BusSnH (2 equiv),

. < < N N —
mmmm Et;B (0.1 equiv), IR IS RN NI IR
YT PhMe (c of sm = 0.1M), N
VA 40 °C, 24 h AERInEEn
Current Data Parameters
NAME HAW-VII-036-C
EXPNO 20
PROCNO 1
F2 - Acquisition Parameters
Date 20191107
Time 20.29
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 180286
SOLVENT CDC13
NS 64
DS 0
SWH 18028.846 Hz
FIDRES 0.100001 Hz
2 x H(3) AQ 4.9999318 sec
RG 97.5
(dd) DW 27.733 usec
partlally DE 7.60 usec
TE 300.0 K
overlapped D1 0.10000000 sec
H(3) TDO 1
(dd) ======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
///// ST 262144
SF 600.1300136 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00

T ' T ' T ' T ' T ' T ' T ' T ' T ' T ' T '
4.38 4.36 4.34 4.32 4.30 4.28 4.26 4.24 4.22 4.20 418 ppm

1.000
4.706
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HAW-IV-029
BusSnH (2 equiv),

2538 . 23 8323 9%
0000 EtsB (0.1 equiv), YN N8N N{
NYSY PhMe (c of sm = 0.1M), Ny O ¥NYY YW
VA 60°C, 24 h HERRIR
Current Data Parameters
NAME HAW-1V-029-C
EXPNO 20
PROCNO 1
F2 - Acquisition Parameters
Date_ 20180629
Time 1.26
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 180286
SOLVENT CDCI3
NS 64
DS 0
SWH 18028.846 Hz
FIDRES 0.100001 Hz
2x H(3) AQ 4.9999318 sec
(dd) RG 97.5
. DwW 27.733 usec
partially DE 7.60 usec
TE 300.0 K
overlapped D1 0.10000000 sec
TDO 1
======== CHANNEL f1 ========
SFO1 600.1337060 MHz
NUC1 1H
P1 10.00 usec
H(3) PLW1 26.60000038 W
(dd) F2 - Processing parameters
Sl 262144
SF 600.1300152 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00

T ' T ' T ' T ' T ' T ' T ' T ' T ' T ' T ' |
4.38 4.36 4.34 4.32 4.30 4.28 4.26 4.24 4.22 4.20 4.18 ppm

1.000
10.841

83



HAW-VII-029
BusSnH (2 equiv),

EtaB (0.1 equiv), 33 488§ &%
R PhMe (c of sm = 0.1M), S A S
VA 60 °C, 24 T
2 x H(3)
(dd)
partially
overlapped
H(3)
(dd)
I I I I I ' I ' I I I I I ' I
4.38 4.36 4.34 4.32 4.30 4.28 4.26 4.24 4.22 4.20 4.18 ppm
= N~
3 %
- o

84

Current Data Parameters

NAME HAW-VII-029-C
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date 20191031

Time 15.03
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 180286
SOLVENT CDC13

NS 64

DS 0

SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5

DW 27.733 usec
DE 7.60 usec
TE 298.0 K

D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H

Pl 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
ST 262144

SF 600.1300137 MHz
WDW EM

SSB 0

LB 0.10 Hz
GB 0

PC 1.00



HAW-VI1I-033
BusSnH (2 equiv),

> oo T Lood oo
momm Et;B (0.1 equiv), SN NN RN RN
N PhMe (c of sm = 0.1M), vyooyyTy vy
\ A 60 °C, 24 AEniany
Current Data Parameters
NAME HAW-VII-033-C
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20191105
Time 16.50
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 180286
SOLVENT CDC13
NS 64
DS 0
SWH 18028.846 Hz
2X H(3) FIDRES 0.100001 Hz
AQ 4.9999318 sec
(dd) RG 97.5
H DW 27.733 usec
partla"y DE 7.60 usec
overlapped TE 300.0 K
D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H
/// Pl 10.00 usec
H(3) PLW1 26.60000038 W
(dd) F2 - Processing parameters
ST 262144
SF 600.1300140 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00

T ' T ' T ' T ' T ' T ' T ' T ' T ' T ' T ' |
4.38 4.36 4.34 4.32 4.30 4.28 4.26 4.24 4.22 4.20 418 ppm

1.000
9.698
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HAW-VII-035
BuzSnH (2 equiv),

EtaB (0.1 equiv),
<<<<  PhMe (cof sm = 0.1M), s< <<es <<
VA 60°C, 24 NI
2 x H(3)
(dd)
partially
overlapped
H(3)
(dd)
I ) I I ) I ) I ) I ) I ) I ) I ) I ) I )
4.38 4.36 4.34 4.32 4.30 4.28 4.26 4.24 4.22 4.20 418 ppm
o N
3 &
- 86 =

Current Data Parameters

NAME HAW-VII-035-C
EXPNO 20
PROCNO 1

F2 - Acquisition Parameters
Date 20191108

Time 9.32
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 180286
SOLVENT CDC13

NS 64

DS 0

SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5

DW 27.733 usec
DE 7.60 usec
TE 300.0 K

D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H

Pl 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
ST 262144

SF 600.1300131 MHz
WDW EM

SSB 0

LB 0.10 Hz
GB 0

PC 1.00



HAW-I11-005
BusSnH (2 equiv),
Et;B (0.1 equiv),
PhMe (c of sm = 0.1M),

<SS

SIS

\ |/ 80 °C, 24 h SN\
2 x H(6)
(td)
partially
overlapped
H(5) '
(dd) |
"""" s4 53 52 51 50 49 48 47  ppm

1.001

87

20.480

Current Data Parameters

NAME HAW-111-005-C
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20180124

Time 9.36
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 180286
SOLVENT CDCI3

NS 64

DS 0

SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5

DW 27.733 usec
DE 7.60 usec
TE 490.6 K

D1 0.10000000 sec
TDO 1
======== CHANNEL f1 ========
SFO1 600.1337060 MHz
NUC1 1H

P1 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
Si 262144

SF 600.1300135 MHz
wbw EM

SSB 0

LB 0.10 Hz
GB 0

PC 1.00



HAW-I11-005
BusSnH (2 equiv),

SR . 9 8II] S8
® & 0 EtsB (0.1 equiv), NN NNNN N
NN PhMe (c of sm = 0.1M), Ty Y YSS W
VA 80°C, 24 h ETTEE T
Current Data Parameters
NAME HAW-111-005-C
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20180124
Time 9.36
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 180286
SOLVENT CDCI3
NS 64
DS 0
2 x H(3) SWH 18028.846 Hz
(dd) FIDRES 0.100001 Hz
. AQ 4.9999318 sec
partially RG 97.5
DwW 27.733 usec
overlapped DE 7.60 usec
TE 490.6 K
D1 0.10000000 sec
TDO 1
======== CHANNEL f1 ========
SFO1 600.1337060 MHz
NUC1 1H
P1 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
H(3) Sl 262144
(dd) SF 600.1300135 MHz
WDW EM
o SSB 0
LB 0.10 Hz
GB 0
PC 1.00

T ' T ' T ' T ' T ' T ' T ' T ' T ' T ' T ' |
4.38 4.36 4.34 4.32 4.30 4.28 4.26 4.24 4.22 4.20 418 ppm

1.000
20.439

88



HAW-VI-164
BusSnH (2 equiv),

S mm o b S mooa o4
. < N —
Mmoo EtsB (0.1 equiv), NS aaNS S8R
S PhMe (c of sm = 0.1M), - N
\ A 80 °C, 24 h T
Current Data Parameters
NAME HAW-VI-164-C
EXPNO 20
PROCNO 1
F2 - Acquisition Parameters
Date 20190905
Time 16.08
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 180286
SOLVENT CDC13
NS 64
DS 0
SWH 18028.846 Hz
2Xx H(3) FIDRES 0.100001 Hz
AQ 4.9999318 sec
(dd) RG 97.5
H DW 27.733 usec
partlally DE 7.60 usec
overlapped TE 300.0 X
D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
H(3) ST 262144
SF 600.1300137 MHz
(dd) WDW EM
SSB 0
/ LB 0.10 Hz
GB 0
PC 1.00

T ' T ' T ' T ' T ' T ' T ' T ' T ' T ' |
4.38 4.36 4.34 4.32 4.30 4.28 4.26 4.24 4.22 4.20 418 ppm

1.000
21.522

89



HAW-VII-003
BusSnH (2 equiv),
Et:B (0.1 equiv),
PhMe (c of sm = 0.1M),

80 °C, 24 h \\\

5.473
5.471
5.456
5.455
4.700
4.695
4.689
4.684
4.678
4.676
4.673
4.671
4.665
4.660

e
~
7
N

i

Current Data Parameters

NAME HAW-VII-003-C
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20190927
Time 15.18
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 180286
SOLVENT CDC13
w NS 64
DS 0
SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5
2 x H(6) DW 27.733 usec
DE 7.60 usec
(td) TE 300.0 K
part|a||y ?éo 0.10000008 sec
overlapped
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300147 MHz
WDW EM
SSB 0
H(5) LB 0.10 Hz
GB 0
(dd) bC 1.00
""""" I D D D T R
5.5 5.4 5.3 5.2 5.1 5.0 4.9 4.8 47  ppm

1.000
20.648
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HAW-VII-003
BusSnH (2 equiv),

A~ NO " [« lTe] -~ NO 0 O N
EtsB (0.1 equiv), 2% ERE A%
SERE PhMe (c of sm = 0.1M), Se wevs v
\ A 80°C, 24 h ARy
Current Data Parameters
NAME HAW-VII-003-C
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20190927
Time 15.18
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 180286
SOLVENT CDC13
NS 64
DS 0
SWH 18028.846 Hz
2 x H(3) FIDRES 0.100001 Hz
AQ 4.9999318 sec
(dd) RG 57.5
partially DW 27.733 usec
DE 7.60 usec
overlapped TE 300.0 K
D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H
Pl 10.00 usec
PLW1 26.60000038 W
H(3) F2 - Processing parameters
ST 262144
(dd) SF 600.1300147 MHz
WDW EM
/ SSB 0
LB 0.10 Hz
GB 0
PC 1.00

T ' T ' T ' T ' T ' T ' T ' T ' T ' T ' |
4.38 4.36 4.34 4.32 4.30 4.28 4.26 4.24 4.22 4.20 418 ppm

1.000
20.222
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Part D. The 600.13 MHz 'H NMR and 150.90 MHz °C NMR
Spectra of the Triphenylstannylvinyltin 5b and
Triphenylstannylallene 4b in CDCI;

92



Hamish Watson
HAW-V-044
Proton

Ref: 0.00ppm (CDCI;-TMS)

Current Data Parameters

NAME HAW-V-Ph3Sn Probe-
EXPNO 20
PROCNO 1

F2 - Acquisition Parameters
Date 20181127
Time 17.26
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 180286
SOLVENT CDC13

NS 64

DS 0

SWH 18028.846
FIDRES 0.100001

AQ 4.9999318

RG 34.91

DW 27.733

DE 7.60

TE 300.0

D1 0.10000000

TDO 1
======== CHANNEL fl ========
SFO1 600.1337060
NUC1 1H

Pl 10.00
PLW1 26.60000038

F2 - Processing parameters
ST 262144

SF 600.1300317 MHz
WDW EM

SSB

LB 0.10 Hz
GB

PC 1.00



Sy = N [

Hamish Watson NAME HAW-V-Ph3Sn Probe- (2)

HAW-V-044 gégggo ’ g

Proton

Ref: 0.00ppm (CDCI;-TMS) F2 - Acquisition Parameters
Date 20181127
Time 17.26
INSTRUM spect
PROBHD 5 mm PABBO BB/

PULPROG zg30
TD 180286
SOLVENT CDC13

5.881
5.772
5.771
5.755
5.754
5.645
5.644
5.639
5.638

628

627

622
5.621
4.570
4.562
4.513
4.511
4.504
4.503
4.454
4.446
3.545

5
5
5

NS 64

DS 0

SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 34.91

DW 27.733 usec
DE 7.60 usec
TE 300.0 K

D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H

Pl 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
ST 262144

SF 600.1300317 MHz
WDW EM

SSB 0

LB 0.10 Hz
GB 0

PC 1.00

5.5 5.0 4.5 4.0 3.5 3.0 ppm



[Te} OO NAILTNOMOW - O 00N> <O
< LWONONCTANTL A MO < o> o <0~ O WOV O O < N Oy — >~ ™~
[ee] TN A OO0ONHOLL T TNOO o <N A O 0 o ™~ N oM< O OO
. LI T T S Y ~OnNO ™~ ~ N WO <N MO
~ COONNOOOI>I>~[ 00 C 0 0 O O O . L . . e s s O
~ OO FTITFTOONONNDONONONNNNNNNN NNN>~ O — O NOWWOWWO -« -
— A A A A A A A A A A A A A A A A A A A 0 O 0O [~ ™~ ™~ n < N N~ — O~
| l\l\\x\\/ W N W | | \\W V Current Data Parameters
Hamish Watson NAME HAW-V-Ph3Sn Probe-(2)
EXPNO 21
HAW-V-044 PROCNO 1
Carbon
Ref: 77.00ppm (CDCI;-TMS) F2 - Acquisition Parameters
Date 20181127
Time 18.12
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 119044
SOLVENT CDC13
NS 1024
DS 4
SWH 37500.000 Hz
FIDRES 0.315010 Hz
AQ 1.5872533 sec
RG 186.92
DW 13.333 usec
DE 7.73 usec
TE 300.0 K
D1 1.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 150.9194058 MHz
NUC1 13C
Pl 11.80 usec
PLW1 85.00000000 W
======== CHANNEL f2 ========
SFO2 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltz64
PCPD2 80.00 usec
PLW2 27.00000000 W
PLW12 0.43891999 W
PLW13 0.28090999 W
F2 - Processing parameters
ST 131072
SF 150.9028187 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
1L L L L

T T T T T ' T ' T ' T ' T ' T '
220 200 180 160 140 120 100 8%5 60 40 20 ppm



o — —
[e)) o — < I9} < W O
o — n N < o 0 N a0
. . O o~ @ O N [splNe)
o —~ 0 © . . . — O
[Te} o N N N — N O . .
— — — [eo) L NN @ ~
| | \/ \ / | \/ Current Data Parameters
Hamish Watson NAME HAW-V-Ph3Sn Probe- (2)
EXPNO 22
HAW-V-044 PROCNO 1
Dept135 Fo - Aequieiti . .
Ref: 77.00ppm (CDCI3-TMS) T s Cha
Time 22.27
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG deptspl35.b
TD 119044
SOLVENT CDC13
NS 256
DS 4
SWH 35714.285 Hz
FIDRES 0.300009 Hz
AQ 1.6666160 sec
RG 186.92
DW 14.000 usec
DE 7.44 usec
TE 300.0 K
CNST2 145.0000000
D1 1.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
======== CHANNEL fl ========
SFO1 150.9178962 MHz
NUC1 13C
Pl 11.80 usec
P13 2000.00 usec
PLWO 0w
PLW1 85.00000000 W
SPNAM[5] Crp60comp. 4
SPOALS 0.500
SPOFFS5 0 Hz
SPW5 18.08300018 W
======== CHANNEL f2 ========
SFO2 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltz64
P3 10.20 usec
P4 20.40 usec
, PCPD2 80.00 usec
w2 27.00000000 W
PLW12 0.43891999 W
F2 - Processing parameters
SI 131072
SF 150.9028188 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
' | ' ' | ' | | | ' ' BC 1.40

200

T
180

T
160

T
140

T
120

T
100
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MMM MMOODODOONDDNNDNNOOWWOWOEITITILIITOONOMMNMONODONOTMMANHOOSEOOOMNOVDOE~TOUOWWLLTONONNSTSO OIS WO
@@@@wwww@@mmmmmmmmmmmmmmmmmmmmmmhhl\hmmmmw<r<r<rmmv—|Hoooooooooooooooooooooomv—m—u\l\l\l\l\l\ .
\W%l// W/%/ Current Data Parameters
: NAME HAW-V-Ph3Sn Probe- (1)
Hamish Watson EXPNO 10
HAW-V-043 PROCNO 1
Proton
. K F2 - Acquisition Parameters
Ref: 0.00ppm (CDCI;-TMS) Date 20181127
Time 15.00
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 180286
SOLVENT CDC13
NS 64
DS 0
SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 25.17
DW 27.733 usec
DE 7.60 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300463 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
jWJ L hL \




Hamish Watson
HAW-V-043

Proton

Ref: 0.00ppm (CDCI;-TMS)

_—3.135
——3.122

Y.

Current Data Parameters

NAME HAW-V-Ph3Sn Probe- (1)
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date 20181127

Time 15.00
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 180286
SOLVENT CDC13

NS 64

DS 0

SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 25.17

DW 27.733 usec
DE 7.60 usec
TE 300.0 K

D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H

Pl 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
ST 262144

SF 600.1300463 MHz
WDW EM

SSB 0

LB 0.10 Hz
GB 0

PC 1.00

48 47 46 45 44 43 42 41

40 39 38 37 36 35 34 33 3.2

ppm



T—3.533
—3.135
—3.122

_—3.536

Hamish Watson

HAW-V-043 e
Proton ROCNO

Ref: 0.00ppm (CDCI;-TMS)

Current Data Parameters
HAW-V-Ph3Sn Probe- (1)

10
1

F2 - Acquisition Parameters

Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

a

3.60

3.55

3.50 3.45 3.40 3.35 3.30 3.25 3.20 3.15
99

20181127
15.00
spect

5 mm PABBO BB/
zg30
180286
CDC13

64

0
18028.846
0.100001
4.9999318
25.17
27.733
7.60

300.0 K
0.10000000

CHANNEL f1

600.1337060

1H

10.00 usec
26.60000038 W

- Processing parameters

262144
600.1300463 MHz
EM
0
0.10 Hz
0
1.00



202.050
177.863
177.744
141.238
141.159
141.112
141.033

- 139.466

I 139.342

137.774

Hamish Watson
HAW-V-043

Carbon

Ref: 77.00ppm (CDCI;-TMS)

128.666
128.463

128.457

128.439
128.432
128.288
128.263
128.164

Lk

128.120
128.114

128.095
128.088
99.281
97.717
97.646
96.081
88.270
88.069
88.005
87.868

‘|.

<
o
[oe}
~
[oe}

87.601
77.210
77.000
76.787
76.534
76.351
51.703
51.693
48.234
48.175
48.134
48.115
48.081

[ee}
N
o
[oe}
<

22.708
22.566
22.282
22.200
22.118
21.783
21.693
21.485
13.660

~
o
e}
o
—

13.554
13.512
13.464
13.416

I~ A2 e

220 200

T
180

T
160

T
140

T
120

T
100

I
8900

T
60

Current Data Parameters
NAME

EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date 20181127

Time 15.46
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

TD 119044
SOLVENT CDC13

NS 1024

DS 4

SWH 37500.000 Hz
FIDRES 0.315010 Hz
AQ 1.5872533 sec
RG 186.92

DW 13.333 usec
DE 7.73 usec
TE 300.0 K

D1 1.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 150.9194058 MHz
NUC1 13C

Pl 11.80 usec
PLW1 85.00000000 W
======== CHANNEL f2 ========
SFO2 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltz64
PCPD2 80.00 usec
PLW2 27.00000000 W
PLW12 0.43891999 W
PLW13 0.28090999 w

F2 - Processing parameters
SI 131072

SF 150.9028244 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

HAW-V-Ph3Sn Probe- (1)



137.128
137.120
128.732
128.704
128.262
88.068
87.802
76.532
76.350
51.703
51.692
22.707
22.565
22.199
21.782
21.692
21.484
13.606
13.463

yd
s
X
-
ad
ad
Vs
X
X

Current Data Parameters

Hamish Watson NAME HAW-V-Ph3Sn Probe- (1)
EXPNO 12
Dept135 o - Aeouisits . .
3 - Acquisition Parameters
Ref: 77.00ppm (CDCI;-TMS) Date 20181127
Time 15.58
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG deptspl35.b
TD 119044
SOLVENT CDC13
NS 256
DS 4
SWH 35714.285 Hz
FIDRES 0.300009 Hz
AQ 1.6666160 sec
RG 186.92
DW 14.000 usec
DE 7.44 usec
TE 300.0 K
CNST2 145.0000000
D1 1.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
======== CHANNEL fl ========
SFO1 150.9178962 MHz
NUC1 13C
Pl 11.80 usec
P13 2000.00 usec
PLWO 0w
PLW1 85.00000000 W
SPNAM[5] Crp60comp. 4
SPOALS 0.500
SPOFFS5 0 Hz
SPW5 18.08300018 W
======== CHANNEL f2 ========
SFO2 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltz64
P3 10.20 usec
P4 20.40 usec
PCPD2 80.00 usec
" 1 PLW2 27.00000000 W
PLW12 0.43891999 w
F2 - Processing parameters
ST 131072
SF 150.9028246 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
" I " " " " " " I " I " I " I " I " PC 1.40

T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Hamish Watson
HAW-V-043
Dept135

Ref: 77.00ppm (CDCI;-TMS)

—22.707
——22.565

—22.199

_—21.782

——21.692
——21.484

——13.606
——13.463

25 24

23

22

21

20

19

18

16

16

15

14

13 ppm

Current Data Parameters

NAME HAW-V-Ph3Sn Probe- (1)
EXPNO 12
PROCNO 1

F2 - Acquisition Parameters
Date_ 20181127

Time 15.58
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG deptspl35.b

TD 119044
SOLVENT CDC13

NS 256

DS 4

SWH 35714.285 Hz
FIDRES 0.300009 Hz
AQ 1.6666160 sec
RG 186.92

DW 14.000 usec
DE 7.44 usec
TE 300.0 K
CNST2 145.0000000

D1 1.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
======== CHANNEL fl ========
SFO1 150.9178962 MHz
NUC1 13C

Pl 11.80 usec
P13 2000.00 usec
PLWO 0w

PLW1 85.00000000 W
SPNAM[5] Crp60comp. 4
SPOALS 0.500
SPOFFS5 0 Hz

SPW5 18.08300018 W
======== CHANNEL f2 ========
SFO2 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltz64

P3 10.20 usec
P4 20.40 usec
PCPD2 80.00 usec
PLW2 27.00000000 W
PLW12 0.43891999 W

F2 - Processing parameters
SI 131072

SF 150.9028246 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40



Part E. The 600.13 MHz 'H NMR Ratio Determinations For
the Triphenylstannylallene 4b and Triphenylstannylvinyltin
5b in CDClI;

103



HAW-VI11-069
Ph,SnH (2 equiv),

o % o
Et,B (0.1 equiv), 5% 5
PhMe (c of sm = 0.1M), 7T 7
20°C, 24 h ||
Current Data Parameters
NAME HAW-VII-069-C
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20191218
Time 4.07
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 180286
SOLVENT CDC13
OMe NS 64
(s) DS 0
SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5
DW 27.733 usec
DE 7.60 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H
Pl 10.00 usec
PLW1 26.60000038 W
2 x OMe .
F2 - Processing parameters
(s) ST 262144
H SF 600.1300218 MHz
partially k. =
overlapped SSB 0
LB 0.10 Hz
GB 0
PC 1.00
""""" | N I L N I I IR I I I
363 362 361 360 359 358 357 356 355 354 353 3.52 ppm
o o
= N
Qe 0
- <
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HAW-VII-070
Ph,SnH (2 equiv),

> » Y
Et.B (0.1 equiv), 0 10 o)
PhMe (c of sm = 0.1M), R ™
20°C, 24 h ||
Current Data Parameters
NAME HAW-VII-070-C
EXPNO 20
PROCNO 1
F2 - Acquisition Parameters
Date 20191218
Time 4.15
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 180286
SOLVENT CDC13
NS 64
OMe oe 0
(s) SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5
DW 27.733 usec
DE 7.60 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H
P1 10.00 usec
PLW1 26.60000038 W
2 x OMe
F2 - Processing parameters
(s) SI 262144
i SF 600.1300214 MHz
partially o o
overlapped SSB 0
LB 0.10 Hz
GB 0
PC 1.00
""""" | D R D D T U I I I IR I I |
3.63 3.62 3.61 360 359 358 357 35 355 354 353 3.52 ppm

1.000
__/
4.747
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HAW-VII-071
Ph,SnH (2 equiv),

. > o b
Et.B (0.1 equiv), 50 2
PhMe (c of sm = 0.1M), e ®
20 °C, 24 h ||
Current Data Parameters
NAME HAW-VII-071-C
EXPNO 30
PROCNO 1
F2 - Acquisition Parameters
Date 20191218
Time 4.23
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 180286
SOLVENT CDC13
NS 64
OMe DS 0
(S) SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5
DW 27.733 usec
DE 7.60 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H
Pl 10.00 usec
PLW1 26.60000038 W
2 x OMe F2 - Processing parameters
(s) SI 262144
. SF 600.1300215 MHz
partially WDW EM
SSB 0
overlapped B 0.10 Hz
GB 0
PC 1.00
""""" | N I L N I I IR I I I
363 362 361 360 359 358 357 356 355 354 353 3.52 ppm
o e
o -~
< <
-~ <
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HAW-VII-072
Ph,SnH (2 equiv),

- 232 o
Et.B (0.1 equiv), Do 0
PhMe (c of sm = 0.1M), 7 "
20 °C, 24 h ||
Current Data Parameters
NAME HAW-VII-072-C
EXPNO 40
PROCNO 1
F2 - Acquisition Parameters
Date 20191218
Time 4.32
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 180286
SOLVENT CDC13
NS 64
DS 0
SWH 18028.846 Hz
OMe FIDRES 0.100001 Hz
(s) A0 4.9999318 sec
RG 68
DW 27.733 usec
DE 7.60 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H
P1 10.00 usec
PLW1 26.60000038 W
2 x OMe .
F2 - Processing parameters
(s) ST 262144
. SF 600.1300236 MHz
partially WD oM
overlapped SSB 0
LB 0.10 Hz
GB 0
PC 1.00
.............................................................................................................................. |
363 362 361 360 359 358 357 356 355 354 353 352 ppm

'



HAW-VII-061
Ph.SnH (2 equiv),

i O < [Te}
Et.B (0.1 equiv), 58 s
PhMe (c of sm = 0.1M), ™ o ©
40°C, 24 h ||
Current Data Parameters
NAME HAW-VII-061-C
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20191218
Time 3.01
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
OMe TD 180286
(S) SOLVENT CDC13
NS 64
DS 0
SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5
DW 27.733 usec
DE 7.60 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
2 x OMe
(S) ======== CHANNEL fl ========
. SFO1 600.1337060 MHz
partially NUC1 1H
Pl 10.00 usec
overlapped PLWL 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300208 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
""""" [ U U T A A I I I I N |
3.63 3.62 3.61 360 359 358 357 356 355 354 353 3.52 ppm
o ™
o 00
S o
- -
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HAW-VII-062
Ph,SnH (2 equiv),

. >~ 0 o
Et.B (0.1 equiv), 58 9
PhMe (c of sm = 0.1M), © o ©
40 °C, 24 h ||
Current Data Parameters
NAME HAW-VII-062-C
EXPNO 20
PROCNO 1
F2 - Acquisition Parameters
Date 20191218
Time 3.09
INSTRUM spect
PROBHD 5 mm PABBO BB/
OMe PULPROG 2g30
TD 180286
(s) SOLVENT cDC13
NS 64
DS 0
SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5
DW 27.733 usec
DE 7.60 usec
TE 300.0 K
D1 0.10000000 sec
2 x OMe D0 1
(s)
. ======== CHANNEL fl ========
partially SFO1 600.1337060 MHz
NUC1 1H
overlapped P1 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SFE 600.1300192 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
""""" S U I A I I I I I I I
3.63 3.62 3.61 360 359 358 357 35 355 354 353 3.52 ppm
o ©
o 0
S o
- -
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HAW-VII-063
Ph,SnH (2 equiv),

@ O g
. 00 O
Et.B (0.1 equiv), 00 0
PhMe (c of sm = 0.1M), oo o
40°C, 24 h ||
Current Data Parameters
NAME HAW-VII-063-C
EXPNO 30
PROCNO 1
F2 - Acquisition Parameters
Date 20191218
Time 3.17
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
OMe TD 180286
SOLVENT CDC13
(s) NS 64
DS 0
SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5
DW 27.733 usec
DE 7.60 usec
TE 300.0 K
D1 0.10000000 sec
2 x OMe D0 1
(s) ======== CHANNEL fl ========
. SFO1 600.1337060 MHz
partially NUC1 1H
over|apped Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300175 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
""""" | N I L N I I IR I I I
363 362 361 360 359 358 357 356 355 354 353 3.52 ppm
o ™
o ™
S S
- N
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HAW-VII-064
Ph,SnH (2 equiv),

: ® o s
Et.B (0.1 equiv), 5 2
PhMe (c of sm = 0.1M), ™o ™
40 °C, 24 h ||
Current Data Parameters
NAME HAW-VII-064-C
EXPNO 60
PROCNO 1
F2 - Acquisition Parameters
Date 20191219
Time 2.50
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 180286
SOLVENT CDC13
OMe NS 64
(s) DS 0
SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5
DW 27.733 usec
DE 7.60 usec
TE 300.0 K
2 x OMe D1 0.10000000 sec
TD 1
(s) ’
partially ======== CHANNEL fl ========
SFO1 600.1337060 MHz
overlapped NUC1 1H
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300204 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
""""" [ U U T A A I I I I N |
363 362 361 360 359 358 357 356 355 354 353 3.52 ppm
(=] -
o 00
(=] ~
- -
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HAW-VI1I-065
Ph,SnH (2 equiv),

i % p
Et.B (0.1 equiv), 00 0
PhMe (c of sm = 0.1M), @O @
60 °C, 24 h ||
Current Data Parameters
NAME HAW-VII-065-C
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20191218
Time 3.34
INSTRUM spect
PROBHD 5 mm PABBO BB/
2 x OMe PULPROG 2930
TD 180286
(s) ()hne SOLVENT CDC13
partially (s) NS o
DS
overlapped SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5
DW 27.733 usec
DE 7.60 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300212 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
""""" [ U U T A A I I I I N |
363 362 361 360 359 358 357 356 355 354 353 3.52 ppm
N o
o =,
5] o
- -
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HAW-VII-066
Ph,SnH (2 equiv),

i O < <
Et.B (0.1 equiv), R 2
PhMe (c of sm = 0.1M), ® o ©
60°C, 24 h
Current Data Parameters
NAME HAW-VII-066-C
EXPNO 20
PROCNO 1
F2 - Acquisition Parameters
Date 20191218
Time 3.42
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
2 x OMe TD 180286
SOLVENT CDC13
(s) OMe NE >
partially (s) DS 0
SWH 18028.846 Hz
overlapped FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5
DW 27.733 usec
DE 7.60 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300219 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
ANA
""""" | N I L N I I IR I I I
363 362 361 360 359 358 357 356 355 354 353 3.52 ppm

1.868
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HAW-VII-067
Ph,SnH (2 equiv),

i % 3
Et.B (0.1 equiv), 0 10 0
PhMe (c of sm = 0.1M), oo «
60°C, 24 h
Current Data Parameters
NAME HAW-VII-067-C
EXPNO 30
PROCNO 1
F2 - Acquisition Parameters
Date 20191218
Time 3.50
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 180286
2 x OMe SOLVENT cDpCl3
(s) OMe e °0
partially (s) SWH 18028.846 Hz
FIDRES 0.100001 Hz
overlapped AQ 4.9999318 sec
RG 97.5
DW 27.733 usec
DE 7.60 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300222 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
""""" [ U U T A A I I I I N |
363 362 361 360 359 358 357 356 355 354 353 3.52 ppm
- (=]
ol o
~ <
- -
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HAW-VII-068
Ph,SnH (2 equiv),

® % 0
Et.B (0.1 equiv), 0 1 0
PhMe (c of sm = 0.1M), oo o
60 °C, 24 h ||
Current Data Parameters
NAME HAW-VII-068-C
EXPNO 40
PROCNO 1
F2 - Acquisition Parameters
Date 20191218
Time 3.58
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
2 x OMe TD 180286
SOLVENT CDC13
(s) OMe NS 64
i DS 0
partlally (S) SWH 18028.846 Hz
overlapped FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5
DW 27.733 usec
DE 7.60 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300208 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
""""" [ U U T A A I I I I N |
363 362 361 360 359 358 357 356 355 354 353 3.52 ppm
N~ (=]
< (=
) =
- -
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HAW-VII-074
Ph,SnH (2 equiv),

i % % 8
Et.B (0.1 equiv), 0 0 0
PhMe (c of sm = 0.1M), © o “
80°C, 24 h ||
Current Data Parameters
NAME HAW-VII-074-C
EXPNO 80
PROCNO 1
F2 - Acquisition Parameters
Date 20191219
Time 3.07
INSTRUM spect
2 x OMe PROBHD 5 mm PABBO BB/
(S) PULPROG 2g30
. D 180286
partially SOLVENT CcDC13
NS 64
overlapped be 0
SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5
DW 27.733 usec
OMe DE 7.60 usec
TE 300.0 K
(s) D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H
P1 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300192 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
AV
R R L B B A B AARASSEasassssssassssssss
3.63 3.62 3.61 360 359 358 357 356 355 354 353 3.52 ppm
™ o
0 =}
- o
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HAW-VII-075
Ph,SnH (2 equiv),

i ~ O O
Et.B (0.1 equiv), 55 i
PhMe (c of sm = 0.1M), ™o =
80°C, 24 h H
Current Data Parameters
NAME HAW-VII-075-C
EXPNO 90
PROCNO 1
F2 - Acquisition Parameters
Date 20191219
Time 3.15
INSTRUM spect
2 x OMe PROBHD 5 mm PABBO BB/
(S) PULPROG 2g30
. D 180286
partially SOLVENT cDC13
NS 64
overlapped be 0
SWH 18028.846 Hz
OMe FIDRES 0.100001 Hz
AQ 4.9999318 sec
(s) RG 97.5
DW 27.733 usec
DE 7.60 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H
P1 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300183 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
NN
""""" | I R N U U I I I I I I
3.63 3.62 3.61 3.60 359 358 357 356 355 354 353 3.52 ppm
N~ (=]
© =
< e
N -
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HAW-VII-079
Ph.SnH (2 equiv),

i © 3
Et.B (0.1 equiv), 0 10 0
PhMe (c of sm = 0.1M), © o «
80°C, 24 h
Current Data Parameters
NAME HAW-VII-079-C
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20200115
Time 11.21
INSTRUM spect
2 x OMe PROBHD 5 mm PABBO BB/
(S) PULPROG zg30
g TD 180286
partially SOLVENT cDC13
NS 64
overlapped bs 0
SWH 18028.846 Hz
OMe FIDRES 0.100001 Hz
AQ 4.9999318 sec
(s) RG 97.5
DW 27.733 usec
DE 7.60 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SFE 600.1300215 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
""""" [ U N T I I I I MR I I I |
3.63 3.62 3.61 360 359 358 357 356 355 354 353 3.52 ppm
<) o
N~ o
© e
N -
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HAW-VI1-080
Ph,SnH (2 equiv),

[iNe) g
H 00 O
Et.B (0.1 equiv), 58 2
PhMe (c of sm = 0.1M), @ o m
80°C, 24 h
Current Data Parameters
NAME HAW-VII-080-C
EXPNO 20
PROCNO 1
F2 - Acquisition Parameters
Date 20200115
Time 11.29
INSTRUM spect
2 x OMe PROBHD 5 mm PABBO BB/
PULPROG zg30
(s) D 180286
parha"y ;gLVENT CDCéz
overlapped DS 0
SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5
DW 27.733 usec
DE 7.60 usec
OMe TE 300.0 K
(S) D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300187 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
""""" [ A D U I I D IR I I N |
363 362 361 360 359 358 357 356 355 354 353 3.52 ppm
™ =,
o o
“« <
™ -
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HAW-VII-081
Ph,SnH (2 equiv),

0 O S
H o0 00
Et,B (0.1 equiv), D5 o
PhMe (c of sm = 0.1M), M ™
80 °C, 24 h ||
Current Data Parameters
NAME HAW-VII-081-C
EXPNO 30
PROCNO 1
F2 - Acquisition Parameters
Date 20200115
Time 11.37
INSTRUM spect
2 x OMe PROBHD 5 mm PABBO BB/
(S) PULPROG zg30
> TD 180286
partially SOLVENT cDC13
NS 64
overlapped DS 0
SWH 18028.846 Hz
FIDRES 0.100001 Hz
AQ 4.9999318 sec
RG 97.5
DW 27.733 usec
DE 7.60 usec
OMe TE 300.0 K
(s) D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 600.1337060 MHz
NUC1 1H
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SFE 600.1300170 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
""""" [ T D U A I I IR I L I |
3.63 3.62 3.61 3.60 359 358 357 356 355 354 353 3.52 ppm
N o
00 o
N <
™ -
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Part F. The 600.13 MHz '"H NMR and 150.90 MHz °C
NMR Spectra of the Cyclopropylpropargylic Alcohol 12
and the Tributylstannylallene 15 in CDCI;
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OH

OTBDPS Current Data Parameters

NAME LH-1-71

/ EXPNO 10

,// PROCNO 1
F2 - Acquisition Parameters
Date 20220401
Time 18.31 h
INSTRUM spect
PROBHD  7114607_0188 (
PULPROG zg30
TD 180286
SOLVENT CDCI3
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 97.5
Dw 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
SFO1 600.1337060 MHz
NUC1 1H
PO 3.33 usec
P1 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
S1 262144
SF 600.1300153 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00

L o
10 9 8 7 6 5 4 3 2 1 ppm

122



MOONH®OL ONOOTNONONOOD 0
OONNNOLWOLO MANNOOODODO W ®DN~ e}
© © © WO OO TTTTITITOOONOM N
NNNNNNNN~ NNNSNNSNNSNNMNNNNNNN~ N~

OH
OTBDPS

Current Data Parameters

NAME LH-1-71

EXPNO 10

PROCNO 1

F2 - Acquisition Parameters

Date_ 20220401

Time 18.31 h

INSTRUM spect

PROBHD Z114607_0188 (

PULPROG zg30

TD 180286

SOLVENT CDCI3

NS 16

DS 0

SWH 18028.846 Hz

FIDRES 0.200003 Hz

AQ 4.9999318 sec

RG 97.5

DW 27.733 usec

DE 8.00 usec

TE 300.0 K

D1 0.10000000 sec

TDO 1

SFO1 600.1337060 MHz

NUC1 1H

PO 3.33 usec

P1 10.00 usec

PLW1 26.60000038 W
— F2 - Processing parameters

Sl 262144

SF 600.1300153 MHz

WDW EM

SSB 0

LB 0.10 Hz

GB 0

PC 1.00

7.75 7.70 7.65 7.60 7.55 7.50 7.45 7.40 7.35 7.30 7.25 ppm
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OTBDPS Current Data Parameters
NAME LH-1-71
/C:;’ EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20220401
Time 18.31 h
INSTRUM spect
PROBHD  7114607_0188 (
PULPROG zg30
TD 180286
SOLVENT CDCI3
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 97.5
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
SFO1 600.1337060 MHz
NUC1 1H
PO 3.33 usec
P1 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
S1 262144
SF 600.1300153 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00

449 448 447 446 445 444 443 442 441 440 439 438 437 ppm
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Mm MOMm m Mm m ™ M m m
OH Current Data Parameters
NAME LH-1-71
EXPNO 10
OTBDPS PROCNO 1
/// F2 - Acquisition Parameters
/// Date 20220401
Time 18.31 h
INSTRUM spect
PROBHD  7114607_0188 (
PULPROG zg30
TD 180286
SOLVENT CDCI3
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 97.5
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
SFO1 600.1337060 MHz
NUC1 1H
L PO 3.33 usec
L S P1 10.00 usec
T | PLW1 26.60000038 W
F2 - Processing parameters
S1 262144
SF 600.1300153 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
I ) I ) I ) I ) I I I I ) |
3.78 3.76 3.74 3.72 3.70 3.68 3.66 3.64 ppm

125



_—2.581
—2.572

%

OH

OTBDPS

2.169

Current Data Parameters

R

NAME LH-1-71
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date 20220401

Time 18.31 h
INSTRUM spect
PROBHD  7114607_0188 (
PULPROG zg30

TD 180286
SOLVENT CDCI3

NS 16

DS 0

SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 97.5

DW 27.733 usec
DE 8.00 usec
TE 300.0 K

D1 0.10000000 sec
TDO 1

SFO1 600.1337060 MHz
NUC1 1H

PO 3.33 usec
P1 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
S1 262144

SF 600.1300153 MHz
WDW EM

SSB 0

LB 0.10 Hz
GB 0

PC 1.00

o
265 260 255 250 245 240 235 230 225 220
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OH

OTBDPS

Current Data Parameters

h

Hz
Hz
sec

usec
usec

sec
MHZz
usec

usec
W

MHz

Hz

NAME LH-1-71
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20220401
Time 18.31
INSTRUM spect
PROBHD  7114607_0188 (
PULPROG zg30
TD 180286
SOLVENT CDCI3
NS 16
DS 0
SWH 18028.846
FIDRES 0.200003
AQ 4.9999318
RG 97.5
DW 27.733
DE 8.00
TE 300.0
D1 0-.10000000
TDO 1
SFO1 600.1337060
NUC1 1H
PO 3.33
P1 10.00
PLW1 26.60000038
F2 - Processing parameters
S1 262144
SF 600.1300153
WDW EM
SSB 0

LB 0.10
GB 0

PC 1.00




OH
OTBDPS

%

Current Data Parameters

NAME LH-1-71
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date 20220401

Time 20.00 h
INSTRUM spect
PROBHD  7114607_0188 (
PULPROG zgpg30

TD 119044
SOLVENT CDCI3

NS 2000

DS 4

SWH 37500.000 Hz
FIDRES 0.630019 Hz
AQ 1.5872533 sec
RG 186.92

Dw 13.333 usec
DE 6.53 usec
TE 300.0 K

D1 1.00000000 sec
D11 0.03000000 sec
TDO 1

SFO1 150.9194058 MHz
NUC1 13C

PO 3.93 usec
P1 11.80 usec
PLW1 85.00000000 W
SF02 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltz64
PCPD2 70.00 usec
PLW2 27.00000000 W
PLW12 0.57327998 W
PLW13 0.28836000 W

F2 - Processing parameters
Si 131072

SF 150.9028116 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

220 200 180 160 140 120 100 80
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Current Data Parameters
NAME LH-1-71
EXPNO 11
PROCNO 1
F2 - Acquisition Parameters
OH Date_ 20220401
Time 20.00 h
INSTRUM spect
OTBDPS PROBHD 7114607 0188 (
PULPROG zgpg30
/ D 119044
/ SOLVENT CDCI3
NS 2000
DS 4
SWH 37500.000 Hz
FIDRES 0.630019 Hz
AQ 1.5872533 sec
RG 186.92
Dw 13.333 usec
DE 6.53 usec
TE 300.0 K
D1 1.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 150.9194058 MHz
NUC1 13C
PO 3.93 usec
P1 11.80 usec
PLW1 85.00000000 W
SFO2 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltz64
PCPD2 70.00 usec
PLW2 27.00000000 W
PLW12 0.57327998 W
PLW13 0.28836000 W
F2 - Processing parameters
Sl 131072
SF 150.9028116 MHz
WwDwW EM
SSB
LB 1.00 Hz
GB
PC 1.40
""""" S U O I O N B A
135 134 133 132 131 130 129 128 ppm



h

Hz
Hz
sec

usec
usec

sec
sec

MHz

usec
usec

MHz

usec
W
W
W

MHZz

Hz
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Current Data Parameters
NAME LH-1-71
EXPNO 11
C)P4 PROCNO 1
F2 - Acquisition Parameters
OT B D P S Date_ 20220401
Time 20.00
INSTRUM spect
/ PROBHD 7114607 0188 (
/// PULPROG zgpg30
TD 119044
SOLVENT CDCI3
NS 2000
DS 4
SWH 37500.000
FIDRES 0.630019
AQ 1.5872533
RG 186.92
DW 13.333
DE 6.53
TE 300.0
D1 1.00000000
D11 0.03000000
TDO 1
SFO1 150.9194058
NUC1 13C
PO 3.93
P1 11.80
PLW1 85.00000000
SFO2 600.1324005
NUC2 1H
CPDPRG[2 waltz64
PCPD2 70.00
PLW2 27.00000000
PLW12 0.57327998
PLW13 0.28836000
F2 - Processing parameters
Sl 131072
SF 150.9028116
WwDwW EM
SSB 0
LB 1.00
GB 0
(R TN Y PC 1.40
I I I I I I |
90 85 80 75 70 65 ppm
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—19.27

8.11
<310

OH
OTBDPS

Current Data Parameters

NAME LH-1-71
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date 20220401

Time 20.00 h
INSTRUM spect
PROBHD  7114607_0188 (
PULPROG zgpg30

TD 119044
SOLVENT CDCI3

NS 2000

DS 4

SWH 37500.000 Hz
FIDRES 0.630019 Hz
AQ 1.5872533 sec
RG 186.92

Dw 13.333 usec
DE 6.53 usec
TE 300.0 K

D1 1.00000000 sec
D11 0.03000000 sec
TDO 1

SFO1 150.9194058 MHz
NUC1 13C

PO 3.93 usec
P1 11.80 usec
PLW1 85.00000000 W
SF02 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltz64
PCPD2 70.00 usec
PLW2 27.00000000 W
PLW12 0.57327998 W
PLW13 0.28836000 W

F2 - Processing parameters
Si 131072

SF 150.9028116 MHz
WDW EM

SSB 0

LB 1.00 Hz

MWMWWWWWVMHWJ “MwNv*wﬂ*MMWwNwNWwNﬁhMMNMWN”MW¢WMMMNMWMMMMMMMWJ“MHWWWWMMSE 1.40

29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8
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/// Current Data Parameters
NAME LH-1-71
EXPNO 12
PROCNO 1
F2 - Acquisition Parameters
Date_ 20220401
Time 20.46 h
INSTRUM spect
PROBHD 7114607_0188 (
PULPROG deptspl35.b
TD 119044
SOLVENT CDCI3
NS 1000
DS 4
SWH 35714.285 Hz
FIDRES 0.600018 Hz
AQ 1.6666160 sec
RG 186.92
DwW 14.000 usec
DE 7.44 usec
TE 300.0 K
CNST2 145.0000000
D1 1.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
SFO1 150.9178962 MHz
NUC1 13C
P1 11.80 usec
P13 2000.00 usec
PLWO ow
PLW1 85.00000000 W
SPNAM[5] Crp60comp .4
SPOAL5 0.500
SPOFFS5 0 Hz
SPW5 18.08300018 W
SF02 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltz64
P3 10.20 usec
P4 20.40 usec
PCPD2 70.00 usec
PLW2 27.00000000 W
PLW12 0.57327998 W
F2 - Processing parameters
Si 131072
SF 150.9027170 MHz
WDW EM
SSB 0
1
T ' T ' T ' T ' T ' T ' T ' T ' T ' T ' T 5 0 1.00 Hz
200 180 160 140 120 100 80 60 40 20 0 ppmerc 1.40
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Current Data Parameters

NAME LH-1-71
EXPNO 13
PROCNO 1
F2 - Acquisition Parameters
Date_ 20220401
Time 20.57 h
INSTRUM spect
PROBHD  Z114607_0188 (
PULPROG cosygpmfppqf
D 2048
SOLVENT CcDCI3
NS 2
DS 8
SWH 5514.706 Hz
FIDRES 5.385455 Hz
0.1856853 sec

RG 186.92
DwW 90.667 usec
DE 6.50 usec
TE 300.0 K
DO 0.00000300 sec
D1 0.87302327 sec
D11 0.03000000 sec
D12 0.00002000 sec
D13 0.00000400 sec
D16 0.00020000 sec
INO 0.00018160 sec
TDav 1
SFO1 600.1325168 MHz
NUC1 1H
P1 10.00 usec
P17 2500.00 usec
PLW1 26.60000038 W
PLW10 4.25600004 W
GPNAM[1] SMSQ10.100
GPZ1 16.00 %
GPNAM[2] SMSQ10.100
GPZ2 12.00 %
GPNAM[3] SMSQ10.100

3 40.00 %
P16 1000.00 usec

F1 - Acquisition parameters
TD 256

SFO1 600.1325 MHz
FIDRES 43.020374 Hz

SW 9.176 ppm
FnMODE QF

F2 - Processing parameters
Sl

SF 600.1300153 MHz
WDwW SINE
SSB 0

LB 0 Hz

GB 0

PC 1.40

F1 - Processing parameters
Sl 1024

MC2 QF
SF 600.1300153 MHz
WDW SINE
SSB 0

LB 0 Hz

GB 0
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Current Data Parameters
NAME

LH-1-71
EXPNO 14
PROCNO 1
F2 - Acquisition Parameters
Date_ 20220401
Time 21.06 h
INSTRUM spect
PROBHD  Z114607_0188 (
PULPROG hsqcedetgpsp.3
TD 1024
SOLVENT cDCI3
NS 2
DS 32
SWH 7211.539 Hz
FIDRES 14.085036 Hz

AQ 0.0709973 sec
RG 186.92
DwW 69.333 usec
DE 6.50 usec
TE .3 K
CNST2 145.0000000
DO 0.00000300 sec
D1 0.80000001 sec
D4 0.00172414 sec
D11 0.03000000 sec
D16 0.00020000 sec
D21 0.00360000 sec
INO 0.00001510 sec
av 1
ZGOPTNS
SFO1 600.1328223 MHz
NUC1 1H
P1 10.00 usec
P2 20.00 usec
PLW1 26.60000038 W
SF02 150.9178988 MHz
NUC2 C
CPDPRG[2 garp4
P3 11.80 usec
P14 500.00 usec
P31 1730.00 usec
PCPD2 60.00 usec
PLWO ow
PLW2 85.00000000 W

PLW12 3.28760004 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3 0.500
SPOFFS3 0 Hz

W 18.08300018 W
SPNAM[18 Crp60_xFilt.2
SPOAL18 0.500
SPOFFS18 0 Hz

SPW18 5.22629976 W
GPNAM[1] SMSQ10.100

PZ1 .00
GPNAM[2] SMSQ10.100
GPZ2 20.10 %
P16 1000.00 usec

F1 - Acquisition parameters
D 256

SFO1 150.9179 MHz
FIDRES 258.692047 Hz
Sw 219.408 ppm
FnMODE Echo-Antiecho

F2 - Processing parameters
S1 1024

SF 600.1300130 MHz
wbw QSINE
SSB

LB 0 Hz

GB 0

PC 1.40

F1 - Processing parameters
Sl1 1024

MC2 echo-antiecho

SF 150.9028010 MHz
wow

SSB

LB 0 Hz

GB 0



Me &\,

OH

SnBus

OTBDPS

Current Data Parameters

NAME ALLENE

EXPNO 10

PROCNO 1

F2 - Acquisition Parameters

Date 20220319

Time 14.07 h

INSTRUM spect

PROBHD  7114607_0188 (

PULPROG zg30

TD 180286

SOLVENT CDCI3

NS 16

DS 0

SWH 18028.846 Hz

FIDRES 0.200003 Hz

AQ 4.9999318 sec

RG 55.43

DW 27.733 usec

DE 8.00 usec

TE 300.0 K

D1 0.10000000 sec

TDO 1

SFO1 600.1337060 MHz

NUC1 1H

PO 3.33 usec

P1 10.00 usec

PLW1 26.60000038 W

F2 - Processing parameters

S1 262144

SF 600.1300159 MHz

WDW EM

SSB 0

LB 0.10 Hz

GB 0

PC 1.00
S



—7.692
7.679
7.677
7.675
7.672
7.671
7.669
7.667
7.666
7.665

——7.663

IS

7.661
7.659
7.657
7.656
7.653
7.651
7.649
7.645
7.643

U

7.639
7.636

Current Data Parameters

h

Hz
Hz
sec

usec
usec

sec
MHZz
usec

usec
W

MHz

Hz

NAME ALLENE
EXPNO 10
Me\j\ OH PROCNO 1
K OTBDPS F2 - Acquisition Parameters
Date_ 20220319
Time 14._07
INSTRUM spect
SnBus; PROBHD ~ Z114607_0188 (
PULPROG zg30
TD 180286
SOLVENT CDCI3
NS 16
DS 0
SWH 18028.846
FIDRES 0.200003
AQ 4.9999318
RG 55.43
DW 27.733
DE 8.00
TE 300.0
D1 0.10000000
TDO 1
SFO1 600.1337060
NUC1 1H
PO 3.33
P1 10.00
PLW1 26.60000038
F2 - Processing parameters
Sl 262144
SF 600.1300159
WDW EM
SSB 0
LB 0.10
GB 0
PC 1.00
R N L I A I I I I L I I
7.72 7.7 770 769 768 7.67 7.66 7.65 7.64 7.63 7.62 ppm
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7.441
7.439
7.436
7.433
7.431
7.426
7.423
7.419
7.417
7.416
7.414
7.411
7.409
7.405
7.401
7.393
7.387
7.380
7.369
7.367
7.366
7.363
7.360

T\l =

Me OH
\g\h OTBDPS

SnBuj

7.258

Current Data Parameters

h

Hz
Hz
sec

usec
usec

sec
MHZz
usec

usec
W

MHz

Hz

NAME ALLENE
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20220319
Time 14._07
INSTRUM spect
PROBHD  7114607_0188 (
PULPROG zg30
TD 180286
SOLVENT CDCI3
NS 16
DS 0
SWH 18028.846
FIDRES 0.200003
AQ 4.9999318
RG 55.43
DW 27.733
DE 8.00
TE 300.0
D1 0-.10000000
TDO 1
SFO1 600.1337060
NUC1 1H
PO 3.33
P1 10.00
PLW1 26.60000038
F2 - Processing parameters
S1 262144
SF 600.1300159
WDW EM
SSB 0

LB 0.10
GB 0

PC 1.00

748 7.46 744 742 740 738 736 734 732 730 7.28 7.26 7.24
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Current Data Parameters
NAME ALLENE
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20220319
Time 14.07 h
INSTRUM spect
PROBHD  7114607_0188 (
PULPROG zg30
TD 180286
SOLVENT CDCI3
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 55.43
1 DW 27.733 usec
T 1 DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
SFO1 600.1337060 MHz
NUC1 1H
PO 3.33 usec
P1 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
S1 262144
SF 600.1300159 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
I ) I ) I ) I ) I ) I ) I |
4.80 4.78 4.76 4.74 4.72 4.70 4.68 ppm
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Current Data Parameters
NAME ALLENE
EXPNO 10
Me\fs\ OH PROCNO 1
L] F2 - Acquisition Parameters
OTBDPS Date_ 20220319
Time 14.07 h
INSTRUM spect
SnBu PROBHD  7114607_0188 (
3 PULPROG zg30
TD 180286
SOLVENT CDCI3
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 55.43
' DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
SFO1 600.1337060 MHz
NUC1 1H
PO 3.33 usec
P1 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
S1 262144
SF 600.1300159 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
4.43 442 4.41 4.40 4.39 4.38 4.37 4.36 4.35 4.34 4.33 ppm

139



—3.687
—3.682
—3.670
—-3.665
—3.654
—3.648

Me N\,

OH

SnBu,

OTBDPS

Current Data Parameters

NAME ALLENE
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date 20220319

Time 14.07 h
INSTRUM spect
PROBHD  7114607_0188 (
PULPROG zg30

TD 180286
SOLVENT CDCI3

NS 16

DS 0

SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 55.43

DW 27.733 usec
DE 8.00 usec
TE 300.0 K

D1 0.10000000 sec
TDO 1

SFO1 600.1337060 MHz
NUC1 1H

PO 3.33 usec
P1 10.00 usec
PLW1 26.60000038 W

F2 - Processing parameters
S1 262144

SF 600.1300159 MHz
WDW EM

SSB 0

LB 0.10 Hz
GB 0

PC 1.00
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h

Hz
Hz
sec

usec
usec

sec
MHZz
usec

usec
W

MHz

Hz
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Current Data Parameters
NAME ALLENE
EXPNO 10
Me \ OH PROCNO 1
NG -
) F2 - Acquisition Parameters
OTBDPS Date_ 20220319
Time 14.07
INSTRUM spect
PROBHD  7114607_0188 (
S n B U3 PULPROG zg30
TD 180286
SOLVENT CDCI3
NS 16
DS 0
SWH 18028.846
| FIDRES 0.200003
AQ 4.9999318
RG 55.43
DW 27.733
DE 8.00
TE 300.0
D1 0-.10000000
TDO 1
SFO1 600.1337060
NUC1 1H
PO 3.33
P1 10.00
PLW1 26.60000038
F2 - Processing parameters
S1 262144
SF 600.1300159
WDW EM
SSB 0
LB 0.10
GB 0
PC 1.00
L D D L
2.74 2.73 2.72 2.71 2.70 2.69 ppm
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Current Data Parameters

h

Hz
Hz
sec

usec
usec

sec
MHZz
usec

usec
W

MHz

Hz

NAME ALLENE
EXPNO 10
PROCNO 1
Me\;r\ OH F2 - Acquisition Parameters
Date 20220319
° OTBDPS Time 14.07
INSTRUM spect
PROBHD 7114607 _0188 (
PULPROG zg30
SnBu3 TD 180286
SOLVENT cbcl3
NS 16
DS 0
-] SWH 18028.846
/////’”” FIDRES 0.200003
AQ 4.9999318
L RG 55.43
DW 27.733
DE 8.00
TE 300.0
D1 0.10000000
TDO 1
SFO1 600.1337060
NUC1 1H
PO 3.33
P1 10.00
I PLW1 26.60000038
F2 - Processing parameters

S1 262144
SF 600.1300159
WDW EM

SSB 0
LB 0.10

GB 0
PC 1.00

L e e e e e e
1.65 1.60 1.55 1.50 1.45 1.40 1.35 1.30 1.25 ppm
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N

Current Data Parameters

h

Hz
Hz
sec

usec
usec

sec
MHZz
usec

usec
W

MHz

Hz

NAME ALLENE
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20220319
Time 14._07
INSTRUM spect
PROBHD  7114607_0188 (
PULPROG zg30
TD 180286
SOLVENT CDCI3
NS 16
DS 0
SWH 18028.846
FIDRES 0.200003
AQ 4.9999318
RG 55.43
DW 27.733
DE 8.00
TE 300.0
D1 0-.10000000
TDO 1
SFO1 600.1337060
NUC1 1H
PO 3.33
P1 10.00
PLW1 26.60000038
F2 - Processing parameters
S1 262144
SF 600.1300159
WDW EM
SSB 0

LB 0.10
GB 0

PC 1.00

s B O R R R I BN
1.08 1.06 1.04 1.02 1.00 098 096 094 092 090 0.88 0.86 0.84
143
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Current Data Parameters

h

Hz
Hz
sec

usec
usec

sec
MHZz
usec

usec
W

MHz

Hz

NAME ALLENE
EXPNO 10
PROCNO 1
Me OH F2 - Acquisition Parameters
N AN Date_ 20220339
[ Time 14 .07
OTBDPS INSTRUM spect
PROBHD Z114607_0188 (
PULPROG zg30
TD 180286
SnBujy SOLVENT CcDCI3
NS 16
///W_,ﬂﬂ_.—fj) DS 0
SWH 18028.846
FIDRES 0.200003
AQ 4.9999318
RG 55.43
DW 27.733
DE 8.00
TE 300.0
D1 0.10000000
TDO 1
SFO1 600.1337060
NUC1 1H
PO 3.33
P1 10.00
PLW1 26.60000038
F2 - Processing parameters

Sl 262144
SF 600.1300159
WDW EM

SSB 0
LB 0.10

GB 0
MLW‘PC 1.00

""""" | L R B D N L I IR I
1.9 1.8 1.7 1.6 1.5 14 1.3 1.2 1.1 1.0 0.9 ppm
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Current Data Parameters
NAME ALLENE
Me OH EXPNO 10
ANEERAN PROCNO 1
. OTBDPS o
F2 - Acquisition Parameters
Date 20220319
Time 14.07 h
SnBu, INSTRUM spect
PROBHD  7114607_0188 (
PULPROG zg30
TD 180286
SOLVENT CDCI3
NS 16
DS 0
SWH 18028.846 Hz
H FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 55.43
Dw 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
SFO1 600.1337060 MHz
NUC1 1H
1 PO 3.33 usec
11 | P1 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
S1 262144
SF 600.1300159 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00

145



Me A, T

e OTBDPS Current Data Parameters
NAME ALLENE
EXPNO 11
PROCNO 1

SnBujy
F2 - Acquisition Parameters
Date 20220319
Time 15.36 h
INSTRUM spect
PROBHD 7114607_0188 (
PULPROG zgpg30
TD 119044
SOLVENT CDCI3
NS 2000
DS 4
SWH 37500.000 Hz
FIDRES 0.630019 Hz
AQ 1.5872533 sec
RG 186.92
DW 13.333 usec
DE 6.53 usec
TE 300.0 K
D1 1.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 150.9194058 MHz
NUC1 13C
PO 3.93 usec
P1 11.80 usec
PLW1 85.00000000 W
SF02 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltz64
PCPD2 70.00 usec
PLW2 27.00000000 W
PLW12 0.57327998 W
PLW13 0.28836000 W
F2 - Processing parameters
Sl 131072
SF 150.9028116 MHz
WDW EM
’ SSB 0
LB 1.00 Hz
| L |l iln...l | GB 0

PC 1.40

5 Y B B R
220 200 180 160 140 120 100 80 14660 40 20 ppm



129.74
129.72
—127.71

~_-200.77
=~ 200.64

<

Me OH
\;\h OTBDPS

SnBuj

Current Data Parameters

NAME ALLENE
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date 20220319

Time 15.36 h
INSTRUM spect
PROBHD  7114607_0188 (
PULPROG zgpg30

TD 119044
SOLVENT CDCI3

NS 2000

DS 4

SWH 37500.000 Hz
FIDRES 0.630019 Hz
AQ 1.5872533 sec
RG 186.92

Dw 13.333 usec
DE 6.53 usec
TE 300.0 K

D1 1.00000000 sec
D11 0.03000000 sec
TDO 1

SFO1 150.9194058 MHz
NUC1 13C

PO 3.93 usec
P1 11.80 usec
PLW1 85.00000000 W
SF02 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltz64
PCPD2 70.00 usec
PLW2 27.00000000 W
PLW12 0.57327998 W
PLW13 0.28836000 W

F2 - Processing parameters
Si 131072

SF 150.9028116 MHz
WDW EM

SSB 0

LB 1.00 Hz

Mdhmwwnuwmgg ° 1.40

205 200 195 190 185 180 175 170 165 160 155 1?2 145 140 135 130
7
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Current Data Parameters
NAME ALLENE
EXPNO 11
PROCNO 1
F2 - Acquisition Parameters
Me OH Date_ 20220319
\‘;\ INSTRUM 15'32 "
. spec
()-rEs[)F)ES PROBHD Z114607_0188 (
PULPROG zgpg30
TD 119044
SOLVENT CDCI3
SnBuj NS 2000
DS 4
SWH 37500.000 Hz
FIDRES 0.630019 Hz
AQ 1.5872533 sec
RG 186.92
Dw 13.333 usec
DE 6.53 usec
TE 300.0 K
D1 1.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 150.9194058 MHz
NUC1 13C
PO 3.93 usec
P1 11.80 usec
PLW1 85.00000000 W
SFO2 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltz64
PCPD2 70.00 usec
PLW2 27.00000000 W
PLW12 0.57327998 W
PLW13 0.28836000 W
F2 - Processing parameters
Sl 131072
SF 150.9028116 MHz
WwDwW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
I I I ! ! I I ]
90 85 80 75 70 ppm
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h

Hz
Hz
sec

usec
usec

sec
sec

MHz

usec
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MHz
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Current Data Parameters
NAME ALLENE
EXPNO 11
PROCNO 1
Me OH o
\\§é§§> F2 - Acquisition Parameters
* OTBDPS Date_ 20220319
Time 15.36
INSTRUM spect
PROBHD  7114607_0188 (
SnBus PULPROG zgpg30
TD 119044
SOLVENT CDCI3
NS 2000
DS 4
SWH 37500.000
FIDRES 0.630019
AQ 1.5872533
RG 186.92
DW 13.333
DE 6.53
TE 300.0
D1 1.00000000
D11 0.03000000
TDO 1
SFO1 150.9194058
NUC1 13C
PO 3.93
P1 11.80
PLW1 85.00000000
SF02 600.1324005
NUC2 1H
CPDPRG[2 waltz64
PCPD2 70.00
PLW2 27.00000000
PLW12 0.57327998
PLW13 0.28836000
F2 - Processing parameters
Si 131072
SF 150.9028116
WDW EM
SSB 0
LB 1.00
GB 0
PC 1.40
" 7 ] I I I
29.5 29.0 28.5 28.0 27.5 27.0 26.5 ppm
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Current Data Parameters
NAME ALLENE
EXPNO 11
PROCNO 1
F2 - Acquisition Parameters
Nle\ g‘\ OH Date_ 20220319 )
Time 15.36
. OTBDPS INSTRUM spect
PROBHD Z114607_0188 (
PULPROG zgpg30
TD 119044
SnBuj SOLVENT cDCI3
NS 2000
DS 4
SWH 37500.000 Hz
FIDRES 0.630019 Hz
AQ 1.5872533 sec
RG 186.92
Dw 13.333 usec
DE 6.53 usec
TE 300.0 K
D1 1.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 150.9194058 MHz
NUC1 13C
PO 3.93 usec
P1 11.80 usec
PLW1 85.00000000 W
SFO2 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltz64
PCPD2 70.00 usec
PLW2 27.00000000 W
PLW12 0.57327998 W
PLW13 0.28836000 W
F2 - Processing parameters
Sl 131072
SF 150.9028116 MHz
WwDwW EM
SSB 0
LB 1.00 Hz
I I | k GB 0
PC 1.40
22 21 20 19 18 14 13 12 11
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Me A, T
® OTBDPS
Current Data Parameters
NAME ALLENE
SnBu3 EXPNO 12
PROCNO 1
F2 - Acquisition Parameters
Date_ 20220319
Time 16.21 h
INSTRUM spect
PROBHD 7114607_0188 (
PULPROG deptspl35.b
TD 119044
SOLVENT CDCI3
NS 1000
DS 4
SWH 35714.285 Hz
FIDRES 0.600018 Hz
AQ 1.6666160 sec
RG 186.92
DwW 14.000 usec
DE 7.44 usec
TE 300.0 K
CNST2 145.0000000
D1 1.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
SFO1 150.9178962 MHz
NUC1 13C
P1 11.80 usec
P13 2000.00 usec
PLWO ow
PLW1 85.00000000 W
SPNAM[5] Crp60comp .4
SPOAL5 0.500
SPOFFS5 0 Hz
SPW5 18.08300018 W
SF02 600.1324005 MHz
NUC2 1H
CPDPRG[2 waltz64
P3 10.20 usec
P4 20.40 usec
PCPD2 70.00 usec
PLW2 27.00000000 W
PLW12 0.57327998 W
F2 - Processing parameters
Si 131072
SF 150.9028085 MHz
WDW EM
SSB 0
1
T ' T ' T ' T ' T ' T ' T ' T ' T ' T ' T — 0 1.00 Hz
200 180 160 140 120 100 80 60 40 20 0 ppmerc 1.40
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Current Data Parameters

NAME ALLENE

EXPNO 13

PROCNO 1

F2 - Acquisition Parameters

Date_ 20220319

Time 16.32 h

INSTRUM spect

PROBHD  Z114607_0188 (

PULPROG cosygpmfppqf

D 2048

SOLVENT CcDCI3

NS 2

DS 8

SWH 5514.706 Hz

FIDRES 5.385455 Hz
0.1856853 sec

RG 186.92

DwW 90.667 usec

DE 6.50 usec

TE 300.0 K

DO 0.00000300 sec

D1 0.87302327 sec

D11 0.03000000 sec

D12 0.00002000 sec

D13 0.00000400 sec

D16 0.00020000 sec

INO 0.00018160 sec

TDav 1

SFO1 600.1325169 MHz

NUC1 1H

P1 10.00 usec

P17 2500.00 usec

PLW1 26.60000038 W

PLW10 4.25600004 W

GPNAM[1] SMSQ10.100

GPZ1 16.00 %

GPNAM[2] SMSQ10.100

GPZ2 12.00 %

GPNAM[3] SMSQ10.100

GPZ3 40.00 %

P16 1000.00 usec

F1 - Acquisition parameters
TD 256

SFO1 600.1325 MHz
FIDRES 43.020374 Hz

SwW 9.176 ppm
FnMODE QF

F2 - Processing parameters
Sl

SF 600.1300139 MHz
WDwW SINE
SSB 0

LB 0 Hz

GB 0

PC 1.40

F1 - Processing parameters
Sl 1024

MC2 QF
SF 600.1300151 MHz
WDW SINE

SSB 0

LB 0 Hz

GB 0
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Current Data Parameters
NAME ALl

LENE

EXPNO 14
PROCNO 1
F2 - Acquisition Parameters
Date_ 20220319
Time 16.41 h
INSTRUM spect
PROBHD 7114607_0188 (
PULPROG hsqcedetgpsp-3
TD 1024
SOLVENT CcDCI3
NS 2
DS 32
SWH 7211.539 Hz
FIDRES 14.085036 Hz
AQ 0.0709973 sec
RG 186.92
Dw 69.333 usec
DE 6.50 usec
TE 0.3 K
CNST2 145.0000000
DO 0.00000300 sec
D1 0.80000001 sec
D4 0.00172414 sec
D11 0.03000000 sec
D16 0.00020000 sec
D21 0.00360000 sec
INO 0.00001510 sec
TDhav 1
ZGOPTNS
SFO1 600.1328223 MHz
NUC1 1H
P1 10.00 usec
P2 20.00 usec
PLWL 26.60000038 W
SF02 150.9178988 MHz
NUC2 13C
CPDPRG[2 garp4
P3 11.80 usec
P14 500.00 usec
P31 1730.00 usec
PCPD2 60.00 usec
PLWO 0
PLW2 85.00000000 W
PLW12 3.28760004 W
SPNAM[3] Crp60,0.5,20.1
SPOAL3 0.500
SPOFFS3 0 Hz

W. 18.08300018 W
SPNAM[18 Crp60_xFilt.2
SPOAL18 0.500
SPOFFS18 0 Hz
SPW18 5.22629976 W
GPNAM[1] SMSQ10.100

PZ1 .00 %
GPNAM[2] SMSQ10.100
GPZ2 20.10 %
P16 1000.00 usec

F1 - Acquisition parameters
TD 256

SFO1 150.9179
FIDRES 258.692047
Sw 219.408
FnMODE Echo-Antiecho

MHz
Hz
ppm

F2 - Processing parameters
S1 1024

WDW

SSB

LB 0 Hz

GB 0

PC 1.40

SF 600.1300128
QSINE

s1

mc2 echo-antiecho
SF 150.9028016
WDw

SSB

LB 0 Hz

GB 0

MHz

F1 - Processing parameters
1024

MHz



Part G. The 600.13 MHz 'H NMR Ratio Determinations For
the Tributylstannylallene 15 and Tributylstannylvinyltin 16
in CDCI; Over the 313 K-353 K Temperature Range
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H
OTBDPS  BusSnH (2.03 eq) H  OH & oH
V4 PhMe (0.096 M) N OTBDPS N Et” N, OTBDPS
EtsB / O, cat [
3 2 " SHBU3
40°C,21h SnBus

Current Data Parameters
NAME LH-I-89 CRUDE
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20220504
Time 12.07 h
INSTRUM spect
PROBHD 2114607 0188 (
PULPROG zg30
TD 180286
SOLVENT CDC13
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 22.13
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
SFO1 600.1337060 MHz
NUC1 1H
PO 3.33 usec
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300205 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0

U PC 1.00

MMNJmﬂLMumwMW) AT e )
""""" [ R D e D N L L ELE L I
5.6 5.5 5.4 5.3 5.2 5.1 5.0 4.9 4.8 ppm
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Stamp


OH

H
OTBDPS Bu3SnH (2.03 eq) H OH FK OH
' OTBDPS AN
Vi PhMe (0.096 M) N B . BN, OTBDPS
EtsB / O cat. SnBu3
40°C,21h SnBus

Current Data Parameters
NAME LH-I-90 CRUDE
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20220504
Time 12.15 h
INSTRUM spect
PROBHD 2114607 0188 (
PULPROG zg30
TD 180286
SOLVENT CDC13
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 27.87
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
SFO1 600.1337060 MHz
NUC1 1H
PO 3.33 usec
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300186 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0

U ' PC 1.00

osed '
H L L N L L I B I I B
5.6 5.5 54 5.3 5.2 51 5.0 4.9 4.8 ppm
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journal
Stamp


OH

H
OTBDPS BusSnH (2.03 eq) H OH ;}\ OH
4/ PhMe (0.096 M) N A OTBDPS . Et . OTBDPS
Et;B / O, cat. SnBu,
40°C,19h SnBu;

Current Data Parameters
NAME LH-I-93 CRUDE
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20220519
Time 15.05 h
INSTRUM spect
PROBHD 2114607 0188 (
PULPROG zg30
TD 180286
SOLVENT CDC13
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 31.58
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
SFO1 600.1337060 MHz
NUC1 1H
PO 3.33 usec
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300178 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0

U PC 1.00

""""" I I N I I EE L I L I
5.7 5.6 5.5 54 5.3 5.2 51 5.0 4.9 4.8 ppm
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Stamp


OH

H
OTBDPS Bu;SnH (2.03 eq) H  OH ;}\ oH
Vi PhMe (0.096 M) _ N OTBDPS N BTN, OTBDPS
EtsB / 02 cat. SnBu3
40°C,19h SnBujy

Current Data Parameters
NAME LH-I-94 CRUDE
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20220519
Time 15.11 h
INSTRUM spect
PROBHD 2114607 0188 (
PULPROG zg30
TD 180286
SOLVENT CDC13
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 19.42
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
SFO1 600.1337060 MHz
NUC1 1H
PO 3.33 usec
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300216 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0

U PC 1.00
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Stamp


H
OTBDPS Bu;SnH (2.03 eq) IJ\ H
i OTBDPS
VA PhMe (0.096 M) . Bt N, —
EtsB / 02 cat. :
50°C,19h SnBus

Current Data Parameters
NAME LH-I-91 CRUDE
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20220504
Time 11.31 h
INSTRUM spect
PROBHD 2114607 0188 (
PULPROG zg30
TD 180286
SOLVENT CDC13
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 13.75
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
SFO1 600.1337060 MHz
NUC1 1H
PO 3.33 usec
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300215 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0

U PC 1.00

N D D U U L L L I B
5.6 5.5 5.4 5.3 5.2 5.1 5.0 4.9 4.8 ppm
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160

OH H
OTBDPS Bu,SnH (2.03 eq) & H
/ OTBDPS

Et;B / O, cat. .  Data D .
urren ata Parameters

50°C, 19 h SnBus NAME LH-I-92 CRUDE
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20220504
Time 11.40 h
INSTRUM spect
PROBHD 2114607_0188 (
PULPROG zg30
TD 180286
SOLVENT CDC13
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 25.17
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
SFO1 600.1337060 MHz
NUC1 1H
PO 3.33 usec
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
SI 262144
SF 600.1300198 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00

""""" I R D D D D A I DA
5.6 5.5 5.4 5.3 5.2 5.1 5.0 4.9 4.8 ppm


journal
Stamp


H
OTBDPS  Bu,SnH (2.03 eq) & H
Y PhMe (0.096 M) A OTBDPS BTN,
7 - N _OTBDPS
EtsB / O, cat. SnBu
50°C, 19 h 3 SnBus

Current Data Parameters
NAME LH-I-95 CRUDE
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20220519
Time 15.19 h
INSTRUM spect
PROBHD 2114607 0188 (
PULPROG zg30
TD 180286
SOLVENT CDC13
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 27.87
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
SFO1 600.1337060 MHz
NUC1 1H
PO 3.33 usec
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300215 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0

U PC 1.00

161


journal
Stamp


OTBDPS Bu,SnH (2.03 eq)

H
H &
L oTBDPS Et
+

162

H
PhMe (0.096 M) N —
Et3B / 02 cat.
50°C, 19 h SnBuj

Current Data Parameters
NAME LH-I-96 CRUDE
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20220519
Time 15.25 h
INSTRUM spect
PROBHD 2114607 0188 (
PULPROG zg30
TD 180286
SOLVENT CDC13
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 12.81
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
SFO1 600.1337060 MHz
NUC1 1H
PO 3.33 usec
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300248 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0

0 PC 1.00

""""" I R D D D D A I DA
5.6 5.5 5.4 5.3 5.2 5.1 5.0 4.9 4.8 ppm
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H
OTBDPS BusSnH (2.03 eq) H OH H}\ OH
. OTBDPS N
Vi PhMe (0.096 M) N . Et™ N OTBDPS
Et;B / O, cat. SHBU3
60°C,20h SnBug
Current Data Parameters
NAME LH-I-85 CRUDE
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20220502
Time 13.59 h
INSTRUM spect
PROBHD 2114607 0188 (
PULPROG zg30
TD 180286
SOLVENT CDC13
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 27.87
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
SFO1 600.1337060 MHz
NUC1 1H
PO 3.33 usec
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300190 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
""""" [ R D e D D L L ELE L I
5.6 5.5 5.4 5.3 5.2 5.1 5.0 4.9 4.8 ppm
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Stamp


OH

H
OTBDPS Bu;SnH (2.03 eq) H OH ;J\ OH
OTBDPS
Y PhMe (0.096 M) N . Bt N OTBDPS
Et;B / 02 cat. SDBU3
60°C,20h SnBuj
Current Data Parameters
NAME LH-I-86 CRUDE
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20220502
Time 14.08 h
INSTRUM spect
PROBHD 2114607 0188 (
PULPROG zg30
TD 180286
SOLVENT CDC13
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 27.87
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
SFO1 600.1337060 MHz
NUC1 1H
PO 3.33 usec
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300192 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
""""" [ R D e D D L L L I
5.6 5.5 5.4 5.3 5.2 5.1 5.0 4.9 4.8 ppm
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OH

H
OTBDPS Bu;SnH (2.03 eq) H OH ;j\ OH
W PhMe (0.096 M) N OTBDPS BTN,
7 N OTBDPS
70°C. 21 h : SnBu,
Current Data Parameters
NAME LH-I-77 CRUDE
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20220426
Time 21.11 n
INSTRUM spect
PROBHD 2114607 0188 (
PULPROG zg30
TD 180286
SOLVENT CDC13
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 49.63
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
SFO1 600.1337060 MHz
NUC1 1H
PO 3.33 usec
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300155 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
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Stamp


OH

H
OTBDPS  Bu,SnH (2.03 eq) H OH ;}\ OH
i PhMe (0.096 M) N OTBDPS Et” N,
7 N OTBDPS
Et3B / 02 cat. SnBu
70°C.21h ° SnBus
Current Data Parameters
NAME LH-I-78 CRUDE
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20220426
Time 16.31 h
INSTRUM spect
PROBHD 2114607 0188 (
PULPROG zg30
TD 180286
SOLVENT CDC13
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 43.25
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
SFO1 600.1337060 MHz
NUC1 1H
PO 3.33 usec
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
SI 262144
SF 600.1300164 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00

5.6 5.5 5.4 5.3 5.2 5.1 5.0 4.9 4.8 ppm
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OTBDPS Bu,SnH (2.03 eq)

H
OTBDPS E f& &
J N,
. OTBDPS

167

PhMe (0.096 M)
EtsB / 02 cat.
70°C,19h SnBug
Current Data Parameters
NAME LH-I-87 CRUDE
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20220502
Time 14.16 h
INSTRUM spect
PROBHD 2114607 0188 (
PULPROG zg30
TD 180286
SOLVENT CDC13
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 34.91
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
SFO1 600.1337060 MHz
NUC1 1H
PO 3.33 usec
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300173 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
""""" I R D D D D A I DA
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OH H
OTBDPS Bu;SnH (2.03 eq) H
Vi PhMe (0.096 M) Et —

Et;B/ O, cat. SnBujy Current Data Parameters

70°C,19h SnBuj NAME LH-I-88 CRUDE
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20220502
Time 14.25 h
INSTRUM spect
PROBHD 2114607_0188 (
PULPROG zg30
TD 180286
SOLVENT CDC13
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 25.17
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
SFO1 600.1337060 MHz
NUC1 1H
PO 3.33 usec
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
SI 262144
SF 600.1300202 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0

u PC 1.00
""""" I R D D D D A I DA
5.6 5.5 5.4 5.3 5.2 5.1 5.0 4.9 4.8 ppm
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Stamp


OH

H
OTBDPS Bu,SnH (2.03 eq) H OH & H
4? PhMe(Q096M)‘ A\ OTBDPS .\ Et . OTBDPS
' E‘tsB / 02 cat. SnBu
80°C, 19 h 2 SnBu,

Current Data Parameters
NAME LH-I-73
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20220407
Time 18.07 h
INSTRUM spect
PROBHD 2114607 0188 (
PULPROG zg30
TD 180286
SOLVENT CDC13
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 7.97
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
SFO1 600.1337060 MHz
NUC1 1H
PO 3.33 usec
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
SF 600.1300252 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0

d PC 1.00

""""" [ R D e D D L L ELE L I
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Stamp


H
H
OTBDPS BusSnH (2.03 eq) H  OH :& H
Y PhiMe (0.096 M) _ A OTBDPS = -\j\/orsnp .
EtsB foZ cat. SnBU3 ‘
80°C,19h SnBujg

Current Data Parameters
NAME LH-I-74
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20220407
Time 18.15 h
INSTRUM spect
PROBHD 2114607_0188 (
PULPROG zg30
TD 180286
SOLVENT CDC13
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 6.18
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
SFO1 600.1337060 MHz
NUC1 1H
PO 3.33 usec
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
SI 262144
SF 600.1300288 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0

U U PC 1.00

""""" I R D D D D A I DA
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Stamp


H
OTBDPS BusSnH (2.03 eq) H  QH & H
é? PhMe (0.096 M) N OTBDPS . Et . OTBDPS
EtsB / 02 cat. SnBu
80°C, 19 h 3 SnBus Current Data Parameters
NAME LH-I-83 CRUDE
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20220428
Time 20.33 h
INSTRUM spect
PROBHD 2114607 0188 (
PULPROG zg30
TD 180286
SOLVENT CDC13
NS 16
DS 0
SWH 18028.846 Hz
FIDRES 0.200003 Hz
AQ 4.9999318 sec
RG 49.63
DW 27.733 usec
DE 8.00 usec
TE 300.0 K
D1 0.10000000 sec
TDO 1
SFO1 600.1337060 MHz
NUC1 1H
PO 3.33 usec
Pl 10.00 usec
PLW1 26.60000038 W
F2 - Processing parameters
ST 262144
F 600.1300168 MHz
DW EM
SB 0
B 0.10 Hz
B 0
C 1.00
N D D D U A L L I I
5.6 5.5 54 5.3 5.2 5.1 5.0 4.9 4.8 ppm
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