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The group only considered pathway A for all four substrates, because pathway B would have
rendered Il and 1V indistinguishable from | and Il. Model substrates I-IV were not identical to

the substrates used in the experimental studies cited by Thiel, however lll and |V are similar to



substrates used by Alois Fiirstner in his synthesis of (-)Salicylihalamide.'” The computational
predictions of stereoselectivity with substrates Il and IV made by Vyboishchikov and Thiel are
in qualitative agreement with the experimental E/Z ratios, 0:100 and 66:34 respectively,
observed by Fiirstner. This study identifies the 2™ metallacycle as the key intermediate that
determines the stereochemistry of the final product, and also shows that it is possible to
predict, at least qualitatively, the stereochemical outcome of RCM reactions using

computational methods.

If the formation/cleavage of metallacycle 5 (figure 2) determines the stereochemistry
and is the rate determining step, then whether the E or Z isomer is favored will depend on

whether the E or Z metallacycle has a lower barrier of formation. Figure 8 shows the relative

[ 7]
— \\\Mm -
o E
E e Ru
l,, - /
L ~
ol Ru
—

Rxn coordinate

barriers of formation and metallacycle stabilities for the formation of the key metallacycle as
either the E or Z form. In the diagram, the Z metallacycle is more favorable, because there is a
lower E,: associated with its formation. Comparing the energies of the E and Z

metallacyclobutane intermediates should be indicative of the relative stabilities of the
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transition states that lead to those intermediates. Therefore the relative stabilities of the

metallacycle intermediates can be used to estimate the barriers of formation by the Hammond-

Leffler postulate.

Our metathesis research focuses on combining the experimental study performed by
Lee and Grubbs in 2000 and the computational study performed by Vyboishchikov and Thiel in
2005. We are synthesizing a series of methyl-substituted 10-membered lactone rings via RCM
using Grubb’s 1% generation catalyst and rationalizing the observed E/Z selectivities by
computational means. We have also began computationally studying a series of t-butyl
substituted 10-membered lactone rings. Understanding how steric bulk substituted around the
diene backbone influences stereoselectivity will provide a model for predicting the favored

alkene isomer for similar RCM systems.

Discussion

Computational

For a set of 5 methyl-substituted RCM substrates we have completed a computational
study of the relative stabilities of E and Z metallacyclobutane intermediates the DFT-B3LYP level

of theory. We have also made progress towards the synthesis and ring closing of these five

OORGT

yl-substitutac

substrates using the G1 catalyst, in order to determine experimental E/Z selectivities. The
experimentally determined E:Z ratios were used to gauge the predictive ability of our
computational model, in terms of identifying the favored isomer. A computational study of an

analogous t-butyl substituted series of substrates has also been completed in order to



determine the effects of a more sterically demanding substituent on the predicted E/Z

selectivity of RCM with the G1 catalyst.

We are not studying terminally substituted olefin substrates, since Lee and Grubbs did
not observe any significant change in E/Z ratios when using different auxiliary groups. This may
be a result of the initial metathesis event removing the auxiliary before the stereochemistry
defining metallacycle formation (see mechanism in figure 2). In order to sidestep this potential

problem, we examined substrates where the substituent is present throughout the reaction.

A total of 72 intermediates were examined (8 intermediates for each of the 9
substrates), all of which featured a non-classical structure for the metallacycle. The comparison
of these intermediates with cyclobutane highlights several unique features of the

metallacyclobutane. Cyclobutane is symmetrical, with four equal bonds and angles.
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The presence of the ruthenium atom, significantly distorts the cyclobutane ring. The
metallacycle has two sets of similar bonds. The weaker Ru-C bonds AB and AC are significantly
longer than the C-C bonds BD and CD. This gives the metallacycle a compressed structure,

wherein the ruthenium atom (A) and the carbon atom (D) are closer together than they are in



cyclobutane. The bond angles ABD, ACD, and BAC are much smaller for metallacyclobutane

than the corresponding cyclobutane angles, upwards of 30% smaller for angle ACD. Despite

having all equal bond lengths and angles, cyclobutane is not planar. It instead adopts a

“puckered” conformation which helps relieve conformational strain. It was surprising to see

that these metallacycles are essentially planar. Figure 9 shows the planar metallacycle

(substrate is not shown) alongside the puckered cyclobutane, highlighting the differences.

"

¢-¢

The metallacycle RCM intermediates have not
been previously isolated or even observed
spectroscopically, and so these non-classical
structures cannot be confirmed experimentally.®
However, Suresh and Koga published a

computational study in 2004 examining the structure

of unsubstituted metallacyclobutanes such as that in figure 9. They concluded that a bonding

interaction exists between the orbitals of the three carbon fragment and the formally empty dy2

¥ Sanford, M.S. PhD. Dissertation, California Institute of Technology, 2001



orbital on ruthenium. *® This stabilizing interaction is maximized for a planar metallacycle with
the Ru and opposite C atoms in close proximity, which explains the unique structure of the
metallacycle. We have found this Interaction to also influence the structures of the

metallacycles substituted with 10-membered lactone substrates.

Entry Substrate Most stable AE (kJ/mol) Predicted major
intermediate product

Figure 14: Computational predictions of kinetic product for the methyl series

For each substrate examined in this study we have calculated the energy of the 8
possible metallacycles which cleave to give the final product. Each substrate can give rise to 4
metallacycles that cleave to give E product and 4 that cleave to give Z product alkenes. The
energies of these intermediates are tabulated in the results section. For each substrate, the

most stable E and Z intermediates were compared to determine the overall more stable

¥ suresh, C.H.; Koga N. Organometallics 2004, 23, 76-80



intermediate and the relative energy difference between the two. Figure 14 summarizes the

computational results for the series of methyl substituted 10-membered lactone ring RCM

substrates. In all but the 4™ substrate, the E intermediate is more stable and thus the E alkene

product is predicted to be the kinetic (favored) product. The 4" substrate, which has an allyl

methyl group, the Z intermediate is more stable. However, for all but the 5" and possibly g

substrates, the difference in energies between the E and Z intermediates is small. We would

expect poor E/Z selectivity for substrates 1, 3, 4 and E selectivity for the 2" and 5% substrates.

A series of tert-butylated substrates were examined to determine if a more sterically

demanding substituent resulted in greater energy differences between E and Z intermediates

and therefore a greater predicted E/Z selectivity. For substrates 6-9, the E intermediate is more

Entry

Substrate

Most stable
intermediate

AE (kJ/mol)

Predicted major
product

14

t-Bu

stable, but for all but the 6™ substrate the difference in energy between the intermediates

S

relatively small. For this set of substrates we would expect to see a slight preference for the E



Analogous to the first set of substrates, substitution at the carbinol carbon atom is predicted to

have more influence over E/Z selectivity.

Synthesis

Reduction of each alcohol substrate proceeded smoothly, in all cases giving near
quantitative yields. It was found that 5-penten-2-ol was too volatile to be dried under a high
vacuum without sacrificing a significant amount of product. This would have made the removal
of typical flash chromatography solvents difficult. Therefore, each alcohol product was taken on
crude into the DCC coupling reaction with 5-hexenoic acid. The crude products were fairly pure
by proton NMR, owing to the fact that after quenching, aluminum salts are easily removed by
filtration. Confirmation of successful reduction was obtained from the *C NMR spectrum which
shows a loss of a peak in the 170-180 range and the appearance of a peak around 60,

corresponding to the transformation of the carbonyl group into an alcohol group.

Coupling each alcohol substrate with 5-hexenoic acid generally afforded the
corresponding diene in a moderate to high yield. This was not the case for 2-methylpent-4-enyl
hex-5-enoate, which may have been an issue with moisture or impurities from the crude
alcohol. It does not seems likely that the lower yield is a result of the substrate. The coupling
results from nucleophilic attack by the alcohol on the activated carboxylic acid. Therefore, if
crowding near the attacking oxygen atom by the methyl group were the cause of the lower
yield, it would be expected that the yield would have been equally poor for the synthesis of
hex-5-en-2-yl hex-5-enoate. A mixture of NMR and TLC was used to verify that the coupling had
occured. A single spot by TLC along with the appropiate number of carbons and protons by

NMR, suggested that the diene had been successfully made.

RCM using Grubb’s 1% generation catalyst proceeded smoothly and rapidly with catalyst
loadings of 10% by mo le. At the .5mmol scale, for the substrates in this study, reactions
reached completion in approximately 3 hours. Even after DMSO treatment and filtration, the

crude products contained high levels of ruthenium. Ruthenium byproducts tended to streak



down a flash column, eluting with pure hexanes for several fractions helped to remove some of
these impurities. A gradient starting from 40:1 hexanes/ethyl acetate worked well for most
substrates, but early fractions still contained ruthenium and were colored brown. 4 NMR
spectrums of the crude reaction mixtures were used to determine the E/Z ratio by comparing

the relative integrations of the E and Z alkene hydrogens.

The experimentally determined E/Z ratios determined so far are in agreement with our

computational predictions in that the reaction is non-stereoselective.

Substrate E/Z Substrates 1 and 2 produced essentially 1:1 mixtures of the
1 1.2:1 E and Z alkene isomers. This agrees with our computational
2 1:1.6 analysis which showed that for substrates 1 and 2 there are
3 TBD small energy differences between the E and Z forms of the
4 TBD key metallacycle (Fig 2, compound 5).
5 TBD
Conclusions

For both series of substrates (methyl substituted and t-butyl substituted) we have found
only small energy differences between the £ and Z metallacycle intermediates. The structure of
these intermediates is non-classical, the planar and distorted structure of the
metallacyclobutane owes to orbital interactions which have been previously described by other
groups. We have shown that for metallacycles substituted with 10-membered lactone
substrates, the unigue metallacycle structure is preserved. For substrates studied thus far, small
energy differences between E and Z metallacycles correlates to ~1:1 E/Z mixtures when RCM is

performed.



Future Work

The synthesis and characterization of three lactones in the methyl substituted series still
remains, and there are other systems that seem worthwhile to investigate as well. Crimmins
reported dramatic Z selectivity when starting from a substrate with a quaternary carbon on the
diene (scheme 2, compound 10). It would be worthwhile to investigate whether this effect is
predominately steric in nature. Substrates similar to 10, each with differing steric bulk at the
carbinol carbon atom, can be computationally examined, synthesized, and used for RCM. The
location of the quaternary carbon can also be varied, in order to determine which positions can

heavily influence Z selectivity. Larger ring systems would also be interesting to examine.

Exerpimental
Computational

All computations were performed using Spartan 2006 and Spartan 2008. Eight metallacycle
intermediates (four E type and four Z type) were built for each substrate. The metallacycles

were then geometry optimized at the DFT-B3LYP level of theory using the LACVP* basis set as

implemented in Spartan.

Synthetic

Unless otherwise noted, all reactions were run under an inert atmosphere of nitrogen.
Dichloromethane (DCM) was distilled over CaH,, tetrahydrofuran (THF) was distilled over
sodium with a benzophenone indicator. All other commercially available reagents and solvents
were used as received without further purification. Reactions were monitored by thin layer
chromatography, using either 4:1 or 10:1 hexanes/ethyl acetate. TLC plates were developed
under UV-light and stained with KMnQO,. 4 and ®c NMR spectrums were taken using a Varian

400 MHz nuclear magnetic resonance spectrometer and were referenced to TMS.



1.LIAIH,4, THF

-78°C ta RT,
9] overnight OH
\/\)J\ W
2. NaOH (aq)

General procedure: To an oven dried 10mL round bottom flask equiped with a stir bar was
charged of Lithium Aluminum Hydride (LAH) (70mg, 1.752mmol). The reaction vessel was
sealed and pumped/purged with nitrogen. The flask was placed in a -78°C acetone bath and
3mL of distilled THF were added through the septum using a syringe. The substrate (.225mlL,
1.752mmol) was dissolved in 2mL of distilled THF, this solution was slowly added to the flask via
syringe. The reaction was warmed to room temperature and left to stir overnight and quenched
by addition of .6mL water, .6mL 15% NaOH, and 1.8mL water in turn. The crude mixture was
filtered through celite and the solids were washed with diethyl ether ( 2 X 10mL). The filtrate
was dried over MgSQ,, filtered, concentrated down using a rotary evaporator and placed on the

house vacuum line to remove any remaining solvent.

5-penten-2-ol

/\/\rOH

RF=0.38

IH NMR (400MHz, CDCl3) 5.9 (m, 1H), 5.0 (q, 2H), 3.9 (m, 1H), 2.2 (m, 2H), 1.6 (m, 2H), 1.4 (s,
1H), 1.2 (d, 3H); **C NMR100 MHz, CDCls) 6139, 117, 68, 39, 30, 24



4-penten-1-ol
WOH
RF =0.38

'H NMR (400 MHz, CDCl5) d 5.8 (m, 1H), 5.0 (m, 2H), 4.7 (t, 2H), 2.2 (m, 2H), 2.1 (br, 1H),
1.7(m, 2H); *C NMR(100 MHz, CDCl;)

2-methyl-4-penten-1-ol

/\)VOH

RF=0.34

"H NMR (400 MHz, CDCl3) 65.9 (m, 1H), 5.0 (t, 2H), 3.5 (m, 2H), 2.2 (m, 1H), 1.2 {t, 2H), 0.9 (d,
3H); *C NMR(100 MHz, CDCl;) §137, 116, 68, 38, 36, 26

3-methyl-4-penten-1-ol

et

RF=0.32

"H NMR (400 MHz, CDCl) 85.8 (m, 1H), 5.0 (t, 2H), 3.65 (m, 2H), 2.3 (m, 1H), 1.6 (q, 2H), 1.0 (d,
3H); *C NMR(100 MHz, CDCl;) 6144, 113, 61, 40, 35, 20

4-methyl-4-penten-1-ol



/L\/\/OH

RF =0.32

'H NMR (400 MHz, CDCl3) §4.7 (d, 2H), 3.65 (m, 2H), 2.1 (t, 2H), 1.73 (s, 3H), 1.7 (m, 2H), 1.45
(broad, 1H); *C NMR(100 MHz, CDCls) 6145, 110, 63, 34, 30, 22

DCC, DMAP, DCM
5-hexenoic acid, RT o
OH 3 days

\/\)\

General procedure: To an oven dried 250mL RBF with stir bar was charged
Dicyclohexylcarboiimide(DCC) (309mg, 4.5mmol) and Dimethyalaminopyridine(DMAP) (61mg,
1.5mmol) in 100mL of distilled DCM. The reaction vessel was sealed and pumped/purged with
nitrogen. Via syringe were added the alcohol (100mg, 3mmol) and carboxylic acid (137mg,
3.6mmol). The reaction was stirred for several days at room temperature, checked by thin layer
chromatography. The crude mixture was filtered through celite and the solids were washed
with 2X30mL diethyl ether. The filtrate was dried over MgS0,, concentrated, and placed on the
high vacuum line to remove any remaining solvent. Crude product was purified by flash

chromotagraphy using 20:1 or 30:1 hexanes/ethyl acetate.

hex-5-en-2-yl hex-5-enoate

RF=0.89



*H NMR {400MHz, CDCls) 65.8 (m, 2H), 5.0 (m, 4H), 4.1 (t, 1H), 2.3 (t, 2H), 2.1 (m, 4H), 1.7 (m,
4H), 1.3(d, 3H); *C NMR(100 MHz, CDCls)

pent-4-enyl hex-5-enoate

RF=0.89

'H NMR (400MHz, CDCls) 65.8 (m, 2H), 5.0 (m, 4H), 4.1 (t, 2H), 2.3 (t, 2H), 2.1 (m, 4H), 1.7 (m,
4H); 3C NMR(100 MHz, CDCl3) 6174, 138, 137.5, 115.9, 115, 64, 33.6, 33, 30, 28, 24

2-methylpent-4-enyl hex-5-enoate

RF =0.85

'H NMR (400 MHz, CDCl3) 65.8 (m, 2H), 5.0 (m, 4H), 3.9 (t, 1H), 3.7 (m, 1H), 2.4 (m, 4H), 2.1 (t,
2H), 1.8 (m, 4H), 1.3 (m, 4H); *C NMR(100 MHz, CDCl3) 6179, 138, 137.5, 115.9, 115, 58, 35, 31,
28,27, 25, 24



3-methylpent-4-enyl hex-5-enoate

RF=0.87

"H NMR (400MHz, CDCl3) 85.6-5.8 (m, 2H), 5.0 (m, 4H), 4.1 (m, 2H), 2.3 (t, 2H), 2.25 (m, 1H),
1.75 (t, 2H), 1.65 (q, 2H), 1.06 (d, 3H); **C NMR(100 MHz, CDCls) §174, 143, 138, 116, 114, 63,

35.8, 35, 33.5, 33, 24, 20

3-methylpent-4-enyl hex-5-enoate

RF=0.85

'H NMR (400 MHz, CDCl3) 65.8(m, 1H), 5.0 (t, 2H), 4.7 (d, 2H), 4.1 (t, 2H), 2.3 (t, 2H), 2.1 (m, 4H),
1.75(m, 7H); **C NMR(100 MHz, CDCls) 6174, 145, 138, 116, 111, 63.5, 34, 33.8, 33, 27, 24.3, 23



O o)
G1, DCM,
O Ax, 3 hrs 0
™
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General procedure: To an oven dried 500mL round bottom flask equiped with a stirbar was
charged the diene (100mg, .550mmol) in 200mL of distilled DCM. To this was added Grubb’s 1%
generation catalyst (50mg, .06mmol). The vessel was equiped with a condenser and the
reaction was refluxed for 2-3 hours, checked by thin layer chromatography. The reaction was
quenched with DMSO (.250mL) and allowed to stir overnight at room temperature. The crude
mixture was filtered through a 2cm pad of silica and the solids were washed with 100mL of 4:1
hexanes/ethyl acetate. Crude product was purified by flash chromatography using a gradient

40:1->30:1->20:1 hexanes/ethyl acetate. Residual ruthenium colors the product brown.



Sample ID: s_20090529_07
Filae: s_20090529_07/data/Proton_01
Automation directory: /home/walkup4d/vnmrsys/data/aute_2009.05.21

Pulse Sequence: sZpul

Solvent: cdel3

Temp. 26.0 C / 299.1 K
Sample #1, Operator: walkupd
File: Proton_01

VNMRS~400 "Varian-NMR"

Relax. dalay 1.000 sac
Pulse 45.0 degrees

Acq. time 2.049 sac

Width 6410.3 Hz

32 repetitions
OBSERVE H1, 399.8464025 MH=z
DATA PROCESSING

Resol. enhancement -0.0 Hz
FT siza 65536

Total time I min, 44 sec

cBR

\q-3%

VARIAN

K/

.11



Sample ID: s_20090123_06
File: 0201
Automation directory: /home/walkup3/vnmrsys/studies/expl/auto_2009.01 .23

Pulse Saquence: s2pul

Solvent: cdcl3

Temp. 26.0 C / 299.1 K
Sample #2, Operator: walkup3
File: 0201

VNMRS-400 "Varian-NMR"

Relax. delay 1.000 sec
Pulse 45.0 dagrees

Acg. time 2.049 sec

Width 6410.3 Hz

8 repetitions
OBSERVE H1, 399.8516069 MHz
DATA PROCESSING

Resol. enhancement -0.0 Hz
FT siza 65536

Total time 0 min, 31 sec

COR1 aeohol reagent o1

4

VARIAN %

T

PP

17.86
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Sample ID: s_20091015_01
File: s_20091015_01/data/Proton_01
Automation directory: /home/walkupd/vnmrsys/studies/expl/autc_2009.10.10

Pulse Sequence: sZpul

Solvent: adecl3

Temp. 25.0 C / 298.1 K
Sample #2, Operator: walkup4d
File: Proteon_01
VNMRS-400 "Varian—NMR"

Ralax. delay 1.000 sec
Pulse 45.0 degraes

Acq. time 2.049 sec

Width 6410.3 Hz

8 repaetitions
OBSERVE  HL, 399,8398890 MHz
DATA PROCESSING

Rasol. enhancement -0.0 Hz
FT size 65536
Total time 0 min, 31 sec

N

VARIAN

12.67

20.27

21.52



Sample ID: s_20091019_02 VARIAN ﬁhm
File: 8_20091019_02/data/Carbon_0I
Automation directory: /home/walkupd/vnmrsys/studies/expl/auto_2009.10.16

Pulse Sequence: s2pul

Sclvant: cdel3

Temp, 25.0 C / 298.1 K
Sampla #I, Operator: walkup4d
File: Carbon_01

VNMRS-400 "Varian-NMR" e

Ralax. delay 1.000 sec .
Pulse 45.0 degrees v
Acqg. time 1.300 sac

Width 24509.8 Hz

2000 repetitions

OBSERVE C13, 100.,5398160 MHz
DECOUPLE HI, 399.8418882 MHz
Powar 40 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT siza 65536

Total time 1 hr, 16 min, 59 sec

~
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Sample ID: s_20091029 03
File: a_20091029_03/data/Proton_01.fid

Pulse Sequence: s2pul

Solvent: cdel3

Temp. 25.0 C / 298.1 K
Sample #1, Operator: walkup4
File: Proton_0Y
VNMRS—-400 "Varian—NMR"

Relax. delay 1.000 sac

Pulse 45.0 degrees

Acq. time 2.049 sac

Width 6410.3 Hz

32 repetitions

OBSERVE H1, 399.8398877 MH=z
DATA PROCESSING

Resol. enhancement -0.0 Hz
FT size 65536

Total time 1 min, 44 sec

—

—~ |

“

..g./

VARIAN

Nia

s

FAS

12.79

!
11.49{

5.90

0.00



Sample ID: s_20091105_01
Fila: s_20091105_01/data/Proton_01.£fid

Pulse Saquance: s2pul

Solvent: cdcl3

Temp. 25.0 C / 298.1 K
Sample #2, Operator: walkup4d
File: Proton_01

VNMRS-400 "Varian-NMR"

Relax. delay 1.000 sac

Pulse 45.0 degraes

Acqg. time 2.049 sec

Width 6410.3 Hz

32 repetitions

OBSERVE HI, 399.8398861 MH=z
DATA PROCESSING -

Resol. enhancement -0.0 Hz
FT size 65536

Total time 1 min, 44 sec

CBR GO~FIY—t € T

VARIAN

v A
Tar




Sample ID: s_20090128_01
File: 0107.fid

Pulse Sequenca: s2pul

Solvent: cdcl3

Temp. 26.0 C / 299.1 K
Sample #l, Operator: walkup3
File: 0107
VNMRS=-400 "Varian-NMR"

Relax. dalay 1.000 sec
Pulsa 45.0 degraas

Acqg. time 2.049 sec

Width 6410.3 HE

8 repetitions
OBSERVE HI, 399.8516077 MHz
DATA PROCESSING

Rasol. enhancement -0.0 Hz
FT siza 65536
Total time 0 min, 31 sec

CHEL-1-1-& Dua%m,q

VARIA

v

Ny

.82 0.48 0.93
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Sample ID: s_20090128_02 VARIAN
File: 0108
Automation directory: /home/walkup3/vnmrsys/studies/expl/auto_2009.01.23

A\

Pulse Sequenca: sZpul

Solvent: cdcl3

Temp. 26.0 C / 299.1 K
Sample #1, Operator: walkup3
File: 0108
VNMRS~-400 "Varian-NMR"

Relax. delay 1.000 sac
Pulse 45.0 degrees

Acg. time 1.300 sac

Width 24509.8 Hz

512 repetitions
OBSERVE <CI13, 100.5427633 MHz
DECOUPLE H1, 399.8536141 MHz
Power 39 dB

continucusly on

WALTZ-16 modulated
DATA PROCESSING

Line broadening 0.5 Hz
FT size 65536

Total time 19 min, 42 sac

[k o b ) 4 ¥ B 4 f | i i 4 ' bl i did Lt filb i i b " i i i aliih flLdh b i g \
|
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Sample ID: s_20091117_01
Pilae: 5_20091117_0L/data/Proton_ 01
Automation diractory: /home/walkupd/vamrsys/studies/expl/auto_2009.11.10_03

Pulse Sequence: s2pul

Solvant: cdel3

Temp. 25.0 C / 298.1 K
Sample #1, Operator: walkup4d
File: Proton_01

VNMRS-400 "Varian-NMR" ~/\
\

Relax. delay 1.000 saec
Pulsa 45.0 degreaes

Acg. time 2.049 sec

Width 6410.3 He

B8 repetitions

OBSERVE HI, 399.8398B8B7 MHz
DATA PROCESSING

Resol. enhancement -0.0 Hg
FT size 65536

Total time 0 min, 31 sac

\\/6\&//

J

o

I

MY 4

e '[ In

12

é__rrﬁ‘-‘ :, H )

reogr

S

\F«

VARIAN

38.59

I



Sample ID: s_20100202_07
File: 0601
Automation directory: /home/walkupd/vnmrsys/studies/expl/auto_2010.02.02

Pulse Sequence: slpul

Solvent: cdcl3

Temp. 25.0 C / 298.1 K
Sample #6, Operator: walkupd
File: 0601
VNMRE-400 "Varian—NMR"

Ralax. delay 1.000 sec
Pulse 45.0 degrees
Acq. time 2.049 sec
Width 6410.3 Hz

H 3
§ repatitions
OBSERVE H1l, 399.8327162 MHZ
DATA PROCESSING
Resol. enhancament —0.0 Hz
FT size 65536
Total time 0 min, 31 sec

fr 7 L

Ll For

25 -28

75.95 |
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Sample ID: s_20091203_05
File: 0408
Autcmation directory: /heme/walkupd/vnmrsys/data/auto_2009.12.02

Pulse Sequence: sZpul

Solvent: cdel3

Temp. 25.0 ¢ / 298.1 K
Sample #4, Operator: walkupd
File: 0408
VNMRS-400 "Varian—-NMR"

Relax. delay 1.000 sac

Pulse 45.0 dagreas

Acqg. time 1.300 sec

Width 24509.8 Hz

512 repetitions
OBSERVE (€13, 100.5398175 MHz
DECOUPLE HI1, 399.8418882 MHz
Powar 40 dB

continuously on

WALTZ-~16 modulated
DATA PRCOCESSING

Line bzoadening 0.5 Hz
FT giza 65536
Total time 19 min, 42 sec
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Sample ID: s_20091203_04
Fila: 0407
Automation directory: /home/walkupd/vnmrsys/data/auto_2009.12.02

Pulse Sequence: s2pul

Solvent: cdcl3

Tamp. 25.0 C / 298.1 K
Sample #4, Operator: walkup4
Fila: 0407
VNMRS-400 '"Varian-NMR"

Relax. delay 1.000 sec

Pulse 45.0 degrees

Acq. time 2.049 sec

Width 6410.3 Hz

8 repetitions
OBSERVE HI, 399.8398892 MHz
DATA PROCESSING

Resol. enhancement —-0.0 Hz
FT size 65536
Total time 0 min, 31 sec

C ok

b=-%2 I L N-ips

0.47

40.39



