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ABSTRACT OF DISSERTATION

The creation of new carbon—carbon bonds with a high degree of stereocontrol is
a powerful strategy employed in targeted synthesis of complex organic molecules.
Chiral benzene-fused 5-membered rings represent a significant portion of medicinally
relevant molecules. This dissertation describes the construction of benzodihydrofurans,
indanes and indolines by C—H insertion reactions of donor/donor carbenes. Chapter
one discusses the development of a stereochemcially predicative model for insertion
reactions to form benzodihydrofurans. From this study, a predictive model for
diastereoselecitivty was established. Chapter two discusses methodology development
for insertion reactions to make indolines and indanes. These cores were produced in

high yields, with a high degree of stereocontrol and functional group tolerance.
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Chapter 1. QSSR Study of C—H Insertion Reactions for the Formation of

Benzodihydrofurans

1 Introduction

1.1 Cheminformatics: An Emerging Approach in the Field of Asymmetric
Catalysis

The relationship between structure and reactivity is a foundational principle of the
organic chemist. Since the first alchemists put mortar to pestle, this relationship has been
the basis for the prediction and rationalization of chemical transformations. Advances in
computational techniques in recent decades have coincided with advances in the field of
catalyst development 2. A complementary approach to this methodology has been the
emerging field of cheminformatics. Cheminformatics has long been used in the area of
drug development and has recently been extended to the area of asymmetric catalysis in
the form of “quantitative structure selectivity relationships” (QSSR).® A general workflow

for this technique is described eloquently by Denmark et al. (Figure 1). 4



Framework of 3D-QSAR Guided Catalyst Optimization
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Figure 1. QSSR workflow overview as described by Denmark et. al.

Catalyst design begins with a library of catalysts with diverse structures. Structural

components are then parametrized into measurable quantities. This can be done in

numerous ways but generally these parametrizations fall into two classes: (1) local

parameterizations, i.e. parametrizations of some individual structural components of the

catalyst, or (2) global parameterization, wherein the entire shape of the catalyst is

parameterized. These catalyst structures can then be simplified into a series of

“numerical” catalyst structures by describing the molecule in terms of these numerical

descriptors. Following parameterization, mathematical models can be developed that

create a relationship between catalyst descriptors and observed activity (QSAR) or



stereoselectivity (QSSR). This model can then be used to predict optimal catalyst
structures and improve the reaction performance without the use of time intensive DFT
calculations. While work done by Tantillo and others has made much progress in our
understanding of dirhodium catalysis®®, this method allows us to examine reactions with
complex catalyst architectures that are expensive to model in their entirety by existing

DFT methods.

1.2 Early QSSR Work Utilizing Local Parameterization

Linear free energy relationships are a fundamental topic of physical organic
chemistry. Conceptually, they represent a relationship between a substituent parameter
and reactivity. A classic example of a LFER is a Hammett correlation’, wherein the
relative acidity of substituted benzoic acid can be correlated to a substituent descriptor to
derive a numerical value o. While relatively unsophisticated by today’s standards, this
concept represents a key innovation: the effective transformation of a local qualitative
structural element (substituent) into a quantitative numerical value (o). By extension, it is
possible to apply this concept to enantioselective catalysis, where specific catalyst or
substrate structural features are parametrized and modeled to predict stereochemical
outcomes.

Early work in QSSR involved the use of Charton values (v) as descriptors by Miller
and Sigman wherein they construct LEFR’s in the enantioselective Nozaki-Hiyama-Kishi
(NHK) reaction (Figure 2).8 Charton values are derived from the relative influence certain
groups have on the rate of hydrolysis of methyl esters. Charton was able to fit these

measurements to calculated values derived from the van der Waals radii of the



substituent.? In this study, five catalysts with differing carbamate groups R were
evaluated. A linear relationship was established in the reaction of three different
substrates when Charton values are plotted against the logarithm of product enantiomeric
ratios. While not particularly complex by today’s standards, this study represents one of
the earliest demonstrations that structural information can be quantified and modeled to

generate a predictive model for stereochemical outcome.

Charton Parameters
OH ® correlated to minimum

OH, van der Wall's der Wall’s
@ o i @ B
radu assuming a

symmetric R group

o CrClg (10 mol %) o ! 14] o PhCHO, y=1.51
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y J\nz + B~  Lgand( ° ) RM ] @ PhCH,CH,CHO, y=0.56 T-adamantyl
TEA (10 mol %) 1.0] 2 PhCOMe, y=1.16
1 2 TMSCL (2 equiv) 3 8
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then TBAF = 061 ..
: o
&) i _ &
oD 2_ ————— .
Substrates Catalysts S 02 & -7 .
1 o8~ L
o i-Pr PPt
o | R= +-Bu 0.2] --
CH, \'/\) CHs7a 1
H & Et 7b Ag”
4 5 i-Pr7¢c -0.61=5

adamantyl 7d 06 08 10 12 14
o n/o Charton value (v) —»
6 7
Figure 2. Summary of Charton values and Miller and Sigman’ s LEFR study of the

enantioselective NHK reaction.

1.3 Global Parametrization Methods

While early studies focused on single structural component variation (local
parametrization), it soon became apparent that the subtleties of stereoinduction are often
not captured by variation of a single substituent. Indeed, modern catalysts are

understood to interact with substrates in a variety of complex ways and thus require



parameterization methods that elucidate more structural detail . As a result, new global
descriptors have been developed that capture catalyst structure in its entirety. Early
efforts towards this aim were undertaken by Carbo and coworkers for the copper-
catalyzed cyclopropanation of styrene and diazo esters (Figure 3)."© The authors
suggested quadrant diagrams may be used to quantify specific catalyst steric effects in a
more wholistic fashion. The steric parameterization of each quadrant is constructed by a
twofold approach. First, Charton values of each R group in each quadrant were obtained,

then the distance weighted volume of each quadrant was calculated using equation 1.

N 0 catalyst ,
= CO,CH. ""CO,CH
+ HGC\OJ\¢N2 2LHs 2CH3
9 10 11
[¢]

8
catalyst

T
$

Calculation of Aquire Charton
Quantitative Parameters
Quadrant Diagram

Calculate distance
weighted volume (V)

Q1= Vg,
Q2= VR2
Q3= VR3
Q4= VR4

/

Partial Least
Squared Model

Figure 3. Global parametrization workflow developed by Carbo and coworkers

Equation 1. Equation for distance weighted volume



In this equation Vw,kis the distance weighted volume, ris the Van der Waals radius
of a given atom and d is the distance between that atom and the central copper atom of
catalyst 12 . w, k and / are exponents that can be given by values of 0, 1, 2, or 3. The
authors found that distance weighted volume measurements showed only slightly worse
correlation to the energy differential between diastereomeric transition states than
Charton values. This proof-of-concept study indicates that global parameterization of
catalysts is indeed possible and competitive with existing local descriptors. Refinement
of this seminal work by others has established a wide range of complex global
parameterization methods that have become the standard for modern QSSR studies of

complex catalytic systems.*

1.4 Spatial Molding Of Approach Ridged Targets (SMART) Descriptors

While much progress has been made over the last few decades in the
development of global descriptors to quantify catalyst reactivity, capturing three
dimensional structural features of complex catalyst architectures remains a formidable
challenge. Specifically, dirhodium paddlewheel complexes present a unique challenge as
their reactive site topologies are often difficult to quantify by existing methods.!" Recently,
Cammarota et. al. developed new global descriptors, dubbed “SMART”, for dirhodium
catalyst parameterization and applied them to study C-H insertion reactions of

donor/acceptor carbenes. (Figure 4).12
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Figure 4: Workflow for SMART descriptor definition.

The SMART approach treats the reactive catalyst conformer as an approachable
rigid target into which a macrocyclic probe molecule can be docked. The shape of the
catalyst pocket can be directly captured by assessing what space the probe molecule can
occupy in a constrained conformational search, where all atoms belonging to the catalyst
are frozen. All conformations of the probe can then be overlayed and enclosed in a
surface using UCSF ChimeraX 1.113 to generate what is colloquially called a “brain” (or
spatial mold). From this point, various novel SMART descriptors can be extracted from
the “brains” and used as inputs for catalyst performance via statistical modeling. With this
tool in hand, we set out to conduct a QSSR study of donor/donor carbenes with the aim
of creating a predictive model for diastereoelectivity and enantioselecitivity for C—H

insertion reactions of donor/donor carbenes to form benzodihydrofurans. (Figure 5)
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Figure 5: C—H insertion reaction of Donor/Donor carbenes to form benzodihydrofurans
We envisioned a holistic approach to model development. (Figure 6)
We wanted to create a system in which both novel substrates and catalysts could be
virtually screened to predict stereochemical outcomes. We also wanted to develop a
system to determine which substrate catalyst combination would be best suited for
achieve a particular stereochemical outcome.
While each piece of this vison has been achieved by other groups on other
systems, few have combined them in a holistic fashion. Furthermore, a tool of this nature
would be of

HoN
A OAR‘

Substrate Optiimal
Choice Substrate
Choice

R1

(o]
Predict @ Q
R (? Th Catalyst Stereochemcial
o > <O ah Choice Outcome
- ” QSSR MODEL -

Desired

N
o Optimal 2 . ”
Catalyst ereochemcia
Choice Outcome @

Figure 6. Vision for QSSR model of benzodihydrofuran

great use to the synthetic organic chemist as it could potentially cut down on intensive
catalyst screens, substrate scope exploration, and other time intensive aspects of

method development.



2 Results

2.1 Substrate and Catalyst Chemical Space Mapping.

Initially, we set out to construct a comprehensive chemical space map of both
catalysts and substrates. We hypothesized that the greatest amount of substrate
chemical variance could be achieved by modulating the steric bulk and electronics of the
functional groups closest to the carbon undergoing C—H insertion. To this end, we
recognized that our synthetic route could be leveraged to modulate the structural
components closest to the insertion center by careful selection of the alkyl bromide used

in the initial alkylation of benzophenone 15. (Figure 7)

HzN

P
O OH N N 0T "R 4 mno, 4 (o}
Ph)ﬁ s R B - Ph)\@ 2. Catalyst
- ACN
8°Ctort Ph
15 16 17

Figure 7: Synthesis of benzodihydrofurans.

We then conducted a principal component analysis (PCA) of 3000 commercially
available alkyl bromides utilizing Mordred descriptors implemented through RDKit (Figure
8). This analysis yielded an extremely high number of results, however it quickly became
apparent that conducting this study on a large number of substrates would prove too
synthetically challenging.

As such, we opted to examine a smaller yet representative area of chemical space
to limit the total number of substrates. We found that potential substrates clustered in
areas of similar structure and defined five distinct substrate groups alkyl (red), allyl
(purple), EW benzyl (blue), ED benzyl (green) ,and extended benzyl (pink) (Figure 8).

Finally, within each group we a chose several bromides to maximize substrate diversity.
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21 R= 2-Napthyl 90% 27 R= 2-Napthyl 82%

Figure 9: PCA analysis of commercially available alkyl bromides and novel substrate

synthesis

PC1 and PC2 represent linear combinations of substrate descriptors with the greatest

variance. .



2.2 Catalyst Chemical Space mapping

We conducted a similar PCA for the dirhodium catalyst space. 36 catalysts
donated to us by Professor Joseph Fox and his group at University of Delaware were
analyzed based on 23 descriptors including SMART descriptors developed by Sigman
(Figure 9). Similarly to our substrate analysis, catalysts were grouped and compounds
from each group were selected as representative of the larger chemical space. This
effort afforded 14 catalysts to serve as the basis of our training set (Figure 10). PC1 and

PC2 represent linear combinations of the above mentioned descriptors with the greatest

RhRh_SS-diOBn-phthal-cat27 ® RhRh_4S-MEPY4
® RhRh_55-MEOX4
RhRh_S-TPPTTL4_32GB RhRh_S-PTV4 RhRh S-PTTL4
- ® RhRh_cap4
RhRh_S-TCPTTL4_fromcarbene ® RhRh_cis-Cy-fused-Hback-S-PTV4
RhRh_S-PhenTTL4 ° RhRh S-BPTTL4
s RhRh/S-NTTL4
-4 RhRh_S-pPhTPCP_31-10 " ® RhRh EtEHPr-02C4
® @ _EtEtPr-
RhRh_S-PTAD4
RhRh_S-TCPTAD_C4 ® @ RhRh_ACH4
RHRh_ACyPentyld
RhRh_S-pBrTPCP_C4-2 ° RhRh-ACB4 RhRh_MeMePh-02C4
» ~
RhRh_PhCy2-02C4 o RhRh_ACyPropyla ® RhRh_Ad-02C4
Py © RhRh_tBu-02C4
RhRh_PhPhtol-02C4 P ee RERP-OKGa
4 C
RhRh_tri-pFPh-02C4 RhRh_pFPhMe2-0204 ® e RhRh_MES-02C4 -
RhRh_triPh-02C4 o RhRh_pOMe-PhO2C4
RhRh_anthracenyl-02C4 RhRh_Ph02C4
° RhRh_pF-PhO2C4
RhRh_TFA4
PC1

Figure 9. Catalyst space PCA
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Figure 10. Training set catalysts

2.3 New catalyst Development

In our lab, we have been lucky to find that our best results in both reactivity and
stereoselectivity can be achieved by a single catalyst, Rh2(PTAD)4. While this has helped
us to create efficient methodologies for C—H insertion reactions, we often struggle to get
similar levels of reactivity and selectivity out of achiral catalysts. We saw this study as
opportunity to develop achiral catalysts with similar reactivity to Rh2(PTAD)4. Our
chemical intuition and preliminary modeling data informed our decision to consider some
relatively underexplored cycloalkane-phthalamido catalysts resembling Rhz(PTTC)s as
possible “PTAD like” (Figure 11) .

Catalysts were synthesized by phthalamidiation of commercially available amino
acids 42 followed by treatment with rhodium acetate in refluxing chlorobenzene. Crystal

structures were obtained for all catalysts including the first reported for Rh2(PTTC)4 (49).

12
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Figure 11. Synthesis of Rh2(PTCC)4 related catalysts.
Having had success with the PTCC family of catalysts, We attempted to
synthesize a number of other dirhodium catalysts we intuitively predicted would give us

high levels of reactivity and selectivity. (Figure 12)

A CH
o Hic | 2 OTRn
OH 0
we . EtgN o Rhy(QAc), |0 N OLRh
3 o) O Tol, reflux N Tol, reflux o
HN"L 95 % OH
3 o O H;C CHj3
50 51 52 53
4
' B
t+Bu OTRh | +Bu OfRh
/ :
N 1 N <
O._N OfRh ! (: o 01Rh
‘ EtsN Rh,(OAc) N
o | )‘K/NHZ + [ S e o
i Tol, reflux
Nj;gz Ho : Lol N\/U\oH Tol, reflux S
N A t u
\\\y 454 ! 57 © tBu \\\//N 54
' 4

Figure 12. Attempts to synthesize catalysts with electron withdrawing groups.

Firstly, attempts were made to synthesize dimethyl derived catalyst 53. (Figure
12A) We hoped this would serve as a more freely rotating version of our previously
successful cyclopropane catalyst Rh2(PTCC)s. While the pthalimidation and ligand
exchange worked well, 53 proved insoluble and difficult to work with so it was
abandoned.

In general, it is believed that increased electrophilicity of metal carbenes increases
their reactivity.'* Two attempts were made to synthesize more electron withdrawing

catalysts 54 (Figure 12b) and 61. (Table 1) The pthalmidation reaction and ligand

13



exchange to synthesize 54 worked well. However, the final product again proved highly
insoluble in organic solvents and too difficult to work with.

We hypothesized that the addition of fluorine to the catalyst Rh2(PTTL)4 (59) may
sufficiently increase the electronegativity of the resultant metal carbene. To this end,

attempts were made to fluorinate malonic ester derivative 59. (Table 1).

¢Bu F olmn | o o base o o
H' | ' EtO Ot SelectFlour
O._N O+fRh ! solvent EtO OEt
o | tBu temp F t+Bu
61 59 60
:  Entry  Base Temp Solvent Result
L 4, 1 LDA t THF/CH4CN
r 8 b2 LDA rt THF/MeOD
tBu  OrRh | 3 LDA Reflux THF/MeOD
7_<‘\ | Co4 LDA Reflux THF/CHLCN
Oy-N_OfRh @ 5 NaH Reflux THF/ MeOD
o L6 NaH rt THF/CHCN
54 |
L dg
Rhy(R-PTTTL),

Table 1. Attempts to synthesize fluorine derivative 61.

Firstly, a literature procedure utilizing LDA at room temperature in a mixture of THF
and CHsCN was performed with no product observed (entry 1). We believed steric issues
due to the large t-Butyl group might be causing ither slow addition to the fluoride source
or slow enolization. To test this, the reaction was carried out in deuterated methanol with
the hope that the deuterium exchange could give us an idea of the degree to which 59
was enolizing. Unfortunately, no deuterium exchange was observed by 'HNMR.
Similar experiments were performed with NaH and at reflux (entries 2 -6). In all cases no
enolization or fluoride addition was observed. As a result of already having several new

catalysts that showed higher levels of reactivity this effort was abandoned.
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2.4 QSSR Modeling

Having established a list of catalysts and substrates as well as synthesizing novel
catalysts, we then set out to collect selectivity data for both enantiomeric and
diastereomeric ratios (Table 2 and 3). Reaction conditions were identical for every
experiment and chiral HPLC and 'HNMR were used to gather enantiomeric and

diastereomeric ratios respectively. A representative data set is shown in tables 2 and 3.

HoN A~ R
N 0" "R 4 Mno, o
2.0.1% Catalyst
Phk@ W Ph 119 Total Reactions
R= R= CH;, R= R= R=
No ~ O T
CH;3 CH,
Catalyst d.r. (e.r) d.r. (e.r.) d.r. (e.r) d.r. (e.r.) d.r. (e.r)
31 84:16 84:16 89:11 90:10 90:10
35 68:32 52:48 72:28 86:14 88:12
36 62:38 39:61 68:31 80:20 80:20
30 46:54 (92:8) 50:50 (55:45) 82:18 (100:0) 100:0 (6:94) 100:0 (94:6)
26 85:15 (97:3) 89:11 (97:3) 93:7 (100:0) 97:3 (96:4) 100:0 (99:1)
33 72:28 (63:37) 72:28 (69:31) 85:15 (60:40) 90:10 (47:53) 87:13 (46:54)
29 94:6 (—) 74:26 (72:28) — (=) 94:6 (84:16) 94:6 (77:23)
28 77:23 (90:10) - (—) 97:3 (93:7) — (—) — (—)
R= R= R=
=~ O ()
= g CN
“  CHg

Catalyst d.r. (e.r.) d.r. (e.r.) d.r. (e.r.)

36 85:15 85:15 85:15

38 84:16 95:5 94:6

39 68:32 88:12 87:13

37 95:5 91:9 97:3

38 100:0 (90:10) 90:10 (93:7) 89:11 (80:20)

26 100:0 (97:3) 100:0 (94:6) 100:0 (94:6)

31 100:0 (94:6) 94:6 (93:7) 96:4 (3:97)

32 92:8 (100:0) 100:0 (100:0) 98:2 (100:0)

cis:trans diastereomeric ratios obtained by integration of crude 'H NMR
enantiomeric ratios measured by chiral HPLC

Table 2 & 3. Representative examples of training set data.

We also collected additional diastereoselectivitiy data on our new catalysts in the
hopes it could be used as a validation set for our model (Table 4). We were pleased to
see that qualitatively these catalysts performed well across our substrate classes which
indicated that our preliminary modeling data was predicting effective catalyst

architectures.

15



~ S
N 0" "R 4 wno, o’
2. Catalyst
Ph -
ACNO°Ctort

Ph

= H = = = = = = =
R CH; R R R o R= hc o R R R
- CN 3 3

Lo EO= 00D e T 0
Entry  Catalyst d.r. d.r. d.r. d.r. d.r. d.r. d.r. d.r.
1 49 84:16 93:7 94:6 75:25 67:37 67:37 100:0 89:11
2 48 84:16 92:8 93:7 68:32 58:42 58:42 100:0 87:13
3 47 78:22 93:7 92:8 70:20 71:29 71:29 100:0 89:11
4 46 85:15 94:6 94:6 64:36 60:40 60:40 100:0 84:16

cis:trans diastereomeric ratios obtained by integration of crude TH NMR

Table 4. Validation set consisting of novel achiral catalysts.

With this data in hand, we set out to create a model for diasteroselectivty.

To this end, AAG* for each reaction combination was calculated and plotted against the
experimentally determined AAG* ‘s. This was done by utilizing the equation AAG* = -
RTIn(dr). Where the dr is defined as the syn : anti ratio of the products and temperature
was defined at 293 °K.

Our catalyst conformers were optimized using the B3LYP functional with the
GD38BJ empirical dispersion correction, basis set 6-31G** for all non- rhodium atoms
and LANL2DZ on the rhodium atoms. Then single points were calculated using the MO6
functional with the GD3 empirical dispersion correction using Basis set def2TZVP on non-
rhodium atoms and SSD on rhodium atoms.'5-21

Substrate and product conformers were optimized at BSLYP/6-31G* level of theory
with GD3BJ empirical dispersion correction. Single points were calculated at the
M062X/6311G* level with GD3 empirical dispersion correction.?? These experiments were
conducted by my collaborators in the laboratory of Mathew Sigman.?3

In order to obtain good statistical correlations, two separate sub-models had to be

constructed. (Figure 13).
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Figure 13. Modified QSSR workflow for Hindered and Unhindered models

In this system, a catalyst considered hindered or unhindered by ligand steric bulk was
fed into two different modeless to predict the stereoselective outcome. We were pleased
to find that this strategy proved effective for obtaining a good correlation of both training

set and validation set data for hindered catalysts. (Figure 14)
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Split method: y_equidist
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Figure 14. Hindered catalyst model for diastereoselectivity.

An R2?value of 0.764. was obtained for our test set in the hindered catalyst model.
Additionally, our validation set of novel catalyst also correlated well to this model with and
R2 value of 0.713. This indicates that our hindered model is adequate at predicting both
effective novel catalyst structures and selectivity outcomes for a given substrate in the
training set.

When we tested our hindered model’s ability to predict the stereochemical
outcome of validation set catalysts and one unmodeled substrate, (Figure 15) we found
a weak correlation of R?= 0.161 indicating our model falls short at predicting the

stereochemical outcome of novel catalysts with a substrate outside the training set.
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Figure 15. Hindered model with a test set of novel catalysts and one novel substrate.
Our preliminary data for our unhindered model (Figure 16) shows a modest
correlation with an R? value of 0.5024 for the training set. This data however has yet to

be rigorously validated with a validation set.
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Figure 16. Unhindered catalyst QSSR model
Unfortunately, the enantioselectivity ratios gathered did not produce a modellable

training set. We hypothesize that this is due to the relatively low number of data points.
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Future work will focus on doing more enantioselective reactions to establish a more robust

training set.

3 Conclusion

As our understanding of chemistry deepens, it is becoming increasingly evident
that the structural components that govern the outcome of chemical reactions are often
increasingly complex and subtle. As catalysts enable more transformations, their
structural complexity often increases in equal measure. Herein, | have described in brief
how the emerging field of cheminformatics can guide our understanding of asymmetric
catalysis. We were able to show that these new methods could be used to create a
predictive model for diasteroselectivity of rhodium catalyzed C—H insertion reactions of
donor/donor carbenes to form benzodihydrofurans. My hope is this work will inform
catalyst design for reactions involving rhodium carbenes and will inspire others to utilize
cheminformatics to understand asymmetric reactions involving complex catalyst

architectures.

4 Experimental

Instrumentation and General Considerations

Chemicals were purchased and used without further purification. Solvents were dried on
a JC Meyer solvent system or purchased anhydrous where required. Reactions requiring
anhydrous conditions were performed under argon; glassware was flame dried under
vacuum immediately prior to use and allowed to cool under reduced pressure; liquid
reagents, solutions or solvents were added via syringe through rubber septa; solid

reagents were added under a flow of argon. Reactions were monitored by TLC on
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Kieselgel 60 F254 (Merck) plates and detected by examination under UV light (254 nm
and 365 nm). Flash column chromatography was performed using silica gel [Merck,
230-400 mesh (40-63 pm)], unless otherwise stated. Microwave reactions were
conducted using a Biotage Initiator™ 2.0, employing 2.45 GHz microwaves. Accurate
mass measurements were recorded on positive ESI mode in methanol. Extracts were
concentrated in vacuo using both a rotary evaporator at a pressure of 15 mmHg
(diaphragm pump), and a high vacuum line at a pressure of 0.1 mmHg (oil pump) at room
temperature. 'H and 13C spectra were measured in the solvent stated at 400 or 600 MHz
and 101 or 151 MHz respectively. 'H and 3C NMR chemical shifts are quoted in parts
per million (ppm) and referenced to TMS (TMS: 'H = 0.0 ppm and '3C = 0.0 ppm), coupling
constants (J) are given in Hertz (Hz). Multiplicities are abbreviated as: br (broad), s
(singlet), d (doublet), t (triplet), g (quartet), p (pentet) and m (multiplet) or combinations
thereof. Catalysts with known structures were obtained by donation from the laboratory

of Professor Joe Fox or were purchased when commercially available.?4-26

General Procedure A for alkylation. To a flame dried 50 mL round bottom flask was
added 2-hydroxybenzophenone (1.0 equiv.), purged under high vacuum, and backfilled
with argon. To the flask was added dry acetonitrile (0.1M), the respective bromide (1.3-
1.5 equiv.), and 12-hour oven dried Cs2CO3 (3 equiv.). The reaction was stirred at 50 ° C
for 12 hours. The reaction mixture was allowed to cool, and solvent was removed by
rotatory evaporation. The residue was then resuspended in dichloromethane and washed

with deionized water. The organic layer was dried over Na2S0Ou, filtered, and solvent was
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removed in vacuo. The resulting crude material was purified by flash column

chromatography to yield the desired ketone.

General Procedure B for hydrazone formation. To a solution the respective ketone (1
equiv) in anhydrous EtOH (0.1M) was added AcOH (2 equiv) and anhydrous hydrazine
(10 equiv). The reaction mixture was heated in a microwave reactor at 160 °C for 1-3
hours. The reaction was allowed to cool then diluted with Et2O and washed with water.
The organic layer was removed, and the aqueous layer was washed three times with
Et20. The combined organic layer was washed with water and dried over Na2SOa. The
crude reaction mixture was purified by flash column chromatography to yield the desired

hydrazone

General Procedure C (two-pot insertion). To a flame-dried scintillation vial under
argon atmosphere was added the desired hydrazone (1 equiv) followed by anhydrous
CHsCN (0.01 M). To the vial was added MnO2 (8 equiv). The resulting dark suspension
was stirred until full conversion of the starting material was observed by TLC. The
reaction mixture was filtered over Celite into a new flame-dried, argon backfilled 20 mL
scintillation vial using the same solvent. The magenta solution was cooled to 0 °C and
the desired rhodium catalyst was added (0.01 equiv). The reaction mixture was warmed
to room temperature and allowed to stir from 10 min to 12 h. The crude reaction mixture
was concentrated in vacuo and purified by flash column chromatography to yield the
desired insertion product. Diastereomeric ratios were determined by crude 'H NMR in

which conversion appeared to be greater than 90%. For known compounds, only
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general experimentals and '"H NMR data were reported. For novel compounds, full
chacterization and experimental data has been reported including isolated yields.
Absolute and relative stereochemistry has been confirmed in previous work from our
lab.27-29

General Procedure D for Catalyst Synthesis

To a flame dried 50 mL round bottom flask was added Rh2(OAc)4 (1 equiv) followed by
the requisite ligand (4.1 equiv) and chlorobenzene. To the flask was added a 100 mL
addition funnel filled with oven dried sodium bicarbonate (30 equiv). A cotton plug was
placed in the stopcock in order to prevent solid from falling into the reaction. The
stopcock was opened, and the reaction was heated to reflux. A heat gun was used to
heat up the glass and the entire reaction vessel was wrapped in aluminum foil. If
working correctly, solvent should be refluxing through the arm of the addition funnel and
dripping down through the bicarbonate and back into the reaction flask. After 12 hours
the reaction mixture was cooled and diluted in Ethyl Acetate (100 mL). The organic
layer was washed with sat. NaHCO3 3x25 mL and 3x with water. The aqueous layer
was back extracted with 3x 25 mL of EtOAc. The organic layer was combined, dried
over anhydrous Na2SOys, filtered, and solvent was removed by rotary evaporation to

yield the crude product.
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(2-(benzyloxy)phenyl)(phenyl)methanone (23) was synthesized according to general
procedure A using 2- hydroxybenzophenone (500 mg, 2.5 mmol), (bromomethyl)benzene
(512 mg, 3.0 mmol), Cs2COs (2.6 g, 7.5 mmol) and CH3sCN 15 mL). The crude product
was purified by flash column chromatography (5:95 EtOAc:Hexanes) affording 23 as a
clear oil (700 mg, 97 %). Proton NMR data matched previously reported literature
values.?® "H NMR (400 MHz, CDCls) & 7.84 (d, J = 8.4 Hz, 2H), 7.58 (t, J = 7.3 Hz, 1H),
7.51 —7.42 (m, 4H), 7.26 — 7.18 (m, 3H), 7.10 (t, J= 7.4 Hz, 1H), 7.05 (d, J = 8.7 Hz, 1H),

7.03 — 6.97 (m, 2H), 5.03 (s, 2H).

) O/W
(2-(cyclopropylmethoxy)phenyl)(phenyl)methanone (21) was synthesized according
to general procedure A using 2- hydroxybenzophenone 500 mg, 2.5 mmol),
(bromomethyl)cyclopropane (416 mg, 3.0 mmol), Cs2COs (2 g, 7.5 mmol) and CHsCN 20
mL). The crude product was purified by flash column chromatography (40:60
CH2Cl2:Hexanes) affording 21 as a yellow oil (400 mg, 63 %)."H NMR (599 MHz, cdcla)
57.80 (d, J=7.9 Hz, 2H), 7.62 — 7.49 (m, 1H), 7.49 — 7.34 (m, 4H), 7.10 — 7.00 (m, 1H),
6.94 (d, J=8.3 Hz, 1H), 3.75 (d, J= 6.6 Hz, 2H), 0.97 — 0.76 (m, 1H), 0.34 (d, J= 7.9 Hz,
2H), 0.11 —-0.12 (m, 2H); '3C NMR (151 MHz, cdcls) 5 196.9, 156.8, 138.4, 132.6, 132.0,

129.8, 129.6, 129.3, 128.1, 120.7, 112.8, 72.7, 9.8, 2.7.
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(2-((4-methoxybenzyl)oxy)phenyl)(phenyl)methanone (22) was  synthesized
according to general procedure A using 2- hydroxybenzophenone (1 g, 5 mmol), 1-
(bromomethyl)-4-methoxybenzene (947 mg, 6 mmol), Cs2COs (4 g, 15 mmol) and
CH3CN 15 mL). The crude product was purified by flash column chromatography (40:60
CH2Cl2:Hexanes) affording 22 as a clear oil (1.1 g, 72 %). Proton NMR data matched
previously reported literature values.?® 'TH NMR (599 MHz, cdcls) & 7.80 (d, J = 7.7 Hz,
2H), 7.55 (t, J = 7.5 Hz, 1H), 7.48 — 7.38 (m, 4H), 7.12 — 6.99 (m, 2H), 6.89 (d, J = 8.2

Hz, 2H), 6.72 (d, J = 8.1 Hz, 2H), 4.92 (s, 2H), 3.75 (s, 3H).

N
I

Cc

4-((2-benzoylphenoxy)methyl)benzonitrile (25) was synthesized according to general
procedure A using 2- hydroxybenzophenone (2 g, 10 mmol), 4-((2-
benzoylphenoxy)methyl)benzonitrile (2.3 g, 12 mmol), Cs2COs (9.6 g, 30 mmol) and
CH3CN 15 mL). The crude product was purified by flash column chromatography (15:85
EtOAc:Hexanes) affording 25 as a yellow oil (2 g, 64 %). Proton NMR data matched
previously reported literature values.?® 'H NMR (400 MHz, CDCls) 6 7.84 (d, J = 6.9 Hz,

2H), 7.59 (t, J= 7.5 Hz, 1H), 7.56 — 7.42 (m, 6H), 7.15 (t, J = 7.5 Hz, 1H), 7.08 (d, J = 8.1
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Hz, 2H), 7.02 (d, J = 8.7 Hz, 1H), 5.08 (s, 1H).

(2-(naphthalen-2-yimethoxy)phenyl)(phenyl)methanone (18) was synthesized
according to general procedure A using 2- hydroxybenzophenone (2 g, 10 mmol), 2-
napthylbromide (2.6 g, 12 mmol), Cs2COs (9.6 g, 30 mmol) and CH3CN 15 mL). The
crude product was purified by flash column chromatography (10:90 EtOAc:Hexanes)
affording 18 as a clear oil (1.1 g, 33 %)."H NMR (599 MHz, cdcls) d 7.90 — 7.84 (m, 2H),
7.80 — 7.73 (m, 1H), 7.70 — 7.62 (m, 2H), 7.60 — 7.52 (m, 1H), 7.51 — 7.41 (m, 5H), 7.38
(s, 1H), 7.13 — 7.04 (m, 3H), 5.16 (s, 2H); '3C NMR (151 MHz, cdcls) d 196.8, 156.4,

138.4, 133.8, 133.1, 132.9, 132.8, 132.1, 129.9, 129.8, 129.5, 128.4, 128.0, 127.9, 127.6,
126.1, 125.9, 125.4, 124.5, 121.1, 112.8, 70.2. AMM (ESI) m/z calcd for Cog4H1902+

[M+H]* 339.1380, found 339.1381.

(2-((3-methylbut-2-en-1-yl)oxy)phenyl)(phenyl)methanone (24) was synthesized
according to general procedure A using 2- hydroxybenzophenone (2 g, 10 mmol), 1-
bromo-3-methylbut-2-ene (2 g, 12 mmol), Cs2COs (9 g, 30 mmol) and CH3CN 15 mL).
The crude product was purified by flash column chromatography (60:40 CH2Cl2:Hexanes

) affording 24 as a clear oil (450 mg, 17 %). Proton NMR data matched reported literature
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values.?8 'H NMR (400 MHz, CDCls) & 7.79 (d, J = 7.0 Hz, 2H), 7.54 (t, J = 7.4 Hz, 1H),
7.48 — 7.33 (m, 4H), 7.03 (t, J = 7.4 Hz, 1H), 6.98 (d, J = 8.3 Hz, 1H), 5.11 (t, J = 6.6 Hz,

1H), 4.45 (d, J = 6.5 Hz, 2H), 1.65 (s, 3H), 1.57 (s, 3H).

-

(2-isobutoxyphenyl)(phenyl)methanone (20) was synthesized according to general

HysC._ _CH,

procedure A using 2- hydroxybenzophenone (2 g, 10 mmol), 1-bromo-2-methylpropane
(1.6 g, 12 mmol), Cs2COs (9.6 mg, 30 mmol) and CH3CN 15 mL). The crude product
was purified by flash column chromatography (3:97 EtOAc:Hexanes) affording 20 as a
clear oil (260 mg, 9 %).Proton NMR data matched previously reported literature values.?®
"H NMR (400 MHz, CDCls) & 7.85 — 7.72 (m, 2H), 7.55 (t, J = 7.4 Hz, 1H), 7.50 — 7.36
(m, 4H), 7.06 (t, J=7.4 Hz, 1H), 6.96 (d, J= 8.3 Hz, 1H), 3.66 (d, J=6.2 Hz, 2H), 1.84 —
1.65 (m, 1H), 0.68 (d, J = 6.7 Hz, 6H).

0 07 ""CH,

(2-butoxyphenyl)(phenyl)methanone (19) was synthesized according to general
procedure A using 2- hydroxybenzophenone (2 g, 10 mmol), 1-bromobutane (1.4 g, 12
mmol), Cs2COsz (9 g, 30 mmol) and CH3CN 15 mL). The crude product was purified by
flash column chromatography (10:90 EtOAc:Hexanes) affording 19 as a yellow oil (1.2
g, 47 %). Proton NMR data matched previously reported literature values®. 'H NMR (400

MHz, CDCls) & 7.84 — 7.76 (m, 2H), 7.59 — 7.52 (m, 1H), 7.50 — 7.40 (m, 4H), 7.14 — 7.02
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(m, 1H), 6.97 (d, J = 8.3 Hz, 1H), 3.89 (t, J = 6.3 Hz, 1H), 1.43 (p, J = 6.3 Hz, 2H), 1.07

(h, J=7.4 Hz, 2H), 0.76 (t, J = 7.4 Hz, 3H).

4

(o)

Sav

(2R,3R)-2-cyclopropyl-3-phenyl-2,3-dihydrobenzofuran (62) was synthesized by
general procedure C using the requisite hydrazone (25 mg, 0.075 mmol), MnO:2 (52 mg,
0.60 mmol), and Rh2(R-PTAD)4 (1 mol%) in CHsCN. The crude product was purified by
flash column chromatography (50:50, CH2Cl2:hexanes) affording 62 as a white solid (16
mg, 97%, >95:5 dr). "H NMR (599 MHz, cdcls) 6 7.30 — 7.24 (m, 2H), 7.24 — 7.17 (m, 2H),
7.08 (d, J=7.4 Hz, 1H), 7.04 (d, J=7.3 Hz, 2H), 6.96 — 6.84 (m, 2H), 4.58 (d, J= 8.5 Hz,
1H), 4.11 (t, J = 8.6 Hz, 1H), 0.61 — 0.51 (m,2H), 0.51 — 0.46 (m, 1H), 0.36 — 0.24 (m,
1H), 0.24 — 0.14 (m, 1H). 3C NMR (151 MHz, cdcls) & 159.9, 140.3, 131.1, 129.2, 128.7,

128.1, 126.8, 125.8, 120.9, 109.7, 92.8, 51.5, 11.7, 4.2, 2.4.

Ph
o)

SAv

(2S,3R)-2,3-diphenyl-2,3-dihydrobenzofuran (63) was synthesized by general
procedure C using the requsite hydrazone (25 mg, 0.066 mmol), MnO:2 (46 mg, 0.57
mmol), and dirhodium catalyst (1 mol%) in CH3sCN. Proton NMR data matched previously
reported literature values.?® 'TH NMR (400 MHz, CDCls) 8 7.35—-7.26 (m, 1H), 7.18 — 7.00
(m, 10H), 7.00 — 6.93 (m, 1H), 6.79 — 6.66 (m, 2H), 6.06 (d, J = 8.9 Hz, 1H), 4.91 (d, J =

8.9 Hz, 1H).
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PMP
0

SaY

(2S,3R)-2-(4-methoxyphenyl)-3-phenyl-2,3-dihydrobenzofuran (64) was synthesized
by general procedure C using the requsite hydrazone (15 mg, 0.045 mmol), MnO2 (31
mg, 0.36 mmol), and dirhodium catalyst (1 mol%) in CH3sCN. Proton NMR data matched
previously reported literature values.?® 'TH NMR (400 MHz, CDCls) & 7.30 — 7.23 (m, 1H),
7.10 (d, J = 7.4 Hz, 1H), 7.05 — 7.00 (m, 4H), 6.97 — 6.88 (m, 3H), 6.77 — 6.64 (m, 2H),

6.60 (d, J = 8.5 Hz, 2H), 5.97 (d, J = 8.8 Hz, 1H), 4.82 (d, J = 8.8 Hz, 1H), 3.68 (s, 3H).

CH,

HsC o

¢

(2R,3R)-2-isopropyl-3-phenyl-2,3-dihydrobenzofuran (65) was synthesized by
general procedure C using the requsite hydrazone (20 mg, 0.075 mmol), MnO2 (52 mg,
0.6 mmol), and dirhodium catalyst (1 mol%) in CH3CN. Proton NMR data matched
previously reported literature values.?® "H NMR (400 MHz, CDCls) 6 7.25 (t, J = 7.5 Hz,
2H), 7.24 — 7.16 (m, 2H), 7.09 — 7.02 (m, 3H), 6.94 (d, J = 8.0 Hz, 1H), 6.87 — 6.82 (m,
1H), 4.42 — 4.32 (m, 2H), 1.86 — 1.68 (m, 1H), 1.11 (d, J = 6.5 Hz, 3H), 0.78 (d, J = 6.5
Hz, 3H).

HsC
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(2R,3R)-2-(2-methylprop-1-en-1-yl)-3-phenyl-2,3-dihydrobenzofuran (66) was
synthesized by general procedure C using the requsite hydrazone (15 mg, 0.053 mmol),
MnO2 (37 mg, 0.42 mmol), and dirhodium catalyst (1 mol%) in CHsCN. Proton NMR
data matched previously reported literature values.?8 'H NMR (400 MHz, CDCls) 6 7.29
—7.16 (m, 4H), 7.08 (d, J = 7.3 Hz, 1H), 6.98 — 6.81 (m, 4H), 5.61 (t, J= 8.9 Hz, 1H),

4.89 (d, J=9.3 Hz, 1H), 4.54 (d, J = 8.5 Hz, 1H), 1.70 (s, 3H), 1.56 (s, 3H).

4-((2S,3R)-3-phenyl-2,3-dihydrobenzofuran-2-yl)benzonitrile (67) was synthesized by
general procedure C using the requsite hydrazone (20 mg, 0.061mmol), MnO2 (42.5 mg,
0.49 mmol), and dirhodium catalyst (1 mol%) in CH3sCN. Proton NMR data matched
previously reported literature values.?® "H NMR (400 MHz, CDCIs) 6 7.38 (d, J = 8.4 Hz,
2H), 7.31 (t, J=8.2 Hz, 1H), 7.17 (d, J = 8.5 Hz, 2H), 7.14 — 7.01 (m, 5H), 6.99 (t, J= 7.4

Hz, 1H), 6.71 — 6.65 (m, 2H), 6.07 (d, J = 9.1 Hz, 2H), 4.97 (d, J = 9.1 Hz, 2H).
(o]

(2S,3R)-2-(naphthalen-2-yl)-3-phenyl-2,3-dihydrobenzofuran (68) was synthesized by
general procedure C using the requsite hydrazone (20 mg, 0.056 mmol), MnOz2 (39.4 mg,

0.45 mmol), and Rhz2 (R-PTAD)s4 (1 mol%) in CHsCN ( isolated as a mixture of
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diasteromers). The crude product was purified by flash column chromatography (20:80,
CH2Cl2:hexanes) affording 68 as a white solid (16 mg, 88%, 95:5 dr). '"H NMR (major)
(400 MHz, CD2Cl2) 6 7.71 — 7.65 (m, 2H), 7.62 (s, 1H), 7.50 (d, J = 8.5 Hz, 1H), 7.42 —
7.35 (m, 2H), 7.30 (td, J=7.7, 1.4 Hz, 1H), 7.17 — 7.05 (m, 2H), 7.02 (dd, J= 8.5, 1.8 Hz,
1H), 6.99 — 6.87 (m, 4H), 6.77 — 6.63 (m, 2H), 6.18 (d, J = 8.9 Hz, 1H), 4.95 (d, J= 8.9
Hz, 1H).; 3C NMR (major) (151 MHz, cdcls) 3 160.5, 139.4 135.4, 133.1, 132.9, 131.0,
129.5,129.2, 128.2, 128.1, 127.9, 127.5, 127.0, 126.4, 126.1, 126.0, 125.9, 124.8, 121.8,
110.2, 89.1, 54.2.

O+Rh
7]

o N O+Rh

= —4
Rh2(PTTCyP)4 (46) was synthesized according to general procedure D 500 mg of the
requsite ligand (2.10 mmol 8 eq), 1105mg (.26mmol 1 eq) of Rh2(OAc),4 and 20 ml
chlorobenzene (0 .1M). The product ( 150 mg 51%) was isolated by flash
chromatography ( 3:97 MeOH CH2Clz as a green solid. AMM (ESI) m/z calcd for

C48H32N401gRh2 +, 1127.0002.,found 1127.0041

O+Rh
vl

TRh
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Rh2(PTTB)4 (47) was synthesized according to general procedure D 500 mg of the
requsite ligand (2.00 mmol, 8 eq), 110 mg (.25 mmol, 1 eq) of Rh2(OAc),4 and 20 ml
chlorobenzene (0 .1M). The product ( 200 mg 67%) was isolated by flash
chromatography ( 3:97 MeOH CH2Clz as a green solid. AMM (ESI) m/z for

C52H40N4016Rh2 +, calcd, 1183.0628., found, 1183.0536.

O+Rh
CLEr

Os._N OfRh

Rh2(PTTP)4 (48) was synthesized according to general procedure D 470 mg of the
requsite ligand (1.81 mmo,l 8 eq), 110 mg (0.25 mmol, 1 eq) of Rh2(OAc),4 and 20 ml
chlorobenzene (0 .1M). The product ( 250 mg 80%) was isolated by flash
chromatography ( 3:97 MeOH CH2Cl2) as a green solid.AMM (ESI) m/z for

Cs54H44N4016Rh2 4, calcd, 1239.1254., found 1239.1182.
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8/14/2006

C:\LabSolutions\Training1107\LWS QSSR\LWSV_51_99.5_0.5_OD_NEW.lcd

UCDAVIS Department ot Chemistry
==== HPLC Analysis Report ====

C:\LabSolutions\Training1107\LWS QSSR\LWSV_51_99.5_0.5_OD_NEW.lcd

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

: Admin

1

1

1

146

;7 ul
:LWSV_51 99.5 0.5 OD_NEW.Icd
: 0OD-95_5 Hexane IPA_30min_0.5mLmin.lcm
: batch file 3.Icb

: UCD Default.lcr

: 8/14/2006 3:37:27 AM

1 8/14/2006 4:07:29 AM

C:\LabSolutions\Training1107\LWS QSSR\LWSV_51_99.5_0.5_OD_NEW.lcd

mAU
4 8 2 PDA Muilti 1
75- S s
] (60) achiral standard
50;
25| © E
o
0 5 10 15 20 25

min

1 PDA Multi 1/283nm 4nm

< Peak Table >

PeakTable C:\L abSolutions\Training1107ALWS QSSR\LWSV_51_99.5 0.5 OD_NEW.Icd

PDA Ch1 283nm 4nm
Peak# Ret. Time Area Height Area% Height %
1 10.595 956370 80014 16.979 40.821
2 13.630 890262 71866 15.805 36.664
3 16.209 1786250 25117 31712 12.814
4 19.171 1999847 19014 35.504 9.700
Tota 5632728 196011 100.000 100.000
8/14/2006 C:\LabSolutions\Training1107\LWS QSSR\LWSV_51_99.5 0.5_OD_NEW.Icd

PDF created with pdfFactory trial version www.pdffactory.com
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8/14/2006 C:\LabSolutions\Training1107\LWS QSSR\IXLI_57_99.5_0.5_OD_NEW.lcd

UCDAVIS Department ot Chemistry
HPLC Analysis Report

C:\LabSolutions\Training1107\LWS QSSR\IXLI_57_99.5_0.5_OD_NEW.Icd

Acquired by : Admin
Sample Name 1
Sample ID 1
Tray# 1

Vail # 195
Injection Volume :15uL

Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

1 IXLI_57_99.5_0.5_OD_NEW.lcd

: 0OD-95_5 Hexane IPA_30min_0.5mLmin.lcm
: batch file 3.Icb

: UCD Default.lcr

: 8/14/2006 5:04:41 AM

: 8/14/2006 5:34:44 AM

<Chromatogram>

C:\LabSolutions\Training1107\LWS QSSR\IXLI_57_99.5 0.5_OD_NEW.Icd
mAU

PDA Multi 1

3B8)vaitide jsetivedgd

[$)]
O‘
13.209

. (60) Rhy(R-PTAD),

16.098

10.420

min
1 PDA Multi 1/275nm 4nm

< Peak Table >

PeskTable C:\LabSolutions\Training1107\LWS QSSRIIXLI_57 99.5 0.5 OD_NEW.lcd

PDA Ch1 275nm 4nm
Peak# Ret. Time Area Height Area% Height %
1 10.420 101256 9991 3.547 11.454
2 13.209 272162 50056 9.535 57.383
3 16.098 2480965 27185 86.918 31.164
Tota 2854383 87232 100.000 100.000
8/14/2006 C:\LabSolutions\Training1107\LWS QSSR\IXLI_57_99.5 0.5 OD_NEW.lcd

PDF created with pdfFactory trial version www.pdffactory.com
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8/14/2006

C:\LabSolutions\Training1107\LWS QSSRILWSV_125_99.5 0.5_OD_NEW.lcd

UCDAVIS Department ot Chemistry
HPLC Analysis Report

C:\LabSolutions\Training1107\LWS QSSR\LWSV_125_99.5_0.5_OD_NEW.lcd

Acquired by : Admin
Sample Name 1
Sample ID 1
Tray# 1

Vail # 196
Injection Volume 215 uL

Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

:LWSV_125_99.5 0.5 _OD_NEW.lcd

: 0OD-95_5 Hexane IPA_30min_0.5mLmin.lcm
: batch file 3.Icb

: UCD Default.lcr

: 8/14/2006 7:49:42 AM

: 8/14/2006 8:19:44 AM

<Chromatogram>

mAU

C:\LabSolutions\Training1107\LWS QSSR\LWSV_125_99.5_0.5_OD_NEW.Icd

| (60) Rhy(S-TCPTTL),

PDA Multi 1

361

min

1 PDA Multi 1/291nm 4nm

< Peak Table >

PeakTable C:\LabSolutions\Training1107AL WS QSSRLWSV_125_99.5_0.5 OD_NEW.Icd

PDA Ch1 291nm 4nm
Peak# Ret. Time Area Height Area% Height %
1 19.361 2746210 23694 100.000 100.000
Total 2746210 23694 100.000 100.000
8/14/2006 C:\LabSolutions\Training1107\LWS QSSR\LWSV_125 99.5 0.5_OD_NEW.Icd

PDF created with pdfFactory trial version www.pdffactory.com
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8/14/2006 C:\LabSolutions\Training1107\LWS QSSR\LWSV_147_99.5_0.5_OD_3.Icd

UCDAVIS Department ot Chemistry
HPLC Analysis Report

C:\LabSolutions\Training1107\LWS QSSR\LWSV_147_99.5_0.5_OD_3.lcd

Acquired by : Admin
Sample Name 1
Sample ID 1
Tray# 1

Vail # 144
Injection Volume 17 uL

Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

:LWSV_147 99.5 0.5 OD 3.lcd

: OD-95_5 Hexane IPA_45min_0.5mL.lcm
: batch file 3.Icb

: UCD Default.lcr

: 8/14/2006 1:16:56 AM

: 8/14/2006 2:01:58 AM

C:\LabSolutions\Training1107\LWS QSSR\LWSV_147_99.5_0.5_OD_3.Icd

mAU

PDA Multi 1

13.906
20.210

10.705
17.142

(60) Catalyst B

min

1 PDA Multi 1/292nm 4nm

< Peak Table >

PeakTable C:\L abSolutions\Training1107AL WS QSSR\LWSV_147_99.5_0.5_OD_3.lcd

PDA Ch1 292nm 4nm
Peak# Ret. Time Area Height Area% Height %
1 10.705 142306 10747 7.249 22.239
2 13.906 161265 12587 8.215 26.046
3 17.142 656802 10012 33.459 20.717
4 20.210 1002611 14981 51.076 30.999
Tota 1962983 48326 100.000 100.000
8/14/2006 C:\LabSolutions\Training1107\LWS QSSR\LWSV_147_99.5 0.5 _OD_3.lcd

PDF created with pdfFactory trial version www.pdffactory.com
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7/1/2006

C:\LabSolutions\Training1107\LWS QSSR\IXLI_13_OD_99 1.lcd

7/1/2006

UCDAVIS Department ot Chemistry
HPLC Analysis Report

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

mAU

C:\LabSolutions\Training1107\LWS QSSR\IXLI_13_0OD_99_1.lcd

: Admin

1

1

1

165

17 uL

2 IXLI_13_OD_99_1.lcd

: OD-90_10_Hexane_IPA_30min.lcm
1 09-27-2021-2npibusi-o-siphme2-enriched-98hex-08mlpermin.icb
: UCD Default.lcr

1 7/1/2006 3:03:09 AM

1 7/1/2006 3:33:11 AM

C:\LabSolutions\Training1107\LWS QSSR\IXLI_13_OD_99_1.lcd

PDA Multi 1

9.610

(61) achiral standard

15 20 25

min

1 PDA Multi 1/205nm 4nm

< Peak Table >

PDA Ch1 205nm 4nm

PeskTable C:\LabSolutions\Training1107\LWS QSSRIXLI_13 OD_99 1.lcd

Peak# Ret. Time Area Height Area% Height %
1 9.610 11708683 674224 49.538 63.963
2 20.327 11926950 379859 50.462 36.037
Tota 23635633 1054082 100.000 100.000

C:\LabSolutions\Training1107\LWS QSSR\IXLI_13 _OD_99 1.lcd

PDF created with pdfFactory trial version www.pdffactory.com
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8/13/2006

C:\LabSolutions\Training1107\LWS QSSR\Benzyl_cat20_99_ 1_OD.lcd

UCDAVIS Department ot Chemistry
==== HPLC Analysis Report ====

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

C:\LabSolutions\Training1107\LWS QSSR\Benzyl_cat20_99_1_OD.lcd
: Admin

1

1

1

: 58

210 uL

: Benzyl_cat20_99 1_OD.lcd

: OD-90_10_Hexane_IPA_30min.lcm
: batch file 3.Icb

: UCD Default.lcr

: 8/13/2006 3:06:59 AM

: 8/13/2006 3:37:01 AM

<Chromatogram>
C:\LabSolutions\Training1107\LWS QSSR\Benzyl_cat20_99 1_OD.lcd
mAU
] § PDA Multi 1
100 >

75 (61) catalyst A

50

25| o
1 S
] &

0 ¢/\¢
1 \ \ \ T \
0 5 10 15 20 25
min

1 PDA Multi 1/280nm 4nm

< Peak Table >

PeakTable C:\LabSolutions\Training1107\L WS QSSR\Benzyl_cat20 99 1 OD.lcd

PDA Ch1 280nm 4nm
Peak# Ret. Time Area Height Area% Height %
1 9.792 1739560 105248 84.209 90.559
2 20.076 326213 10973 15.791 9.441
Total 2065773 116220 100.000 100.000
8/13/2006 C:\LabSolutions\Training1107\LWS QSSR\Benzyl_cat20 99 1_OD.lcd

PDF created with pdfFactory trial version www.pdffactory.com
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7/1/2006

C:\LabSolutions\Training1107\LWS QSSR\LWSV_119_0OD_99 1.lcd

UCDAVIS Department ot Chemistry
HPLC Analysis Report

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

C:\LabSolutions\Training1107\LWS QSSR\LWSV_119_0OD_99 1.lcd
: Admin

1

1

1

179

17 uL

:LWSV_119_0OD_99 1.lcd

: OD-90_10_Hexane_IPA_30min.Ilcm

1 09-27-2021-2npibusi-o-siphme2-enriched-98hex-08mlpermin.icb
: UCD Default.lcr

1 6/29/2006 9:30:29 PM

: 6/29/2006 10:00:31 PM

<Chromatogram>
C:\LabSolutions\Training1107\LWS QSSR\LWSV_119_0OD_99 1.lcd
mAU
) 3 PDA Multi 1
1500 <
i [}
f (61) Rhy(S-TCPTTL),
1000
500
] 2
b el
i 5]
Y
0 7 3 — N
0 é 1‘0 1‘5 2‘0 2‘5
min

1 PDA Multi 1/205nm 4nm

< Peak Table >

PeskTable C:\LabSolutions\Training1107\LWS QSSR\LWSV_119 OD_99 1.lcd

PDA Ch1 205nm 4nm
Peak# Ret. Time Area Height Area% Height %
1 9.444 29419574 1531498 94.415 96.396
2 20.316 1740304 57254 5.585 3.604
Total 31159878 1588752 100.000 100.000
7/1/2006 C:\LabSolutions\Training1107\LWS QSSR\LWSV_119 _OD_99 1.lcd

PDF created with pdfFactory trial version www.pdffactory.com
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7/20/2006

C:\LabSolutions\Training1107\LWS QSSR\LWSV_143_99 1_OD.lcd.lcd

UCDAVIS Department ot Chemistry
HPLC Analysis Report

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

C:

\LabSolutions\Training1107\LWS QSSR\LWSV_143_99_1_0OD.lcd.lcd

: Admin

1

1

1

163

:1uL

:LWSV_143_99 1_OD.lcd.lcd

: OD-90_10_Hexane_IPA_30min.lcm
1 09-27-2021-2npibusi-o-siphme2-enriched-98hex-08mlpermin.icb
: UCD Default.lcr

1 7/16/2006 2:15:25 AM

1 7/16/2006 2:45:27 AM

<Chromatogram>

C:\LabSolutions\Training1107\LWS QSSR\LWSV_143_99_1_0OD.lcd.lcd

PDA Multi 1

9.819

(061) catalyst B

20.771

10 15 20 25

min

1 PDA Multi 1/281nm 4nm

< Peak Table >

PeakTable C:\LabSolutions\Training1107AL WS QSSRLWSV_143 99 1_OD.lcd.lcd

PDA Ch1 281nm 4nm
Peak# Ret. Time Area Height Area% Height %
1 9.819 176293 11216 46.546 62.960
2 20.771 202459 6598 53.454 37.040
Total 378752 17814 100.000 100.000
7/20/2006 C:\LabSolutions\Training1107\LWS QSSR\LWSV_143 99 1_OD.lcd.lcd

PDF created with pdfFactory trial version www.pdffactory.com
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7/1/2006

C:\LabSolutions\Training1107\LWS QSSR\IXLI_11_OD_98 2.Icd

UCDAVIS Department ot Chemistry
HPLC Analysis Report

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

C:\LabSolutions\Training1107\LWS QSSR\IXLI_11_OD_98_2.lcd

: Admin

1

1

1

277

17 uL

2 IXLI_11_OD_98_2.lcd

: OD-80_20_Hexane_IPA_35min.Icm
1 09-27-2021-2npibusi-o-siphme2-enriched-98hex-08mlpermin.icb
: UCD Default.lcr

1 7/1/2006 2:16:24 AM

1 7/1/2006 2:51:28 AM

<Chromatogram>
C:\LabSolutions\Training1107\LWS QSSR\IXLI_11_0OD_98_2.lcd
mAU
] 3 PDA Multi 1
500 >
| [}
7 S
< .
(62) achiral standard
250
07
1 I I l I T
0 5 10 15 20 25 30

min

1 PDA Multi 1/200nm 4nm

< Peak Table >

PeskTable C:\LabSolutions\ Training1107\LWS QSSRUXLI_11 OD_98 2.lcd

PDA Ch1 200nm 4nm
Peak# Ret. Time Area Height Area% Height %
1 9.661 9052753 533214 49.668 60.474
2 16.029 9173857 348517 50.332 39.526
Total 18226611 881731 100.000 100.000
7/1/2006 C:\LabSolutions\Training1107\LWS QSSR\IXLI_11_OD_98 2.Icd

PDF created with pdfFactory trial version www.pdffactory.com
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8/13/2006

C:\LabSolutions\Training1107\LWS QSSR\PMB_cat20_98 2_OD.lcd

UCDAVIS Department ot Chemistry
HPLC Analysis Report

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

C:\LabSolutions\Training1107\LWS QSSR\PMB_cat20_98 2 OD.lcd
: Admin

1

1

1

157

10 uL

:PMB_cat20_98 2 OD.lcd

: OD-80_20_Hexane_IPA_35min.Icm
: batch file 3.Icb

: UCD Default.lcr

1 8/13/2006 2:21:19 AM

1 8/13/2006 2:56:21 AM

<Chromatogram>
C:\LabSolutions\Training1107\LWS QSSR\PMB_cat20_98_2_OD.lcd
mAU
200 5 PDA Multi 1
i s
150-|
] (62) catalyst A
100
]
50 ©
0; 1\A\b
il I I I I I I
0 5 10 15 20 25 30
min

1 PDA Multi 1/280nm 4nm

< Peak Table >

PeakTable C:\L abSol utions\ Training1107\L WS QSSR\PMB_cai20_98 2 OD.Icd

PDA Ch1 280nm 4nm
Peak# Ret. Time Area Height Area% Height %
1 9.587 3137362 191265 76.605 83.056
2 15.593 958119 39019 23.395 16.944
Total 4095481 230284 100.000 100.000
8/13/2006 C:\LabSolutions\Training1107\LWS QSSR\PMB_cat20 98 2 OD.lcd

PDF created with pdfFactory trial version www.pdffactory.com
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7/1/2006

C:\LabSolutions\Training1107\LWS QSSR\LWSV_121_0OD_98 2.Icd

UCDAVIS Department ot Chemistry
HPLC Analysis Report

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

mAU

C:\LabSolutions\Training1107\LWS QSSR\LWSV_121_0OD_98 2.Icd
: Admin

1

1

1

: 80

17 uL

:LWSV_121_0D_98 2.Icd

: OD-80_20_Hexane_IPA_35min.Icm

1 09-27-2021-2npibusi-o-siphme2-enriched-98hex-08mlpermin.icb
: UCD Default.lcr

1 6/29/2006 10:11:07 PM

1 6/29/2006 10:46:09 PM

C:\LabSolutions\Training1107\LWS QSSR\LWSV_121_0OD_98_2.lcd

1250

PDA Multi 1

(62) Rhy(S-TCPTTL),

9.506

16.192

L

5 10 15 20 25 30

min

1 PDA Multi 1/205nm 4nm

< Peak Table >

PeskTable C:\LabSolutions\Training1107\LWS QSSRILWSV_121 OD_98 2.Icd

PDA Ch1 205nm 4nm
Peak# Ret. Time Area Height Area% Height %
1 9.506 21729979 1230548 94.153 96.690
2 16.192 1349532 42121 5.847 3.310
Total 23079511 1272670 100.000 100.000
7/1/2006 C:\LabSolutions\Training1107\LWS QSSR\LWSV_121_OD_98 2.Icd

PDF created with pdfFactory trial version www.pdffactory.com
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7/20/2006

C:\LabSolutions\Training1107\LWS QSSR\LWSV_141_98_2_ OD.lcd.lcd

UCDAVIS Department ot Chemistry
==== HPLC Analysis Report ====

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

mAU

C:\LabSolutions\Training1107\LWS QSSR\LWSV_141_98_2_0OD.lcd.lcd
: Admin
1
1
1
162
210 uL
:LWSV_141_98 2 _OD.lcd.lcd
: OD-80_20_Hexane_ IPA_35min.Icm
1 09-27-2021-2npibusi-o-siphme2-enriched-98hex-08mlpermin.icb
: UCD Default.lcr
1 7/16/2006 1:29:46 AM
1 7/16/2006 2:04:50 AM

C:\LabSolutions\Training1107\LWS QSSR\LWSV_141_98_2_OD.lcd.lcd

125+

PDA Multi 1

9.624

15.958

(62) catalyst B

1 \
5 10 15 20 25 30

min

1 PDA Multi 1/281nm 4nm

< Peak Table >

PeskTable C:\LabSolutions\Training1107\LWS QSSRILWSV_141 98 2 OD.lcd.lcd

PDA Ch1 281nm 4nm
Peak# Ret. Time Area Height Area% Height %
1 9.624 2117866 126366 46.495 57.569
2 15.958 2437177 93136 53.505 42.431
Total 4555044 219502 100.000 100.000
7/20/2006 C:\LabSolutions\Training1107\LWS QSSR\LWSV_141_98 2 OD.Icd.lcd

PDF created with pdfFactory trial version www.pdffactory.com
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7/1/2006

UCDAVIS

C:\LabSolutions\Training1107\LWS QSSR\IXLI_31_99.5 0.5_OD_0.5.lcd

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

mAU

Department ot Chemistry
==== HPLC Analysis Report ====

C:\LabSolutions\Training1107\LWS QSSR\IXLI_31_99.5_0.5_OD_0.5.Ilcd
: Admin
1
1
1
: 66
17 uL
2 IXLI_31_99.5 0.5 _OD_0.5.lcd
: OD-95_5 Hexane IPA_ 20min_0.5mL.lcm
1 09-27-2021-2npibusi-o-siphme2-enriched-98hex-08mlpermin.icb
: UCD Default.lcr
: 7/1/2006 8:36:02 PM
1 7/1/2006 8:56:04 PM

C:\LabSolutions\Training1107\LWS QSSR\IXLI_31_99.5_0.5_0OD_0.5.lcd

150+

| (63)

PDA Multi 1

8.660
29
11.092

achiral standard

min

1 PDA Multi 1/280nm 4nm

< Peak Table >

PeakTable C:\L abSolutions\Training1107ALWS QSSRUXLI_31_99.5 0.5_OD_0.5.lcd

PDA Ch1 280nm 4nm
Peak# Ret. Time Area Height Area% Height %
1 8.660 1715425 155247 25.542 27.969
2 10.729 1559107 130416 23.215 23.495
3 11.092 1845654 143849 27.481 25.915
4 12.162 1595870 125561 23.762 22,621
Tota 6716056 555073 100.000 100.000
7/1/2006 C:\LabSolutions\Training1107\LWS QSSR\IXLI_31_99.5 0.5_OD_0.5.lcd

PDF created with pdfFactory trial version www.pdffactory.com
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8/13/2006

C:\LabSolutions\Training1107\LWS QSSR\iBu_cat20_99.5_0.5_0OD.lcd

UCDAVIS Department ot Chemistry
==== HPLC Analysis Report ====

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

mAU

C:\LabSolutions\Training1107\LWS QSSR\iBu_cat20_99.5_0.5_OD.lcd
: Admin

1

1

1

159

10 uL

1iBu_cat20_99.5 0.5_OD.lcd

: OD-95_5 Hexane IPA_ 20min_0.5mL.lcm
: batch file 3.Icb

: UCD Default.lcr

: 8/13/2006 3:47:38 AM

1 8/13/2006 4:07:40 AM

C:\LabSolutions\Training1107\LWS QSSR\iBu_cat20_99.5_0.5_OD.lcd

207 (64) catalyst A

PDA Multi 1

12.211

min

1 PDA Multi 1/281nm 4nm

< Peak Table >

PeakTable C:\L abSolutions\Training1107\L WS QSSR\iBu_cai20_99.5 0.5 OD.lcd

PDA Ch1 281nm 4nm
Peak# Ret. Time Area Height Area% Height %
1 8.518 449453 42557 7.014 8.579
2 10.682 927889 77376 14.479 15.599
3 11.130 1405154 105556 21.927 21.280
4 12.211 3625856 270542 56.580 54.541
Tota 6408351 496031 100.000 100.000
8/13/2006 C:\LabSolutions\Training1107\LWS QSSR\iBu_cat20_99.5 0.5_OD.lcd

PDF created with pdfFactory trial version www.pdffactory.com
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7/1/2006

UCDAVIS

C:\LabSolutions\Training1107\LWS QSSR\LWSV_117_95.5_0.5_OD.Icd

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

Department ot Chemistry
HPLC Analysis Report

C:\LabSolutions\Training1107\LWS QSSR\LWSV_117_95.5_0.5_OD.lcd
: Admin
1
1
1
178
17 uL
:LWSV_117_95.5 0.5_OD.lcd
: OD-95_5 Hexane IPA_ 20min_0.5mL.lcm
1 09-27-2021-2npibusi-o-siphme2-enriched-98hex-08mlpermin.icb
: UCD Default.lcr
1 7/1/2006 10:24:16 PM
1 7/1/2006 10:44:18 PM

C:\LabSolutions\Training1107\LWS QSSR\LWSV_117_95.5_0.5_OD.lcd

mAU
| 5 PDA Multi 1
300; = §
| (63) Rhy(S-TCPTTL),
200;
100;
o N
0.0 | 2‘.5 | | 5ﬁ0 | | 7‘.5 | ‘16.0‘ ‘12‘.5‘ ‘151.0‘ ‘17‘.5‘
min

1 PDA Multi 1/280nm 4nm

< Peak Table >

PeakTable C:\LabSolutions\Trainingl107\ALWS QSSRILWSV_117_95.5 0.5_OD.lcd

PDA Ch1 280nm 4nm
Peak# Ret. Time Area Height Area% Height %
1 11.137 3788188 334828 54.743 55.630
2 12.110 3131714 267057 45.257 44.370
Total 6919902 601885 100.000 100.000
7/1/2006 C:\LabSolutions\Training1107\LWS QSSR\LWSV_117_95.5 0.5_OD.lcd

PDF created with pdfFactory trial version www.pdffactory.com
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8/13/2006

C:\LabSolutions\Training1107\LWS QSSR\LWSV_139_99.5_0.5_OD_05.Icd

UCDAVIS Department ot Chemistry
==== HPLC Analysis Report ====

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

C:\LabSolutions\Training1107\LWS QSSR\LWSV_139_99.5 0.5_OD_05.Icd
: Admin
1
1
1
41
10 uL
:LWSV_139 99.5 0.5 OD 05.lcd
: OD-95_5 Hexane IPA_ 20min_0.5mL.lcm
: batch file 3.Icb
: UCD Default.lcr
1 8/12/2006 4:20:11 AM
1 8/12/2006 4:40:13 AM

<Chromatogram>

mAU

C:\LabSolutions\Training1107\LWS QSSR\LWSV_139_99.5_0.5_0OD_05.lcd

-1 (63) catalyst B

PDA Multi 1

12.509

11.032

min

1 PDA Multi 1/280nm 4nm
< Peak Table >

PeakTable C:\LabSolutions\Training1107\LWS QSSR\LWSV_139_99.5_0.5_OD_05.lcd

PDA Ch1 280nm 4nm
Peak# Ret. Time Area Height Area% Height %
1 8.895 907974 82950 12.775 14.481
2 11.032 1810264 151345 25471 26.420
3 11.472 1377218 106784 19.378 18.641
4 12.509 3011803 231753 42.376 40.457
Tota 7107259 572832 100.000 100.000
8/13/2006 C:\LabSolutions\Training1107\LWS QSSR\LWSV_139 99.5 0.5_OD_05.lcd

PDF created with pdfFactory trial version www.pdffactory.com
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12/8/2021

C:\LabSolutions\Training1107\LWS QSSR\LWSV_101_98_2_OD_0.5.lcd

UCDAVIS Department ot Chemistry
HPLC Analysis Report

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

C:\LabSolutions\Training1107\LWS QSSR\LWSV_101_98 2 OD_0.5.lcd
: Admin
1
1
1
164
10 uL
:LWSV_101_98 2 OD _0.5.lcd
: OD-50_50_Hexane_IPA_40min_0.5mLmin.lcm
: batch file 3.Icb
: UCD Default.lcr
1 8/17/2006 1:30:39 AM
1 8/17/2006 9:54:25 PM

C:\LabSolutions\Training1107\LWS QSSR\LWSV_101_98_2_ OD_0.5.lcd

mAU
B §§ PDA Multi 1
150; .
] (63) achiral standard
100;
50;
o
0 5 10 15 20 25 30 35

min

1 PDA Multi 1/280nm 4nm

< Peak Table >

PeakTable C:\LabSol utions\Training1107AL WS QSSR\LWSV_101_98 2 OD_0.5.lcd

PDA Ch1 280nm 4nm
Peak# Ret. Time Area Height Area% Height %
1 9.590 2583947 177448 49.459 50.854
2 10.223 2640428 171489 50.541 49.146
Total 5224375 348937 100.000 100.000
12/8/2021 C:\LabSolutions\Training1107\LWS QSSR\LWSV_101_98 2 OD_0.5.lcd

PDF created with pdfFactory trial version www.pdffactory.com
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12/8/2021

C:\LabSolutions\Training1107\LWS QSSR\ALIV_180_95 5 0.5_OD.lcd

UCDAVIS Department ot Chemistry

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

HPLC Analysis Report

C:\LabSolutions\Training1107\LWS QSSR\ALIV_180_95 5 0.5_OD.lcd
: Admin

1

1

1

175

;7 ul

:ALIV_180_95 5 0.5 _OD.lcd

: OD-50_50_Hexane_IPA_25min_0.5mLmin.lcm
: batch 7.Icb

: UCD Default.lcr

:12/7/2021 3:04:39 PM

1 12/7/2021 3:44:42 PM

C:\LabSolutions\Training1107\LWS QSSR\ALIV_180_95_5_0.5_OD.lcd

mAU
400 = PDA Multi 1
: (64) Rhy(S-TCPTTL),
300~
200;
100;
o
0 5 10 15 20 25 30 35

min

1 PDA Multi 1/281nm 4nm

< Peak Table >

PeakTable C:\LabSolutions\Training1107ALWS QSSR\ALIV_180 95 5 0.5 OD.lcd

PDA Ch1 281nm 4nm
Peak# Ret. Time Area Height Area% Height %
1 9.805 6166809 411285 100.000 100.000
Total 6166809 411285 100.000 100.000
12/8/2021 C:\LabSolutions\Training1107\LWS QSSR\ALIV_180 95 5 0.5 OD.lcd

PDF created with pdfFactory trial version www.pdffactory.com
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12/8/2021

UCDAVIS

C:\LabSolutions\Training1107\LWS QSSR\LWSV_113_95_5 0.5_OD.lcd

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

Department ot Chemistry
==== HPLC Analysis Report ====

C:\LabSolutions\Training1107\LWS QSSR\LWSV_113_95 5 0.5_OD.lcd
: Admin
1
1
1
174
;7 ul
:LWSV_113 95 5 0.5 OD.lcd
: OD-50_50_Hexane_IPA_25min_0.5mLmin.lcm
: batch 7.Icb
: UCD Default.lcr
:12/7/2021 2:14:02 PM
1 12/7/2021 2:54:06 PM

C:\LabSolutions\Training1107\LWS QSSR\LWSV_113_95_5_0.5_OD.lcd

mAU
| o PDA Multi 1
7 o
B [e)]
300 (64) catalyst C
200
100
] §
] S
0
0 5 10 15 20 25 30 35
min

1 PDA Multi 1/281nm 4nm

< Peak Table >

PeakTable C:\LabSolutions\Training1107AL WS QSSR\LWSV_113 95 5 0.5_OD.lcd

PDA Ch1 281nm 4nm
Peak# Ret. Time Area Height Area% Height %
1 9.816 5440719 369699 96.561 96.908
2 10.472 193780 11798 3439 3.092
Total 5634499 381496 100.000 100.000
12/8/2021 C:\LabSolutions\Training1107\LWS QSSR\LWSV_113 95 5 0.5_OD.lcd

PDF created with pdfFactory trial version www.pdffactory.com
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UCDAVIS Deparrment ot Chemistry
HPLC Analysis Report

Acquired by
Sample Name
Sample 1D
Tray#

Vail #

Injection Volume
Data File Name

Method File Mame

Batch File Name

Report File Mame

Data Acquired
Data Processed

C:LabSolutions\Training1107\Rich\RAS |-76_98_2 Hexanes_|PA.led
: Admin

: RAS 1076_98 2 Hexanes_|PA

: RAS 1076_98_2 Hexanes_|PA
1

;24

: 10 uL

: RAS |-76_98 2 Hexanes_IPA.lcd
: OD-98_2 Hexane |PA_35min.lem
: RAS_75 76_80_91.lcb

: UCD Default.lcr

: 7/18/2013 4:34:03 PM

: B/30/2014 1:58:52 PM

<Chromatogram:
C:LabSolutions\Training1107\Rich\RAS |-76_98_2 Hexanes_|PA.lcd
mAU
1 2 2 FDA Multi 1
200 n: &
(65) achiral standard l\
- (major) 47b racemic
150
100
] {minor)
50+ oo
| o \
ﬂ_gh‘u_ﬁj\._,__rﬁ*ﬂa_. WERVY RV
——

0

5 10 15 20 25 30

min

1 PDA Multi 1/230nm 4nm
< Peak Table >

PeakTable CALabSolutons\Tramning | 100 RIch\RAS [-76_98_2 Hexanes IPAled

PDA Chl 230am 4nm

Peak# Ret. Time Area Height Aren T Height %
1 11.735 JB5406 20146 2.368 4471
2 12.739 379548 19167 2.332 4254
3 21.780 TT35098 214050 47636 47502
4 24108 T752865 197248 47.643 43373
Total 16272917 450611 10000 100000

55



8/14/2006

C:\LabSolutions\Training1107\LWS QSSR\AL_IV_181_98_2_OD.Icd

UCDAVIS Department ot Chemistry
HPLC Analysis Report

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

C:\LabSolutions\Training1107\LWS QSSR\AL_IV_181_98 2 OD.lcd
: Admin

1

1

1

152

10 uL

AL_IV_181_98 2 OD.lcd

: OD-80_20_Hexane_IPA_45min.Icm
: batch file 3.Icb

: UCD Default.lcr

: 8/12/2006 11:13:51 PM

1 8/12/2006 11:58:53 PM

<Chromatogram>
C:\LabSolutions\Training1107\LWS QSSR\AL_IV_181_98_2_OD.lcd
mAU
200 © PDA Multi 1
. g
150
| (65) Rhy(R-BTPCP),
100
50-
0 L
0 é ‘1‘0‘ ‘1‘5‘ ‘2‘0‘ ‘2‘5‘ ‘3‘0‘ ‘3‘5‘ ‘4‘0‘
min

1 PDA Multi 1/280nm 4nm

< Peak Table >

PeskTable C:\LabSolutions\Training1107\LWS QSSRAL_[V_181 98 2 OD.lcd

PDA Ch1 280nm 4nm
Peak# Ret. Time Area Height Area% Height %
1 23.576 7984089 194055 100.000 100.000
Total 7984089 194055 100.000 100.000
8/14/2006 C:\LabSolutions\Training1107\LWS QSSR\AL_IV_181_98 2 OD.lcd

PDF created with pdfFactory trial version www.pdffactory.com
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8/14/2006

C:\LabSolutions\Training1107\LWS QSSR\LWSV_109_OD_98 2.Icd

UCDAVIS Department ot Chemistry
==== HPLC Analysis Report ====

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

mAU

C:\LabSolutions\Training1107\LWS QSSR\LWSV_109_0OD_98 2.Icd
: Admin

1

1

1

: 86

;7 ul

:LWSV_109 OD_98 2.lcd

: OD-80_20_Hexane_IPA_35min.Icm
: batch file 2.Icb

: UCD Default.lcr

1 6/16/2006 9:10:17 PM

1 6/16/2006 9:45:19 PM

C:\LabSolutions\Training1107\LWS QSSR\LWSV_109_OD_98_2.lcd

PDA Multi 1

22.090

(65) catalyst C

I \ \ \ \ \
5 10 15 20 25 30

min

1 PDA Multi 1/280nm 4nm

< Peak Table >

PeakTable C:\LabSolutions\Training1107\L WS QSSR\LWSV_109_0OD_98_2.lcd

PDA Ch1 280nm 4nm
Peak# Ret. Time Area Height Area% Height %
1 22.090 1320106 34156 100.000 100.000
Total 1320106 34156 100.000 100.000
8/14/2006 C:\LabSolutions\Training1107\LWS QSSR\LWSV_109_OD_98 2.Icd

PDF created with pdfFactory trial version www.pdffactory.com
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6/3/2006

C:\LabSolutions\Training1107\LWS QSSR\LWSV_77_OD_95 5.Icd

UCDAVIS Department ot Chemistry
==== HPLC Analysis Report ====

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

mAU

C:\LabSolutions\Training1107\LWS QSSR\LWSV_77_0OD_95 5.Icd
: Admin

1

177

10 uL

:LWSV_77 _OD_95 5.lcd

: OD-50_50_Hexane_ IPA_25min_1mLmin.lcm
: Batch file 1.Icb

: UCD Default.lcr

:5/27/2006 11:03:14 PM

1 6/2/2006 11:43:04 PM

C:\LabSolutions\Training1107\LWS QSSR\LWSV_77_0OD_95_5.lcd

PDA Multi 1

9.049
10.862

(66) achiral standard

min

1 PDA Multi 1/230nm 4nm

< Peak Table >

PeakTable C:\LabSolutions\Training1107ALWS QSSR\LWSV_77_OD_95_5.lcd

PDA Ch1 230nm 4nm
Peak# Ret. Time Area Height Area% Height %
1 9.049 13275248 810871 50.137 53.493
2 10.862 13202436 704971 49.863 46.507
Total 26477685 1515842 100.000 100.000
6/3/2006 C:\LabSolutions\Training1107\LWS QSSR\LWSV_77_OD_95 5.Icd

PDF created with pdfFactory trial version www.pdffactory.com
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8/13/2006

C:\LabSolutions\Training1107\LWS QSSR\AL_IV_182_95 5_OD.lcd

UCDAVIS Department ot Chemistry
==== HPLC Analysis Report ====

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

C:\LabSolutions\Training1107\LWS QSSR\AL_IV_182_95 5 OD.lcd
: Admin

1

1

1

: 54

10 uL

AL_IV_182 95 5 OD.lcd

: OD-50_50_Hexane_ IPA_25min_1mLmin.lcm
: batch file 3.Icb

: UCD Default.lcr

: 8/13/2006 12:35:05 AM

: 8/13/2006 1:00:07 AM

<Chromatogram>
C:\LabSolutions\Training1107\LWS QSSR\AL_IV_182_95 5 OD.lcd
mAU
i © PDA Multi 1
[te}
i [ee)
400i
o] (66) Rh,(R-BTPCP),
200~
100+
0]
0 é 1b 1‘5 2‘0
min

1 PDA Multi 1/254nm 4nm

< Peak Table >

PeakTable C:\LabSolutions\Training1107\LWS QSSR\AL_IV_182 95 5 OD.lcd

PDA Ch1 254nm 4nm
Peak# Ret. Time Area Height Area% Height %
1 8.546 6330186 440574 100.000 100.000
Total 6330186 440574 100.000 100.000
8/13/2006 C:\LabSolutions\Training1107\LWS QSSR\AL_IV_182_95 5 OD.lcd

PDF created with pdfFactory trial version www.pdffactory.com
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6/10/2006

C:\LabSolutions\Training1107\LWS QSSR\IXLI_47_OD_95 5.Icd

UCDAVIS Department ot Chemistry
HPLC Analysis Report ====

C:\LabSolutions\Training1107\LWS QSSR\IXLI_47_OD_95_5.lcd

Acquired by : Admin
Sample Name 1
Sample ID 1
Tray# 1

Vail # : 83
Injection Volume 210 uL

Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

1 IXLI_47_OD_95_5.Icd

: OD-50_50_Hexane_ IPA_25min_1mLmin.lcm
: batch file 2.Icb

: UCD Default.lcr

: 6/10/2006 9:15:19 PM

: 6/10/2006 9:40:23 PM

<Chromatogram>
C:\LabSolutions\Training1107\LWS QSSR\IXLI_47_OD_95_5.lcd
mAU
3000 9 PDA Multi 1
] S
2000- (66) Rhy(R-PTAD),
1000
| o
1 o
i 0
0 ﬁA‘ng\ il
0 é 1b 1‘5 2‘0

min

1 PDA Multi 1/200nm 4nm

< Peak Table >

PeskTable C:\LabSolutions\ Training1107\LWS QSSRUIXLI_47_OD_95 5.lcd

PDA Ch1 200nm 4nm
Peak# Ret. Time Area Height Area% Height %
1 8.918 2986686 213717 6.482 6.873
2 10.703 43090859 2895743 93.518 93.127
Total 46077545 3109460 100.000 100.000
6/10/2006 C:\LabSolutions\Training1107\LWS QSSR\IXLI_47_OD_95 5.lcd

PDF created with pdfFactory trial version www.pdffactory.com
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6/15/2006

C:\LabSolutions\Training1107\LWS QSSR\ILWSV_111_OD_95 5.lcd

UCDAVIS Department ot Chemistry

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

HPLC Analysis Report

C:\LabSolutions\Training1107\LWS QSSR\ILWSV_111_0OD_95 5.lcd
: Admin

1

1

1

1 84

113 uL

:ILWSV_111_0OD_95 5.lcd

: OD-50_50_Hexane_ IPA_25min_1mLmin.lcm
: batch file 2.Icb

: UCD Default.lcr

1 6/11/2006 12:23:51 AM

1 6/11/2006 12:48:53 AM

<Chromatogram>
C:\LabSolutions\Training1107\LWS QSSR\ILWSV_111_0OD_95_5.lcd
mAU
] Q PDA Multi 1
300 3
200 (66) catalyst C
100
] <
s
i S
07
l \ \ \ \
0 5 10 15 20
min

1 PDA Multi 1/254nm 4nm

< Peak Table >

PDA Ch1 254nm 4nm

PeskTable C:\LabSolutions\Training1107\LWS QSSRILWSV_111_OD_95 5lcd

Peak# Ret. Time Area Height Area% Height %
1 8.462 4647866 311766 92.874 93.241
2 10.544 356640 22602 7.126 6.759
Tota 5004506 334368 100.000 100.000

6/15/2006

C:\LabSolutions\Training1107\LWS QSSR\ILWSV_111_OD_95 5.Icd

PDF created with pdfFactory trial version www.pdffactory.com

61


http://www.pdffactory.com
http://www.pdffactory.com
http://www.pdffactory.com
http://www.pdffactory.com
http://www.pdffactory.com
http://www.pdffactory.com
http://www.pdffactory.com
http://www.pdffactory.com

12/6/2021

C:\LabSolutions\Training1107\LWS QSSR\LWS_V_155_95 5 _OD_0.3.Icd

UCDAVIS Department ot Chemistry

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

HPLC Analysis Report

C:\LabSolutions\Training1107\LWS QSSR\LWS_V_155 95 5 OD_0.3.lcd
: Admin
1
1
1
134
10 uL
:LWS V_155 95 5 OD _0.3.lcd
: OD-50_50_Hexane_IPA_40min_0.3mLmin.lcm
: batch 4.Icb
: UCD Default.lcr
1 12/2/2021 4:36:24 PM
1 12/2/2021 5:16:27 PM

C:\LabSolutions\Training1107\LWS QSSR\LWS_V_155_95_5_0OD_0.3.lcd

PDA Multi 1

(67) achiral standard

0

‘ — — —T —— — —
5 10 15 20 25 30 35
min

1 PDA Multi 1/280nm 4nm

< Peak Table >

PeakTable C:\LabSolutions\Training1107AL WS QSSR\LWS V_155 95 5 OD_0.3lcd

PDA Ch1 280nm 4nm
Peak# Ret. Time Area Height Area% Height %
1 11.916 5692711 293869 16.758 18.532
2 12.963 5729796 279609 16.867 17.633
3 13.771 11319753 522610 33.323 32.957
4 15.037 11227386 489650 33.051 30.878
Tota 33969646 1585738 100.000 100.000
12/6/2021 C:\LabSolutions\Training1107\LWS QSSR\LWS_V_155 95 5 OD_0.3.Icd

PDF created with pdfFactory trial version www.pdffactory.com
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12/6/2021 C:\LabSolutions\Training1107\LWS QSSR\LWSV_127 95 5 0.3 OD.lcd

UCDAVIS Department ot Chemistry
==== HPLC Analysis Report ====

C:\LabSolutions\Training1107\LWS QSSR\LWSV_127_95_5_0.3_OD.lcd

Acquired by : Admin
Sample Name 1
Sample ID 1
Tray# 1

Vail # 143
Injection Volume 17 uL

Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

:LWSV_127_95 5 0.3_OD.lcd

: OD-50_50_Hexane_IPA_25min_0.3mLmin.lcm
: batch 6.Icb

: UCD Default.lcr

1 12/6/2021 4:34:09 PM

1 12/6/2021 5:01:02 PM

<Chromatogram>

C:\LabSolutions\Training1107\LWS QSSR\LWSV_127_95_5_0.3_OD.lcd

mAU
| PDA Multi 1
500
| (67) Rhy(S-TCPTTL),
250;
O,
0 é 1‘0 - 1‘5 2‘0 2‘5 .

1 PDA Multi 1/280nm 4nm

< Peak Table >

PeakTable C:\LabSolutions\Training1107AL WS QSSR\LWSV_127 95 5 0.3_OD.lcd

PDA Ch1 280nm 4nm
Peak# Ret. Time Area Height Area% Height %
1 11.889 1697220 87660 6.879 7.985
2 12.950 12004490 549508 48.653 50.053
3 13.965 897805 39298 3.639 3.580
4 15.268 10074278 421381 40.830 38.382
Tota 24673793 1097848 100.000 100.000
12/6/2021 C:\LabSolutions\Training1107\LWS QSSR\LWSV_127_95 5 0.3_OD.lcd

PDF created with pdfFactory trial version www.pdffactory.com
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12/6/2021

C:\LabSolutions\Training1107\LWS QSSR\LWSV_145_95 5 0.3_OD.lcd

UCDAVIS Department ot Chemistry

==== HPLC Analysis Report ====

C:\LabSolutions\Training1107\LWS QSSR\LWSV_145_95_5_0.3_OD.lcd

Acquired by : Admin
Sample Name 1
Sample ID 1
Tray# 1

Vail # 142
Injection Volume 17 uL

Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

:LWSV_145 95 5 0.3_OD.lcd

: OD-50_50_Hexane_IPA_25min_0.3mLmin.lcm
: batch 6.Icb

: UCD Default.lcr

1 12/6/2021 3:43:33 PM

1 12/6/2021 4:23:36 PM

C:\LabSolutions\Training1107\LWS QSSR\LWSV_145_95_5_0.3_OD.lcd

mAU
1 PDA Multi 1
200~
] (67) catalyst B
150
100
50-
0]
0 5 10 15 20 25 30 |

1 PDA Multi 1/280nm 4nm

< Peak Table >

PeakTable C:\LabSol utions\Training1107AL WS QSSR\LWSV_145_95 5 0.3_OD.lcd

min

PDA Ch1 280nm 4nm
Peak# Ret. Time Area Height Area% Height %
1 11.882 1036896 56202 10.443 11.845
2 12.927 1466727 74912 14.772 15.789
3 13.908 2754728 133807 27.744 28.201
4 15.197 4670746 209548 47.041 44.165
Tota 9929096 474468 100.000 100.000
12/6/2021 C:\LabSolutions\Training1107\LWS QSSR\LWSV_145 95 5 0.3_OD.lcd

PDF created with pdfFactory trial version www.pdffactory.com
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Chapter 2. Enantioselective C-H Insertion Reactions of Donor/donor Carbenes

for the Formation of Indolines and Indanes

2.1 Introduction

211 Metal Carbene Reactivity and History

Metal carbenes are reactive intermediates that undergo a wide variety of reactions.!
Selective insertion into both C—H and X—H bonds by these intermediates forms the basis
for many useful transformations.2~* Foundational work in these fields by Taber, Doyle,
Davies, and Hashimoto, among others, have revolutionized the field, making metal
carbene chemistry convenient and accessible to the average chemist.>~’. Variations in
the electronic character of metal carbenes have a significant influence on the
chemoselectivity, regioselectivity, and stereo-selectivity of their subsequent reactivity
(Figure 1). While carbenes featuring electron-withdrawing substituents are well
represented in the literature,® carbenes featuring electron donating substituents have
been seeing increased attention only relatively recently.® These donor/donor substituted
carbenes show promising potential to synthesize a variety of important molecules. The
focus of this work will be on stereoselective C—H insertion reactions of donor/donor

carbenes to create indolines and indanes.

EWG = CO,R/COR, CN, SO,R EDG = vinyl or aryl
[m] M] M] m] M]
J JC

EWG™{ "EWG EWG 9 H EWG” 3 EDG R/H"4 EDG EDG” 5 EDG

acceptor/acceptor acceptor acceptor/donor donor donor/donor

metal-carbene electrophilicity

Figure 1: Reactivity of metal carbenes
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2.1.2 Donor/Donor Metal Carbene Precursors

Catalytic reactions that proceed via carbene intermediates often employ diazo
compounds as precursors to metal carbenes.? In some cases these intermediates can be
isolated, while in other cases they are generated in situ; when exposed to a catalyst,
nitrogen gas is extruded, forming the metal. While diazo precursors for most acceptor-
substituted carbenes are generated by diazo transfer to a stabilized anion, in the case of
donor-substituted carbenes, diazo compounds are typically generated from hydrazone

precursors (Figure 2).8

TsHN _

) base )NLZ -TsNHNtI-:‘z saf:r tthantNZH4 i o
R 6 R R 7 R -one pot from ketone 1o Insertion produc

-stoichiometric base required
base = K;COs3, LiOt-Bu, LIHMDS, _peat required
Cs,CO3, NaOH, NaH

H.N -room temperature
2N . .
N MnO, N, -mild, heterogeneous oxidant
-atom economical
R"g "Ar R™ g9 Ar  _excess hydrazine required to make hydrazone

Figure 2. Hydrazone carbene precursors

Two different hydrazone precursors are typically employed in the generation of
diazo precursors for donor-carbenes. Diazo compounds can be generated from
tosylhydrazones by employing a stoichiometric amount of base, which typically requires
the use of high temperatures.3 This method avoids the use of neat hydrazine, which is
toxic and unstable, and can be performed as a one-pot procedure from the requisite
ketones. As an alternative to tosylhydrazones, unsubstituted hydrazones can be oxidized
with manganese dioxide to form diazo compounds.® Although this method requires
special handling of hydrazine, it benefits from the use of a heterogenous and

chemoselective oxidant which operates without base or elevated temperature. In some
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cases, the oxidation can be carried out in the presence of a metal catalyst (e.g., rhodium),
enabling one-pot conversion of hydrazones to carbene insertion products.

Due to the reactive nature of metal carbenes and their requisite precursors, a
variety of byproducts may be observed in the course of a typical reaction (Figure 3).3
Tosylhydrazone 16 is known to degrade to sulfone 11 at the elevated temperatures
required to form the diazo compound 7.1° Once formed, diazo intermediates themselves
are potentially explosive and are often used on small scale and/or at low concentrations
(e.g., dilute solutions and/or inverse addition). Donor/donor diazo compounds readily form
metal carbenes; the process is nearly instantaneous at ambient and lower (e.g., -20 °C)
temperatures.® For hydrazone precursor 10, when oxidation is slower than carbene
formation, metal carbene 15 can react with hydrazone 10 to form imine 14.° This process
can be avoided by filtering off the oxidant after diazo formation is complete, followed by
addition of the catalyst. If the insertion reaction is slow, then the diazo 7 can react with
the metal carbene to form azine 13.° Although most intramolecular insertions are fast
enough to avoid this process, any unwanted azine formation can be suppressed using
inverse addition of the diazo compound to a solution of catalyst. Another byproduct of
slow insertion reactions is O—H insertion, which often occurs if the reaction is not kept
sufficiently anhydrous.’" If MnO:2 is present, 17 may be oxidized to ketone 18 when
R=Ph.? When the carbene is substituted with an alkyl group, B-hydride elimination can
occur, forming alkene 19 or other degradation products. This byproduct can occasionally
be suppressed based on the choice of catalyst/ligand and the character of the B-hydride,

but is not a consistently reliable fix.2 Under certain reaction conditions for N—H insertion,
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imine 16 is observed as the byproduct of B-hydride elimination.'? Finally, donor/donor

carbenes can occasionally dimerize to form an alkene 19.

N TSNy SO,tol
J\ MnO, base J\ heat 2t0
R” "R l l R” "R R” "R
10 N, 6 1
1 R)J\R azine R
R\/\R 7 R/gN/N R
12 8 Y
0’9 R
& 13
MM —
NH 10 Js
R)J\R R R R R
15 dimerization
14
R” "R
19
NR RNH, H:O OH MnO, O
R R R)\R R R

Figure 3. Metal carbene byproducts

213 Catalysts Used in Donor/Donor Metal Carbene Insertions

The majority of donor/donor carbene insertion reactions are catalyzed by rhodium,
ruthenium and copper catalysts (Figure 4).613-15 There have also been insertion reactions
reported with gold, iron, silver, palladium, platinum and zinc catalysts, though these
examples are relatively fewer in number. This work will focus primarily on dirhodium
paddlewheel catalysts resembling 20—32 which serve as privileged reagents for insertion

reactions of donor/donor metal carbenes in our lab.
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Dirhodium Catalysts

R2

R2
R2
(o
H;C
R? NH OfRh -
- . |
o >—<<\ ‘ 0 CH; R/ |
R! O-—Rh Y 6 N
¢ 4 Br 4
1=t 2= |
2 R R R, BB s 26, R = CHj, Rhy(OAc), 31, Rhy(R-BTPCP),
21, R = t-Bu, R® = F, Rhy(R-TFPTTL), 27 R = CF,. Rho(TFA);
22, Rl = t-Bu, Ri Cl, Rhy(R-TCPTTL), 25, Rhy(esp), 28 R = By, Rho(OPV},
23, R" = t-Bu, R® = Br, Rhy(R-TBPTTL),4 29, R = mesityl, Rhy(Mes),
24,R" = 1-adamantyl, R? = H, Rhy(R-PTAD), 30, R = n-octyl, Rhy(octanoate),

PhsP‘"‘I PPh,

36, RuCI(n5-CsH5)(PPh3)2

Copper Catalysts
i-Pr i-Pr
Sy f g
39, Cu(acac), Au Br

Br i
N—CH; Cu ® © 40, Cu(CH4CN),BF, | i-P i-P N
3/u\ clo, (CH3CN), 43 i-Pr & i-Pr // ~

42, |Pr-AuCl Br

CH
Q PPh, . 38,Cul
NN
41, CuCl,
PPh, N\
™ ™,

47, TpBRAg(thf)
43, AgOTF; 44, Pd(Pt-Bus),

Br 37 45, cis-[Pt(PPhs)y(CH3CN),I[BF 4,
77777777777777777777777777777777777777777777 B 46, ZnBr,
CF, II-I Ar Ar
CFs = /?\\ +8u ] SbF6
N tBU~p_ Ay N=—CH,
CF. N i-Pr,
3 \ Y, .
i-Pr
Ag/ . Ar Ar
i-Pr
48, Tp(CF32Ag(thf) 49, [Au(t-BuXPhos)CH3CN]SbFg 50, Ar = Ph, X = Cl, Fe(TPP)CI
51, Ar = CgF5, X = adamantyl
Fe(TPFPP)Ad

Figure 4. Summary of catalysts used for insertion reactions of donor/donor carbenes.
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214 Reaction Mechanisms and Scope of Donor/Donor Carbene Insertions
Donor/donor carbenes have demonstrated immense versatility in the types of
insertion reactions they can accomplish. The mechanisms by which these insertions
proceed are variable depending on the type of X—H bond and metal catalyst involved.
This section will give an overview of the various types of donor/donor insertion reaction
mechanisms as well as their reaction scopes which will provide the necessary context for
the experimental work presented in this chapter. First, donor/donor carbene insertions to
non-C—H bonds will be discussed. Then, C—H insertion reactions of donor/donor carbenes

and their mechanism will be presented.

2.1.4.1 Mechanisms of Insertion Reactions of Non-C-H Bonds with Donor/Donor
Carbenes

N-H and P—-H insertions with donor/donor carbenes have been reported with
copper (I) catalysts and proceed through similar mechanisms (Figure 5).77-1° First,
tosylhydrazones react with base to generate diazo intermediates resembling 56, which
subsequently form metal carbenes in the presence of a copper (l) catalyst. The copper (1)
catalyst results from reduction by the diazo precursor in situ.?%2! This metal carbene 58
can be nucleophilically attacked by a heteroatom (N or P) to produce zwitterionic
intermediate 60. Final proton transfer from the heteroatom to carbon facilitates the

turnover of the copper catalyst and results in the X—H insertion product 61.
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rRF LR
RCN;  + 2cdl, —— kT + L

R R
52 53 54 ) 5
RO s cu'-L N, Ts
55 R‘JJ\R2 base
R? R2 56
61 proton carbene
transfer formation NNHTs
L
®\Cu® R4 Nat : ®
X-H Cu'-L 57
R? R2 \R3 J\
1 2
60 nucelophilic R 58 R
attack
H. R3
X R
Rt X=N,P=0

59

Figure 5. N-H and P-H insertion reaction mechanisms

Studies have suggested B-H and O-H insertion reactions proceed through
concerted mechanisms (Figure 6).22 Rhodium or ruthenium carbenes form from diazo
compound 63. A subsequent concerted hydride transfer and C—B or C—O bond formation
(transition state 66) leads to insertion product 67. Due to the strong hydridic character of
borane hydrogens when coordinated to Lewis bases, B—H insertion can proceed
intramolecularly. The mechanisms for B-H and O-H insertion also resemble the
mechanism proposed for C—H insertion (i.e. explicit concerted asynchronous hydride

transfer) discussed vide infra.

N2()

3

H\ R
/X\

R5 R4

X=B,0

Figure 6. B-H and O-H insertion reaction mechanisms.

71



Reports of palladium-catalyzed Si—H insertion reactions with donor/donor
carbenes propose a different mechanism of insertion relative to ones previously
discussed (Figure 7).28 A palladium (0) species can undergo oxidative addition with a
silane Si—H bond leading to intermediate 70. 70 reacts with diazo compound 72 to form
metal carbene 74. This intermediate could then undergo migratory insertion with either Si
or H to form either 75 or 77, respectively. Finally, reductive elimination furnishes the Si—

H insertion product 76 and regenerates the active catalyst.

SiR; .
Pd° H—-SiR;

Rz76 R! 68 69

R3Si. Pd'-H

Rz "R!

R3Si—Pd 77 \
RZJ\R1

Figure 7. Palladium catalyzed Si—H insertion reaction mechanism

21.4.2 Scope of Insertion Reactions of Non-C-H Bonds with Donor/Donor
Carbenes

There are many reported examples of N-H insertion reactions with donor/donor
carbenes (Table 1). N-H insertion reactions with donor/donor carbenes lead to nitrogen
containing products relevant to a variety of biologically active compounds and natural
products. Alkyl- and aryl-tosylhydrazones have successfully reacted with copper-based

catalysts in N—H insertion reactions to form secondary and tertiary amine and amide
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products. The first example of N—H insertion was reported by De Zotto and co-workers
using primary amines in the presence of diaryl diazo compounds and ruthenium catalyst
(Table 1, entry 2).2* Shortly thereafter, Cu(acac)2 was shown to be effective in insertion
reactions with imidazoles (Table 1, entry 4).25> This development consequently led to
successful insertions into aniline and alkyl N-H bonds (Table 1, entries 1 and 3).
Impressively, Hamze and co-workers demonstrated that their procedure was highly
chemoselective for N—H insertion over O—H moieties present in the substrate;'217 Xu and
co-workers were able to further expand this chemistry for the synthesis of amides (Table
4, entries 5-6).1826 Unfortunately, in most of these examples using copper catalysts,
byproducts formed through B-hydride elimination is common. While significant progress
has been made in the field of N—H insertion reactions, enantioselective variants of these

reactions are still elusive.

N,NHTs RLN,RZ
1 2
R N R . )J\ catalyst
H Ar” R3 Ar” R
78 79, Ar@ = Ph, substituted Ph 80
entry R! R? R® catalyst # examples yield range
1 aryl H/alkyl aryl/H/alkyl Cu(acac), 40 50-93
2 alkyl Hralky! Hralkyl [RUCI(5-C5Hs)(PPhg),] 10 10-48
3 alkyl Hralky! aryl/H/alkyl Cu(acac), 22 40-84
40 imidazoles aryl/H Cu(acac), 10 50-80
5¢ COR H H Cu(CH3CN),BF, 38 33-99
6 COR H/alkyl/aryl aryl/alkyl Cul 38 40-98
7 imidazole, carbazole, morpholine  Ph 48 3 86—94
8 Ph, Bn H Ph 48 2 51-56

2|ncludes Ar = pyridinyl, naphthyl (entry 1); Ar/R3 = fluorenyl (entry 2); Ar = naphthyl (entries 5 and 6). ? Includes 2 examples with cyclohexanone-
derived tosylhydrazones. ¢ Includes 3 examples with tosylhydrazones derived from n-alkyl aldehydes.

Table 1: N—H insertion reaction scope

A variety of donor/donor carbenes undergo B—H insertion reactions to form

alkylborane-amine complexes (Figure 8). Zhou and co-workers reported that B—H
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insertion reactions readily occur between borane-Lewis base complexes 83 and metal
carbenes (formed in situ from the decomposition of tosylhydrazones).?? As with many C—
H insertion reactions with donor/donor carbenes, phthalimide and triphenyl cyclopropane-
derived rhodium carboxylate catalysts provided impressive stereoselectivity. In contrast
to this impressive selectivity, other efforts have shown that B2Pin2 and BHpin can also
decompose aryl/aryl and aryl/alkyl diazo compounds to afford similar products as
racemates without a metal catalyst or Lewis base additives.?” Furthermore, B-hydride

elimination is less consequential in these reactions despite the presence of B-hydrogen

atoms.
. LB = )
NNHTs Rha(piv)s or LB ) __ piv: 32 examples
+ LB—BH, RN2(RBTPCP) or _"""BH, CHy MO CHs PP xFPr " 22.04% yield
1 Rhy(S-TBPTTL), ' | | BTPCP: 7 examples
Ar R 5 1 _N_ > >z .
o1 g  LIOFBU.DCE 55°C Ar u R'  H;C” “CH, N N 49-78% yield
88:12 to 96:4 er
84 85 86 TBPTTL: 8 examples
Ar = Ph, substituted Ph, naphthyl, pyridinyl, ferrocenyl 50-72 % yield
R =alkyl, aryl, H 91:9 to 98:2 er

Figure 8. B—H insertion reaction scope

O-H insertion reactions with donor/donor carbenes allow unique access to
functionalized ethers. Bertani et al. reported decomposition of 9-diazofluorene with
neutral and cationic dirhodium carboxylate catalysts, giving poor yields of the O-H
insertion product and a distribution of azine, ketone, and dimer byproducts.!' However,
when exposed to a platinum (ll) phosphine catalyst, quantitative conversion to the O-H
insertion product from methanol is observed (Table 2, entry 1). Later work by Barluenga

and co-workers demonstrated that these substrates were susceptible to thermal
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decomposition and formal O—H insertion without a transition metal catalyst, affording a
broad variety of ethers.?® This method used tosylhydrazones derived from acetophenones,
alkyl aldehydes, and alkyl ketones without observing any Bamford-Stevens type
elimination byproducts, suggesting that O—H insertion is faster than elimination without a
metal catalyst. Similar work was recently accomplished by Che and co-workers in O—H
insertion reactions using phenyl/phenyl carbenes and iron porphyrin catalyst to insert into
phenyl, aryl, and alkyl alcohols (Table 2, entry 3).! This methodology proved amenable
to S—H insertion reactions as well, affording phenyl and aryl thioethers in excellent yields
and one example of an alkoxy thioether in poor yield (Table 2, entry 4). Currently there

are reports of stereoselective variants for O—H or S—H insertion.

.R!

. N, X
R'—XH + catalyst
Ar)J\R2 I Ar R2
87 88 89
entrylal X R! Ar, R? # examples ylelc(io/roa)nge

151 o CHs Ar, R2 = fluorenyl ! 100
2 o Ph, Ar, 2-napthyl, alkyl  Ar, R2 = Ph 5 31-92
3k S Ph, Ar, 2-pyridyl, alkyl ~ Ar, R2=Ph 5 33-99

[a] diazo compounds derived from tosylhydrazones for entries 1 and 2. [b] cis-
[Pt(PPh3),(CH3CN),][BF ], 45 catalyst [c] Fe(TPFPP)CI 51 as catalyst

Table 2. O—H and S—H insertion scope

There have been recent reports of insertion reactions into Si—, Ge—, and Sn—-H
bonds using a variety of transition metal catalysts. In 2017, Wang and co-workers
demonstrated a successful donor/donor carbene insertion into a Sn—H bond in the
absence of catalyst (Table 3, entry 3).2° This report proposed two catalyst-free

mechanisms: (1) direct attack of diazo 94 by alkyl tin and (2) formation of free carbene
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95. Ultimately, the presence of a free carbene was corroborated by addition of a styrene
derivative, which formed the corresponding cyclopropanation product 99. Subsequently,
Bi reported silver (l) triflate-catalyzed Si—, Ge—, and Sn—H insertion reactions using
nosylhydrazones derived from aryl aldehydes and aryl ketones (Table 3, entry 4).30 This
method is high-yielding and tolerant of a wide range of functional groups. In 2018, Che
demonstrated that iron porphyrins at low catalyst loading (i.e. 2 mol %) could be effective
catalysts for Si—, Ge—, and Sn—H insertions (Table 3, entry 1).3! Unlike previous methods,
this procedure allowed for the ability to insert into 3°, 2°, 1° Si—H bonds. Shortly after
Che’s publication, Wang established a protocol for Si—H insertion using palladium catalyst
44 (Table 3, entry 2).22 Though in all previous reports Si—H insertion into tosyl- or
nosylhydrazones derived from aliphatic aldehydes or ketones was inaccessible, Wang
and co-workers were able to generate several Si—H insertion examples in good yield

using these intermediates.

R2 NHR® R?
R1-y-R? N” catalyst R'-x-R®
4 R R .
90 91 92
entryfal X R'R2, R3 R4 RS RS catalyst # examples ylelc:o/roe;nge
1 Si,Ge,Sn H, alkyl, aryl Ph, Arlal H,CHt! Ts 47 49 23-99
2 SI alkyl, Ph alkyl, alkynyl, Ph, Al 1y gyl aryl Ts 44 41 35-98
3 Sn alkyl Ph, Arlal H, alky! E — 40 26-85
4 Si,Ge,Sn alkyl, aryl alkynyl, Ph, Artal H, alkyl, aryl AgOTf 36 37-95

[a] Ar = substituted Ph, napthyl (entry 1); Ar = substituted Ph, ferrocenyl, anthracenyl, napthyl, pyridyl (entry 2); Ar = pyridyl, napthyl (entry

3); Ar = napthyl, furyl, thiophenyl, indolyl (entry 4). [b] 3 examples where X = Sn and Ge (30-44%).

Table 3. Si, Ge, Sn insertion scope

76



N
NNHTS N, 2
base P H—Sn(n-Bu);
S e TR
93 94 95 1
o
X PvP >‘< H—Sn(n-Bu); H- Sn(n-Bu)s
base &
H—S8n(n-Bu); /I\
N o R7®"R,
R! @HNI SnH(n-Bu); Sn(n-Bu); 96
R VI
Ph R Ry R™ "Ry
99 98 97

Figure 9. Donor/donor Sn—H insertion and potential mechanism

More recently, Franz and co-workers, in collaboration Shaw, developed conditions
to undergo the first known stereoselective intermolecular Si—H insertion reaction with
donor/donor carbenes to afford chiral-at-silicon products (Table 4, entries 1-2).32 After
substantial optimization, this methodology demonstrated moderate to good
enantioselectivity with catalyst 22 for the chiral silane products from symmetrical diazo
compounds (Table 4, entry 1). Interestingly, when unsymmetrical, prochiral diazo
compounds were used, enantioselectivity was more pronounced, giving up to 95:5 er, in

addition to giving good to excellent diastereoselectivity (Table 4, entry 2).

Arlal

N, Arlal 3_:_R4
' . RO~ g, —R® Catalyst R3-g;—R
1 2
R R Ill R! R2
100 101 102
ield range
entry R R? R® R* dr er catalyst #examples ¥ %) 9

1 Ar R! alkyl, siloxy H NA 50:50 to 86:14[] 22 15 45-91
2 Ar Ar#R! H, alkyl, aryl H 61:39t0 >95:5 61:39 to >95:5 22 9 55-95
3 aAr Ar#R CHg,Et, siloxy R3 NA 68:32 t0 99.5:0.5lF1 32 49 36-96

[a] Ar = Ph, substituted Ph, napthyl, indolyl. [b] er denotes chirality at silicon. [c] er denotes chirality at carbon.

Table 4. Si—H insertion scope continued
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Although ‘donor substituents’ on a carbene are typically aryl or alkyl, Micouin
developed a unique donor carbene using alkynyl and trimethylsilyl substituents (Figure
10).33 Using Rhz(esp)2 as catalyst, these carbenes resulted in excellent selectivity in Si—
H insertions, though limited to 3° silanes and moderate yields. It was suggested that these
donor carbenes are among the least electrophilic carbenes and could give very high
levels of selectivity. and dioxane without observing any products from O—-H, N-H, and C-
H insertions. Cyclopropanation reactions with rhodium or copper catalysts was also
unsuccessful, demonstrating the low electrophilicity and concomitant chemoselectivity of

these carbenes.

LN R2
N R2  1.MnOj, MgSO,

RZ.d._R?
/J\Si(cH w Rz*s:i’Rs PhCHj, -15 °C si 13 examples
3)3
o B 2 Rhesp), /\Si(CH3)3 34-63%
103 104 R' 105

R' = aryl, napthyl, thiophenyl, alkyl
R2, R3 = alkyl, aryl

Figure 10. Si—H insertion reactions with alky/silyl carbenes

P—H insertion reactions result in alkyl phosphonates which are useful reagents in
a variety of synthetic procedures. In 1990, Arbuzov and co-workers reported a method to
synthesize dialkyl phosphonates by P—H insertion from donor/donor copper carbenes and
hydrogen phosphites.3* Aryl/aryl diazo species 107 and hydrogen phosphites resembling
106 were added to a refluxing solution of the copper catalyst to afford 5 examples of
dialkyl phosphonates 108 in moderate yields (Table 5, entry 1). More recently, Wu and

co-workers expanded P—H insertions to aryl phosphites, utilizing copper carbenes derived
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from tosylhydrazones.’® This work reports the formation of

oxides and alkylated dialkyl phosphonates in good yields

alkylated diaryl phosphine

and without any reported

Bamford-Stevens type elimination products (Table 8, entry 2).
stereoselective variant is known.
R! o. ,R1
o‘\lfl—R‘ . )N]i catalyst “P-R!
H Ar” TR A" R?
106 107 108
entry R! Y catalyst # examples ylelzzn/roa;nge
1 alkoxy Ph, fluorenyl 39 5 52-77
2lal. [b] aryl, alkoxy  H, alkyl 41 21 50-82

[a] includes Ar = napthyl [b] diazo compounds derived from tosylhydrazones

Table 5. P-H insertion scope

2.1.4.3 C-H Insertion Reactions of Donor/donor Carbenes

Currently,

no

The functionalization of unactivated C—H bonds, namely sp® C—H bonds, has been

an attractive target in synthetic organic chemistry for decades.353%¢ The ubiquity of this

motif in all organic molecules and the potential for dramatic increases in the chemical and

stereochemical diversity of simple starting materials have placed C—H activation/insertion

methodology at the forefront of transition metal catalysis. While efforts towards

intermolecular C-H insertion with acceptor-substituted metal carbenes have been

successful, there are still only a few examples employing donor/donor carbenes.

Intramolecular C—H insertion reactions with donor-substituted carbenes, on the other
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hand, have been proven to proceed with high degrees of selectivity for a broad span of

substrate classes.8

The most common C—H insertion products are benzene-fused 5-membered cyclic
products, which are frequently generated with excellent stereoselectivity (Table 6). Che
and co-workers first demonstrated this bond-construction using ruthenium porphyrin
catalysts. Using these catalysts, they achieved the synthesis of benzodihydrofurans and
a single example of an indoline using carbenes generated from tosylhydrazone
precursors (Table 6, entries 1-2).137 As a result of the elevated temperatures required for

the reaction to occur, reaction yields and diastereoselectivities were variable.

X~ "R® X X
R? X catalyst R? | R R*
L 4 — I
109 R 110
entry R! R2 R3 X catalyst # examples vyield range dr (cis:trans) er
1 Ts methyl PMP o Ru(TTP)(CO) 1 77 >08:2 -
2 Ts methyl, Ph Ar,?alkyl, CO,CH; 0, NCH,R3%  Ru(TTP)(CO) 8 62-89 34:66 to 99:1  98:2¢
3 H Ar,Z alkyl Ar, alkyl, H, allylic? O, NTs, CH,® Rh,(R-PTAD), 19 66-99 88:12t099:1  68:32t0 99:1
4 H subsituted Ph  PMP o Rhy(S-TFPTTL),4 1 87 >95:5 98:2
5 H A Ar2 alkyl NR5" CH,, S Rhy(R-PTAD), 22 65-99  80:20 to >95:5 75:25to 99.5:0.5

aAr = Ph, substituted Ph. “One example where R3 = Ph. “One example using Ru''(D -Por*)(CO)] (D -H Por* = 5,10,15,20-
tetrakis[( 7S,4R,5R.85)-1,2,3,4,5,6,7,8-octahydro-1,4:5,8-di- methanoanthracene-9-yl]porphyrin). “ncludes one example of R® = propargylic (76%,
95:5 dr, 68:32 er). One example of X = NTs (98% 87:13 er) and one example of X = CH, (74%, >97:3 dr, 88:12 er). R5 = H, Ts, alkyl.

Table 6. Previous work on intramolecular C—H insertion reactions of Donor/Donor
carbenes

Our lab subsequently showed that not only could diazo formation be achieved at
ambient temperature by MnO2 oxidation of unsubstituted hydrazones, but also that metal
carbene formation occurs rapidly at ambient or even reduced temperatures in the

presence of dirhodium tetracarboxylates (occasionally referred to as paddlewheel
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complexes).3® Although initial reactions with achiral rhodium complexes showed only
modest reactivity and diastereoselectivity, the use of chiral rhodium catalyst Rhz(R-
PTAD)4 improved both the yield and diastereoselectivity while additionally enabling high
degrees of enantioselectivity (Table 6, entry 3). This method was subsequently employed
as the key bond constructing step for our synthesis of E-5-viniferin, representing the first
enantioselective synthesis of an oligoresveratrol natural product.3®
While relatively little is known about the exact mechanism(s) of insertion reactions
with donor/donor carbenes, they can potentially undergo C—H/X—H insertion by several
proposed pathways. Although both singlet and triplet carbenes are considered for
reactions involving free carbenes, transition metals are known to stabilize the singlet
carbene spin state to the degree that it becomes the energetic ground state.3%-42 As such,
transition metal catalyzed carbene reactions for C-H/X-H insertions are typically
considered in the singlet state, supported by experimental selectivity and computational
data.43-45
Mechanistic insight into C—H insertion reactions with donor-substituted metal
carbenes is currently limited to intramolecular reactions. For this process, discrete
transition states have been proposed (Figure 11). The concerted pathway involves a
three-centered transition state 115, while the stepwise pathway produces a zwitterionic
intermediate 113. In support of the mechanism first proposed by Doyle,*' Nakamura and
co-workers performed DFT calculations for acceptor-substituted rhodium carbenes,
demonstrating a three-center concerted transition state.*®¢ This mechanism is

corroborated implicitly or explicitly in several investigations into various donor-substituted
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carbene insertions.”2347-4° |n our previous work, the calculated reaction coordinate for a
benzodihydrofuran substrate (e.g. Table 6) showed two discrete local maxima: one for
hydride transfer and one for C—C bond formation, indicating the brief existence of an
zwitterionic intermediate, i.e. a stepwise mechanism (Figure 11, 113).% Given the breadth
of intramolecular insertion substrates to date, it is likely that changes to the substrate (e.g.
substituents at the inserting carbon, the steric and electronic character of the carbene,
and/or the size of the ring that is formed) can shift the pathway from stepwise to
concerted. As donor/donor carbenes continue to be studied, additional experimental and
computational mechanistic data will shed light on the factors that favor one pathway or

the other.

m W) M

{Rh, Ru, Cu™R'

concerted R2  Sstepwise
C-H insertion R‘JJ\/( )n C-H insertion

R2 R3 t R3
H\<x [% H X/(’ID\R2
M, J
R15&,@) R1>§,( )

Figure 11. C—H insertion reaction mechanism summary.

2.1.4.4 Diazo-free Insertion Reactions of Donor/donor Carbenes

The presence of a diazo precursor in carbene formation presents a large safety
and handling concern in carbene insertion chemistry. Diazo compounds are potentially

explosive and handling them at large scale increases that risk. Therefore, it is often times
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preferable or even necessary to explore diazo-free insertion methods, especially as
reaction scale increases. Despite the focus of this chapter on carbenes generated from
diazo precursors, examples of diazo-free insertion reactions are included in this part of

the chapter with the intention of informing readers how to overcome their inherent risks.

Several methods have been developed to generate donor-substituted metal
carbenes without diazo precursors. Most prominently, enynones, retro-Blchner ring
expansion intermediates, and cyclopropenes can be manipulated in the presence of a
transition metal catalyst to form the reactive carbene (Figure 12). Coordination of the
alkyne moiety of an enynone (116) to a suitable rhodium or gold catalyst allows for the
rearrangement of the structure to form a furyl-substituted metal carbene (117). Similarly,
the alkene moiety of a strained cyclopropene (118) can coordinate to a rhodium or zinc
catalyst, facilitating ring-opening and the formation of vinyl carbene (119). Finally, when
the retro-Blichner ring expansion intermediate (120) is exposed to a rhodium or gold
catalyst, the norcaradiene is decomposed to form a metal carbene (121) and benzene.
These metal carbene species may then be used in further intra- or intermolecular insertion

reactions.
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CH; _ catalyst H;C |) )0 H;C o
M] Rh, Au =
‘\’\\ 117
SR R
[M]J ]
HC CHs  aranyst o h |CH3
[M] = Rh, Zn TR H R
M]’ M
118 ] ™ 119
retro
Btichner H catalyst H R
R — R IM]=Rh,Au I
ring ’ [m]
120 expansion [M] 121

Figure 12. Donor-substituted metal carbene formation from diazo free substrates

Recent work by Zhu (South China University of Technology) circumvents potential
safety issues through a novel diazo-free generation of donor/donor metal carbenes from
the cyclization of enynones.>° These metal carbenes then undergo diastereoselective and
enantioselective C-H insertion to form furyl-substituted dihydroindole and
dihydrobenzofuran structural cores (Table 7). Entry 1 demonstrates the utility of the
methodology with a broad variety of both oxygen and N-acyl substrates; nearly all
examples gave excellent diastereo- and enantio-selectivity at low catalyst loadings (1-5
mol %). Entry 3 describes the application of this methodology with a furyl/alkyl carbene,
affording excellent yields of the tetrahydrofuran product but with diminished

stereoselectivity compared to entry 1.

C—H insertion substrates with allylic or propargylic insertion sites often suffer from
competing cyclopropanation (and cyclopropenation) reactions. Zhu and co-workers

expanded upon their diazo-free methodology to include chemoselective reactions with

84



allylic and alkyl substrates by using an alternative catalyst.5' The dirhodium carboxylate
catalyst used in entries 1 and 3, when applied to allylic insertion sites for N-acyl substrates,
was found to give tetrahydroquinoline cyclopropanation products with excellent
stereoselectivity. Outside of C—H insertion reactions, Zhu found that these diazo-free
donor and donor/donor carbenes generated from enynones are productive in N-H, O-H,
and Si—H insertion reactions, in addition to cyclopropanation reactions with gold catalysis
(Figure 13).%2 In a more recent report, Zhu and co-workers (Nankai University) used
rhodium paddlewheel complexes with these enynone derived diazo-free carbenes to

achieve enantioselective Si—H insertion for a wide selection of substrates.53

R? Pt LT R?
R R2 RN\ = | iR R? R'T N\
| catalyst, DCE 0 ! 0 I N \ o | catalyst, DCE 0
A (entries 1 and 2) N N A (entry 3)
R3 & 3 R3
RX X 3 L1 R0 )
122 7 J 124 125
entry X R R2 R dr er catalyst # examples y'elc(ia/:gnge
1[a] 0, NAc alkyl, alkoxy alkyl alkyl, alkenyl,NA 50:50 to >99:1 24 29 65-99
CO,Et, APl 61:39 to >95:5
2lc] NAc alkyl, alkoxy, Ph alkyl, Ph alkyl, alkenyl,NA 91:9 to >99:1 33 34 43-97
Arlbl
3[al NA CH3 CH3 alkenyl, Ph 77:23 to 95:5! 24 3 99

[a] reactions run -20 to -30 °C. [b] Ar = Ph, substituted Ph, napthyl (entry 1); Ar = Ph, substituted Ph (entry
2). [c] reactions run 80-120 °C

Table 7. Diazo-free C—H insertion reactions of donor/ donor carbenes
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imidazole H;C

IPr-AuCl (1 ppm) o o ——
Selectfluor (10 mol %) // E//\N
DCE, 80 °C, 72h, 74%  HsC
127a Ph
BnOH HyC
IPr-AuCl (100 ppm)
Selectfluor (10 mol %) &/ ©
o o DCE, 80 °C, 12h, 47% =~ -0Bn
HsC
Hs;C | CH, 127b Ph
SiEtzH
AN IPr-AuCI (1 ppm) HsC
126 Ar Selectfluor (10 mol %) 0 /O
DCE, 80 °C, 12h, 99% - Sits
HsC
127¢ Ph
SiRzH H,C ¢
[Rh] 24 (1 mol %) o o
DCE, -15 to 0 °C, 2-20h ! 1 sr
24 examples HaC Rs
up to 93%, 99:1 er 3 1274 Ar

Figure 13. Diazo-free N-H, O-H, and Si—H insertion reactions with enynone-derived

donor carbenes.

Echavarren and co-workers were able to generate diazo-free donor carbenes
through a retro-Blchner ring expansion (Figure 14). With gold phosphine catalyst 49,
intramolecular C—H insertion to form an indane was achieved as the minor product,
affording mostly cyclopropanation products.>* In more recent efforts, the Echavarren
group used dirhodium paddlewheel complex Rhz2(TFA)4 (27) to better effect, generating

numerous intermolecular Si—H insertion products (Figure 14).5°

[Au] 49
DCE 120 °C
129

128a

1 example
8%

[Rh] 27 .

2 mol % [Rh]‘\_\ silane R3S|—\:\
R 60 °C, 18h Ar

128b 130

R = 1,3,5-trimethylcycloheptatriene 26 examples
Ar = Ph, substituted Ph, napthyl, phenanthrenyl 37-86%

silane = SiEt3H, SiPhHj, Si(i-Pr)3H, Si(TMS)3H, Si(CHa)(t-Bu)H,
Si(CH3)PhyH, Si(CH3),BnH
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Figure 14. Formation of carbenes through retro-Blichner ring expansion

Another robust method for generating diazo-free donor metal carbenes is by the
ring opening of substituted cyclopropenes. Early efforts by Cossy and co-workers
demonstrated an impressive substrate scope using this method for intramolecular C—-H
insertion (Figure 15, 131-133). With Rh2(OAc)4 as the catalyst, substituted pyrans (133)
were achieved with excellent diastereoselectivity at low catalyst loadings (0.5 mol %); a
desymmetrization experiment furthermore demonstrated excellent stereoselectivity,
affording 133 (R?> = CH2CH20R) as a single diastereomer. The authors also offered
intriguing stereoselectivity models for these novel substrates and produced convincing
evidence for a concerted mechanism for these insertion substrates via stereospecific

deuterium labling experiments.4’

Vicente and co-workers also used substituted cyclopropenes as diazo-free donor
metal carbene precursors with significant success. In a simple and cost-effective system
using zinc bromide as the metal catalyst, Vicente was able to generate structurally unique
allyl silanes (26 examples) from a variety of substrates and various silanes/siloxanes
(Figure 15, 134-136).56 Notably, this method was applied in Ge—H insertion for the first
ever zinc-catalyzed insertions into germanium hydrides. In a later report by Vicente and
co-workers, cyclopropene-derived rhodium octanoate (23) carbenes were used to
generate a broad scope of substrates (>35 examples) via intermolecular Si—H insertion
reactions (Figure 15, 137-139). This method was effective at low catalyst loadings (1

mol %) and tolerated other traditionally reactive moieties on the substrate (i.e. phenols,
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allyl benzyl groups). For a specialized class of substrates, intramolecular Si—H insertion
reactions were also achieved to produce racemic cyclic siloxanes. While these
researchers have had considerable success with these diazo-free methodologies, there
are still many opportunities to expand substrate scope, further develop enantioselective

variants, and introduce new orthogonal diazo-free methods.

H;C_ CHj
[Rh] 26 H;C._ _CHj
OH (0.5 mol %) | [Rh] < OH |46-98% | on
CH,Cly, rt >95:5 dr "
R XTOR? ~x
R R! X R?
131 132 133
X = 0, CH, R' = aryl, alkyl,CH,OR CO,R; R2= H, CH3, CH,CH,OR
ZnBr;
1 2 2 R! R2
RZgR (2 mol %) J: | XRéH M\[
Z
R3 CH2C|2 [Zn] R3 43-98% R3X R?
134 136

R'/R? = CHj, alkyl, cycloalkyl, aryl; R3 = H, CHs, SiR3, CH(Ph)NHR,
X = Si, Ge; R* = alkyl, aryl, TMS, OTMS, oligomeric siloxanes

HsC_ CH,
[Rh] 30
OH (1 mol %)| [Rh]<_ SiRgH  RsSi
CH,Cly, rt 45-95%
137 138

n=0,1;X=0, CH,, R=0R, alkyl, aryl

Figure 15. Cyclopropene-derived donor carbene insertion reactions.

2.1.5 Intramolecular C-H Insertion Reactions to Form Indolines and Indanes
Pioneering work in our group has developed the use of donor/donor metal carbenes
for enantioselective C—H insertion reactions to form benzodihydrofurans.®38 Using our
methodology, we were interested in exploring insertion reactions utilizing substrates to
form indolines and indanes, which are valuable motifs in many natural products and drug

targets (Figure 16).57-5°
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2014 HN. - G~po Rhy(RPTAD), R:L__O

(1 mol%)
n)k@ MnO, R

R=Ph
Sdonordonor .
This work
HN- x“pt Rho(RPTAD), Ri__x o
(1 mol%)
R MnO N H O-Rh
2 R — |
o > <\
R O+Rh
R= Ph Rhy(R-PTAD),
indolines: X = NH or NR? (R=1-adamantyl)

indanes: X = CH,
benzodihydrothiophenes: X = S

Figure 16. Summary of our previous work and this work

Although these heterocycles can be prepared by a variety of strategies, formation
of the C2-C3 bond by C—-H insertion offers the opportunity to create two stereogenic
centers at once.®® Intermolecular C—H insertion has been used previously for the
synthesis of indolines, however few examples of substrates containing basic nitrogen
have been shown to proceed with high levels of enantioselectivity.6'-66¢ We documented
the first enantioselective synthesis of an indoline from a donor/donor carbene, albeit with
modest enantioselectivity, on a substrate lacking a basic nitrogen atom.3® Recently, Zhu
et. al. reported the enantioselective synthesis of indolines from donor/donor carbenes via
a non-diazo approach.®° Inspired by this approach, we set out to establish a robust
method to construct indolines and indanes via C—H insertion reactions of donor/ donor

carbenes.

2.2 Results

2.2.1 Indolines
To generate a wide range of indoline products, we developed a modular substrate

synthesis (Scheme 1). 2-flourobenzophenonone 140 was coupled to amine 141 by an
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SNAr reaction. Next, the resultant ketone was treated with hydrazine and acetic acid to
form hydrazone 143. Hydrazone 143 could then be oxidized and treated with the requisite

dirhodium catalyst to generate indoline 144.

R’ R? R! R2?

R! R?
o F \ H R KoCOg3, o k N) NoH,4, AcOH HzN\N kN) 1. MnO,, N/_
R - = -2
s T CH3CN, EtOH, 2. [Rh],CH.Cl,
14 180 °C, 1-5h 180 °C, 1-5h 0°Ctort
R= alkyl 65-98% 60-98% 66-99%
140 142 143 144

Scheme 1. Indoline substrate synthesis

A variety of indolines were synthesized with high levels of diastereo- and
enantioselectivity (Figure 17). Fused indolines derived from cyclic anilines (146a-d) were
formed in good to excellent er, dr, and yield. C—H Insertion into primary centers is known
to be electronically unfavorable,t”-6° however, indoline 146e was produced in high yield
and modest er. Increasing the steric demand of a methyl substituent to an ethyl
substituent had a drastic effect on the enantioselectivity of the reaction, as indoline 146f
was produced as primarily one enantiomer. This observation suggests that increased
steric bulk at the insertion center plays a key role in the high degree of stereoselectivity
observed. An indoline derived from an N-tosyl protected amine was also tolerated (146b)
allowing for further modification after deprotection. Additionally, hydrazone 145g derived
from a free amine was synthesized in excellent er, dr and vyield (146g). X-ray
crystallography of 146¢ indicated that the relative and absolute configurations of the
product were consistent with the sense of induction observed for the formation of

benzodihydrofurans in our previous work.
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Rhy(R-PTAD), (1 mol%)  R'__N

N
Ph)J\© MnO,, CH,Cl,, 0 °C to rt I@
Ph

,,,,,,,,,, 145a-9 ... eeag
Ts
\N o/ﬁ
) /HN ]
Ph Ph' Ph
146a, 70% 146b, 66% 146¢, 78%
>95:5 dr; 96:4 er >95:5 dr; 99.5:0.5 er 93:7 dr; 99.5:0.5 er
CH
SHy o
N N HsC N
146d, 97% 146e, 99% 146f, 85%
>95:5 dr; 99.5:0.5 er 82:18 er >95:5 dr; 99.5:0.5 er
» X-ray crystal
,‘l ' structure of
Ph N ‘ 146¢
PhI@

1469, 97%
>95:5dr; 97:3 er

Figure 17. Indolines synthesized by C—H insertion reactions of donor/donor carbenes

A number of free amine containing indoline substrates were synthesized in an
attempt to replicate the result of compound 146 (Figure 18). A free amine is an attractive
functional group to target because it represents a benchmark for a high level of functional
group tolerance for a particular reaction and additionally serves as a chemical handle for
subsequent reactions. However, under optimized reaction conditions none of the desired
products were observed. In each case treatment of the requisite hydrazone produced a
complex reaction mixture with no identifiable major product. We hypothesize that this is
due to the highly Lewis basic nature of the secondary amine, as well as the proclivity for

N-H insertion reactions to occur.
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Figure 18. Secondary amine indoline substrates

2.2.2 Mechanistic Studies

Over the course of our synthesis of indolines, it became apparent that
unsymmetrical aniline substrates presented the opportunity to insert into two chemically
different C—H bonds. Inspired by mechanistic studies performed in our previous work,°
we set out to test the effects of steric bulk and electronics on the regiochemical outcomes
of C—H insertion reactions to form indolines. In the case of benzodihydrofurans, the
insertion proceeds stepwise, beginning with a hydride transfer followed by rapid collapse
of the resultant zwitterionic intermediate Il (Scheme 2). From an electronic perspective,
insertion is favored by substituents that stabilize cations at the insertion carbon. From a
steric perspective, on the other hand, steric demand near the insertion carbon can be

unfavorable, especially when paired with crowded chiral catalysts.

[Rhf]\ [Rh] ©
(H C : ) H<
H (o] (o] R
T @Y Zj@

I II 11

zwitterionic intermediate
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Scheme 2. Reaction mechanism postulated from our benzodihydrofuran work

To study the effects of shape and electronics on the regioselectivity of this
chemistry, we synthesized a series of unsymmetrical hydrazones (153a, b) with both
sterically and electronically favorable insertion sites (Table 7). In the presence of
Rh2(OAc)4, insertion at the more electronically favorable benzylic carbon of 153a is
observed, to form 155a (Table 7, entry 1). Treatment with Rh2(Mes)4 and Rh2(R-PTAD)4,
shows a decrease in selectivity for the electronically favorable center as the bulk of the
catalyst increases (Table 7, entries 2, 3). When methyl is contrasted with isopropyl (153b),
selectivity for the methyl carbon is modest with Rh(OAc)4 (Table 7, entry 4), and use of
the Rhz(Mes)4 catalyst heavily favors methyl insertion (entry 5). Finally, the reaction of
153b with Rh2(R-PTAD)4 also favors methyl insertion (154b), albeit to a lesser extent
(Table 7, entry 6). The results indicate that both steric and electronic influences both play

essential and often competing roles in determining the most favorable insertion pathway.

R
R CH
N L cHy r “Ha
N N N R N
catalyst (1 mol%)
’ Ph' Ph

153a,b 154a,b 155a,b
Entry R catalyst 154:155
1 Ph Rh,(OAC), 7:93
2 Ph Rhy(Mes), 25:75
3 Ph Rhy(R-PTAD), 51:49
4 i-Pr Rhy(OAC),4 61:39
5 i-Pr Rhy(Mes), 95:5
6 i-Pr Rhy(R-PTAD), 82:18

Table 7. Indoline regioselectivity study

We attempted to further probe the cationic character of the insertion carbon by

synthesizing cyclopropane-based substrates (Scheme 3) with the intent of “trapping” the

93



cation via a ring expansion of the presumed zwitterionic insertion intermediate (Scheme
2, ). Firstly, we explored substrates leading to benzodihydrofuran products as most of
the work in our lab up to this point has involved this class of substrates. The synthesis of
the requisite hydrazone was carried out by alkylation of phenol 158 with bromide 156,
followed by hydrazone formation to yield 160. We found that no ring expansion product
was observed with 160 using the standard insertion conditions developed in the lab (Table

8, entries 1-3).

3 Benzodihydrofuran substrate

") 1 156
> : w o OH
Br 1Ph)J\N/0\CH ! 520, i O/W N,H,, ACOH o
3 ) ° ACN Toha ACOR
: CH; ' 50 °C EtOH 80°C on
156 ; 157 : 158 98% 159 84% 160

Benzodihydrothiophene substrate

o s HoN(
SH O NaH, THF, 0°C O SH 156 N s
to reflux Cs,CO; NoHy, AcOH
oH PhLi O O ACN O O EtOH 80°C on O O

0°C to rt 50 °C 95%

161 31% 162 3% 163

Indoline substrate \/
P(OEt)2

O CH; o 2 reduction

NBS, AIBN P(OEt); NeH | |
O O CCl,, reflux O O O O THF.0° THF,0°Ctort. O O

20%

165 166 167 168 169 |
hydrazone
formation !

=
Br MgBr n BuL| H,N
EtyZn, CHyl N
—/ b Rl \/ NoHs ACOH N
Br DCM
EtOEt Br ar THF EtOH 80°C on
0°C to rt 0°Ctort -78°Ctort 95%
170 98% 171 96% 172 26% 174

Scheme 3. Synthesis of cyclopropane derivatives
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Y X | X

i X catalyst (1 mol%)
Ph)J\© MnO, CH,Cl,, 0 °C O O O O
175

176

HaN

160, 164, or 174

Entry X catalyst 175:176
1 o Rhy(OAc), 100:0
2 o Rhy(Mes), 100:0
3 O Rhy(R-PTAD), 100:0
4 S Rhy(OAc), 100:0
5 S Rhy(Mes), 100:0
6 S Rhy(R-PTAD), 100:0
7 CH, Rhy(OAc), 100:0

Table 8. Insertions of cyclopropane derivatives ratio of 175:176 measured by '"H NMR

Following this result, we hypothesized that the insertion reaction was much faster
than the desired ring expansion. To slow down the insertion reaction, we synthesized a
less reactive sulfur substrate 164. This involved the synthesis of thiol 162 by phenyl
lithium addition to carboxylic acid 161. Similar to the benzodihydrofuran substrate,
alkylation of 162 followed by hydrazone formation furnished the desired sulfur containing
hydrazone 164. In analogy with benzodihydrofurans, these substrates also exclusively
favored the benzodihydrothiophene product as opposed to the ring expansion product

(Table 8, entries 4-6).

A final attempt was made at cyclization using the highly deactivated indane derived
hydrazone 174 (Scheme 3). Our first synthesis involved halogenation of ketone 165 by
NBS. Next, phosphonation followed by a Horner Wadsworth-Emmons (HWE) reaction
with aldehyde 168 furnished ketone 169. However, the HWE reaction gave an
unsatisfactory yield due to the enolization of aldehyde 168, generating a large amount of
the homo-aldol product. As such, a new route was developed wherein bromide 170 was

alkylated with allyl magnesium bromide to produce arene 171. Next, a Johnson-Corey-
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Chaykovsky reaction was used to generate cyclopropane 172. Lithium halogen exchange
followed by addition to benzoic acid-derived Weinreb amide 157 gave ketone 173. Finally,
treatment with hydrazine furnished the desired indane hydrazone precursor 174.
Unfortunately, insertion of this substrate with our least active catalyst , Rh2(OAc)4, did not
produce any of the desired rearrangement products and thus no more reactions were

carried out on this material (Table 8, entry 7).

2.2.3 Indanes

In our seminal publication, we demonstrated that the formation of indanes by C-H
insertion of donor/donor metal carbenes was possible in good yield and with a modest
degree of stereoselectivity. In this work, we expand the scope of this chemistry to include
a variety of indanes in excellent yield and selectivity (Figure 19). The synthesis of aliphatic,
spirocyclic, five- and six-membered rings were particularly effective (Figure 19, 178a and
¢). Heteroatoms were also tolerated to generate the corresponding spirocycles 178d and
e including a Boc-protected amine. Although disubstitution at the inserting carbon creates
a high level of steric crowding, it stabilizes carbocation formation at the insertion center
more readily. As such, these substrates react to form quaternary carbons in high yield
and with high levels of stereoselectivity (178b). The absolute configuration of the new
stereogenic center was demonstrated to be S, upon treatment with Rh2(R-PTAD)4 in
agreement with the sense of induction for both benzodihydrofurans and indolines.
Substitution of the carbene pendant groups with halogens was also tolerated with

excellent selectivity (178f and g). Furthermore, J-values of the relevant protons of these
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products were consistent with the cis diastereomer observed both in this work and in our

previous work.

HoN
N R! R!
Rhy(R-PTAD), (1 mol%)
Ph MnO,, CH,Cl, or CHyCN
0°Ctort Ph

177 178
HyC
HiCws
Ph Ph Ph
178a, 89% 178b, 89% 178c, 86%
99:1 er 92:8 er 93:7 er
Boc_
N\____ 0\,4_
178d, 91% 178e, 89%
96:4 er 94:6 er
Ph., N
3 X-ray crystal
OCHs : structure of
/@ ! 178d
X 3

Rh,(S-PTAD),

178f X= Br; 65%
>95:5 dr; 97:3 er
1789 X=F; 87%
96:4 dr; 93:7 er

Figure 19. Indane reaction scope

2.2.4 Targeted Synthesis of Patented Indane Drug

Having established a robust method for the enantioselective synthesis of indanes,
we decided to apply our method to the synthesis of a patented estrogen receptor agonist
179 (Scheme 4).70 We hypothesized that the indane core of 179 could be accessed
stereoselectively through our established methodology via insertion of hydrazone 180.
Therefore, the rest of the initial synthetic route was designed around the synthetic access

of ketone 186 (Scheme 5).

97



Ph

QQ}M

o
179

N__ patented indane estrogen
receptor agonist

Scheme 4. Retrosynthetic analysis of 179

Ph

o ! o] Ph o] Ph
/@)‘\N/CH:; . n-BuLi, THF O O NaOH O O
! o DMSO, H,0
F OCHg 38% F OCH;  39% HO OCH,4
181 182 ocH, 183 184

HaN-y Ph [o) Ph 185

/@ % Rhy(S-PTAD), O Mot AGOH O O C|\/\NQ

CHGCN '

OCH; ‘—20 % o) 180 OCH;,3 EtOH, 170 °C o) 186 OCH3 K2COq

80:20 dr 70 % H CH<CN

75:25 er 20"/

C) & O °

Scheme 5. Initial route to indane drug synthesis

Arene 182 was treated with butyllithium and Weinreb amide 181 yielding ketone
183. However, the ortho substitution of ketone 183 proved troublesome to its synthesis
which was reflected in its low yield. As such, extensive optimization was done (Table 9).
First, the additions to the aldehyde were attempted with various organometallic sources
and solvents (Table 9, entries 1-6). Of all the organometallic reagents used, tert-
butyllithium led to the highest yield of product (Table 9, entry 2). Overall, the yield of these
reactions was generally poor and extensive byproducts were observed resulting from
over-alkylation. In order to eliminate potential byproducts resulting from over addition of
the organometallic reagent to the aldehyde electrophile, reactions utilizing a benzyl-
Weinreb amide were attempted (Table 9, entries 7-9). While the yield of these reactions

was still poor, over alkylation was avoided and only product or proteo-deiodination were
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recovered. Further changes in solvent and lithium source did not improve the yield by a
significant margin and, as such, conditions in entry 7 were selected. Following the initial
ketone synthesis, an SnAr reaction with sodium hydroxide was used to install a phenol,
followed by alkylation to furnish ketone 184. Ketone 184 was then treated with hydrazine

and acetic acid to furnish the desired hydrazone 180 in 70% yield.

Ph
o I o Ph
R+ organometalic, solvent O O
. -78tort E OCH,
183

181 182 ocH,

Entry R Oraganometalic Solvent % Yield of XX
1 H n-BuLi THF 20
2 H tert-BuLi toluene 22
3 H i-Pr-MgBr THF 10
4 H n-BuLi EtOEt 12
5 H tert-BuLi toluene 18
6 H i-Pr-MgBr EtOEt 9
7 HNOCH;  n-Buli THF 38
8 HNOCH; tert-BuLi toluene 30
9 HNOCH; n-BuLi EtOEt 20

Table 9: Optimization of ketone 183 synthesis

The subsequent insertion reaction of hydrazone 180 also proved challenging
(Table 10). Treatment with three of our previously highest performing catalysts under
optimal conditions (Table 10, entries 1-3) showed that substrate 180 had remarkably low
levels of reactivity. At the standard 0 °C to room temperature reaction conditions, the
insertion reaction only proceeded when the highly electron-deficient catalyst
Rh2(TCPTTL)4 was used (Table 10, entry 2). Changing the solvent had little effect on the
reaction, however, refluxing finally caused the reaction to proceed with Rhz(S-PTAD)a4,

albeit with poor yields and stereoselectivity (Table 10, entry 6).
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H,N Ph,
N Ph <:iz g
catalyst (1 mol%) AN /@
> [0}
G O O MnO, solvent, 0 °C
~ o OCH, och,

180 179
Entry catalyst solvent temperature dr er % yield
1 Rho(S-PTTL) CHLCI 0°Ctort - - only oxidation
2 Rhy(TCPTLL), CH,Cl, 0°Ctort 63:37 55:45 10
3 Rhy(S-PTAD), CH,Cl, 0°Ctort - - only oxidation
4 Rho(BTPCP), CH,Cl, 0°Ctort - - only oxidation
5 Rhy(S-PTAD), CH4CN 0°Ctort - - only oxidation
6 Rh,(S-PTAD), CHSCN 0° C to reflux 80:20 75:25 20

Table 10. Optimization of insertion reaction to synthesize 179

While these conditions ultimately yielded the desired product, we were unsatisfied
with the low yield and poor levels of stereoselectivity. We hypothesized that the highly
electron donating nature of the arene groups of hydrazone 180, coupled with the
presence of a Lewis basic tertiary amine, might be responsible for the subpar insertion
result. As such, we decided to re-route the synthesis of 179 to include insertion of bromide
188 (Scheme 6). We hoped this would solve the electronic issues we were having while
maintaining a bulky group on the arene, which might help with stereoselectivity and serve
as a useful chemical handle. We planned to synthesize the final product by a modified

Ullman coupling with commercially available amino alcohol 187.

Ph,

ST P
9 179 o /[:::X [:Ei:j*-ocus

N_ patented indane estrogen
receptor agonist 187 188

Scheme 6: Re-routed retrosynthesis including bromide 188
To access bromide 188, a Wittig reaction with 191 and 190 was carried out

followed by reduction to furnish meta-substituted arene 192 in high yield over two steps
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(Scheme 7). A Friedel-Crafts acylation was then conducted with acyl-chloride 193a to
produce ketone 194a. Hydrazone formation followed by insertion using Rh2(S-PTAD)4
yielded the desired indane core 188 in 65% (56% over two steps) with a high degree of
stereocontrolr. A modified Ullman coupling to install amino alcohol 187 produced the
target compound in 95% yield after extensive optimization. Using this route, the synthesis

of 179 was achieved in 6 steps with 9% overall yield.

o 1. NaH OCH, o o) Ph
THF SnCl,
PPh;B! H B — ———
B 2. H, PAIC Cl  CHCl,
oA + 194a, X=Br 56%
92 C two st X 194b, X=F 58% X OCH,
190 OCH; 191 5% over two steps Ph 192 193a, X=Br 1858, 87%
193b, X=F 198b, 80% | NeHa, ACOH
Ph,, EtOH
87%

H,N

HO .
/@ E@\ocm H _MnO,, Rhy(S-PTAD), N Ph
Cu(OAC),, LiOtBU
o (OAC), : oCH, “CH.ClL,

+BuOH N 65% >95:5 dr 97:3 er O O
9% over-all yield 95% Q 188 Br OCHj3

179 195a
N

U v

Scheme 7. Enantioselective synthesis of patented estrogen receptor agonist 179
Ullman coupling of bromide 188 was initially low-yielding and thus, required
optimization. Initial results utilizing a literature precedent procedure (Table 11, entry 1)
resulted in only 50% conversion by '"H NMR. To combat this issue, the catalyst loading
was increased up to stoichiometric amounts and still no increase in conversion was
observed. We hypothesized that the catalyst might be getting poisoned, and the
procedure was modified to allow for two portion-wise additions of 1 mol % catalyst
between sessions of heating (Table 11, entry 5). We were pleased to see that this

modification resulted in near quantitative yield of the desired coupled product 179.
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Ph HO O Ph
H N
. /@ ol Cu(OAC) (xx mol%) \/\0 @
LiOt-Bu, HOt-Bu, temp
OCH, Q OCH,
179

188 187
Entry catalyst loading mol % temp. % conversion by THNMR 188:179
1 1 130 °C 50:50
2 10 130 °C 50:50
3 100 130 °C 50:50
4 1 170 °C 50:50
5 1 then 1 130 °C >95:5

Table 11. Optimization of Ullman coupling

2.3 Conclusion

The construction of new carbon-carbon bonds is a fundamental endeavor of the
organic chemist. Controlling the stereochemistry of their formation is arguably one of the
most powerful methods chemists possess to control the downstream function of a
molecule. Herein, we have presented a new method for the formation of indanes and
indolines by intramolecular C—H insertion reactions of donor/donor carbenes. This
methodology furnished a variety of indanes and indolines in moderate to high yields with
a high degree of stereochemical control. Finally, this method development culminated in
the first enantioselective synthesis of a patented drug molecule, highlighting the utility of
this chemistry. Future work will focus on expanding this methodology to non-diaryl

carbenes, and the construction of different sized heterocycles.
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2.4 Experimental

General Comments. Chemicals were purchased and used without further
purification unless otherwise specified. All reactions using anhydrous solvents were
carried out under an atmosphere of industrial argon in flame-dried glassware with
magnetic stirring. Anhydrous solvent was dispensed from a solvent purification
system that passes solvent through two columns of dry neutral alumina. Reactions
were monitored by thin layer chromatography (TLC, Merck), and detected by
examination under UV light (254 nm and 365 nm). Flash column chromatography
was performed using silica gel [230-400 mesh (40-63 um)]. Extracts were
concentrated in vacuo using both a rotary evaporator (bath temperatures up to 40
°C) at a pressure of either 15 mmHg (diaphragm pump) or 0.1 mmHg (oil pump), as
appropriate. High vacuum procedures were carried out at room temperature. 'H and
proton-decoupled 3C spectra were measured in CDCIz at 400, or 600 MHz, and
101 or 151 MHz respectively unless otherwise noted. All spectra in CDClz were
referenced at TMS = 0 ppm. High-resolution mass spectrometry was performed on
positive mode and ESI ionization techniques were used, unless otherwise noted.
Melting points were taken on an EZ-melting apparatus and were uncorrected.
Infrared spectra were taken on a Bruker Tensor 27 spectrometer. All microwave
experiments were run in a biotage initiator EXP EU 400W microwave synthesizer

2.0 serial number 11031.
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General Procedure A (nucleophilic aromatic substitution). To an oven-dried 20 mL
microwave vial was added K2COs (3 equiv). The vial was evacuated under vacuum and
backfilled with argon. To the vial was added DMF or CHsCN (1.0 M), the respective amine
(1.2 equiv), and 2-fluorobenzophenone (1 equiv). The mixture was heated to 180 °C in a
microwave reactor for 2-4 hours. Upon completion by TLC, the crude mixture was poured
into water (50 mL) and extracted with CH2Cl2 (3 x 75 mL). The combined organic layers
were dried over Na2SOu, filtered, and concentrated in vacuo. The crude reaction mixture
was purified by flash column chromatography or recrystallization to yield the desired

ketone.

General Procedure B (alkylation of 2-mercaptobenzophenone). To a flame-dried 50
mL round bottom flask was added 2-mercaptobenzophenone (1.0 equiv). The flask was
evacuated under high vacuum and backfilled with argon. To the flask was added
acetonitrile (0.1 M), the respective bromide (1.3-1.5 equiv), and K2COz or Cs2CO3 (3
equiv). The mixture was then heated to 65 °C for 18 hours and then cooled to room
temperature. The reaction was gravity filtered through fluted filter paper to remove K2COs
or Cs2C0Os. The filtrate was concentrated in vacuo and the crude mixture was purified by

flash column chromatography.

General Procedure C (alkylation of 2-mercaptobenzophenone). To a flame-dried 50
mL round bottom flask was added 2-mercaptobenzophenone (1.0 equiv). The flask was
evacuated under high vacuum and backfilled with argon. To the flask was added

acetonitrile (0.1 M), the respective bromide (1.3-1.5 equiv), and K2COz or Cs2CO3 (3
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equiv). The mixture was then stirred at room temperature for 18 hours. Upon completion
by TLC, the reaction was gravity filtered through fluted filter paper to remove K2COs or
Cs2C0s. The filtrate was concentrated in vacuo and the crude mixture was purified by
flash column chromatography.

General Procedure D (microwave hydrazone formation). To an oven-dried 5-25 mL
argon backfilled microwave vial was added a solution of the respective ketone (1 equiv)
in anhydrous EtOH (0.1 M). To the vial was added AcOH (2 equiv) and anhydrous
hydrazine (10 equiv). The vial was heated in a microwave reactor at 170 °C for 2-5 hours.
The reaction mixture was then concentrated in vacuo, dissolved in diethyl ether (50 mL),
and washed with H20 (3 x 30 mL). The organic layer was dried over Na=SQs, filtered,
concentrated in vacuo, and purified by flash column chromatography to yield the desired

hydrazone.

General Procedure E (hydrazone formation).Following literature precedent,(1) to the
desired alkylated benzophenone (1 equiv) in anhydrous EtOH (0.06 M) was added
anhydrous hydrazine (12-20 equiv.) and glacial acetic acid (1.2 equiv). The reaction was
heated to 80 °C for 18-120 h with additional hydrazine and AcOH added as needed if
poor conversion was observed by TLC. The reaction was allowed to cool and EtOH was
removed in vacuo. The residue was taken up in diethyl ether (30 mL) and H20 (20 mL).
The layers were separated, and the organic layer was washed with H20 (2 x 20 mL). The

combined organic layers were dried over Na2SOq, filtered, and concentrated in vacuo.

General Procedure F (reduction after hydrazone). Argon was bubbled through a

solution of the crude hydrazone from general procedure E (1 equiv) in CH3zOH (0.3 M) for
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15 minutes. 10% Palladium on carbon (0.05-0.1 equiv) was added and argon was
bubbled through the mixture for an additional 5 minutes. The reaction was sparged with
H2 (g) for 5 minutes and then stirred for 18-28 h at room temperature under 1 atm of Hz
(9)- The crude product was filtered through Celite with CH2Cl2 and concentrated in vacuo.
In some cases, the 'H NMR of the crude reaction mixture showed incomplete conversion
and the crude material was resubmitted under the same reaction conditions for an
additional 18 h. The crude product was purified by flash column chromatography using 2-

40 % EtOAc:hexanes as the eluent on neutral alumina.

General Procedure G (sequential one-pot insertion). To a flame-dried 7 mL
scintillation vial under argon atmosphere was added the desired hydrazone (1 equiv)
followed by anhydrous CH2Cl2 or CH3CN (0.01 M). To the vial was added MnQOz2 (8 equiv).
The resulting dark suspension was stirred until full conversion of the starting material was
observed by TLC. Upon pausing stirring, a color change from clear to magenta was
observed from formation of the diazo. The vial was then cooled to 0 °C and the desired
rhodium catalyst was added (0.01 equiv). The reaction mixture was warmed to room
temperature and allowed to react from 10 min to 12 h. The crude reaction mixture was
filtered over Celite to remove MnQOz2, concentrated in vacuo, and purified by flash column

chromatography to yield the desired insertion product.

General Procedure H (two-pot insertion). To a flame-dried scintillation vial under argon
atmosphere was added the desired hydrazone (1 equiv) followed by anhydrous CH2Cl2
or CHsCN (0.01 M). To the vial was added MnO2 (8 equiv). The resulting dark suspension

was stirred until full conversion of the starting material was observed by TLC. The reaction
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mixture was filtered over Celite into a new flame-dried, argon backfilled 20 mL scintillation
vial using the same solvent. The magenta solution was cooled to 0 °C and the desired
rhodium catalyst was added (0.01 equiv). The reaction mixture was warmed to room
temperature and allowed to stir from 10 min to 12 h. The crude reaction mixture was
concentrated in vacuo and purified by flash column chromatography to yield the desired

insertion product.

General Procedure | (one-pot insertion). To a flame-dried scintillation vial under argon
atmosphere was added the desired hydrazone (1 equiv) followed by anhydrous CH2Cl2
or CH3CN (0.01 M). The vial was cooled to 0 °C and MnO2 (8 equiv) and the desired
rhodium catalyst (0.01 equiv) were added. The resulting dark suspension was warmed to
room temperature and allowed to stir from 10 min to 12 h. The crude reaction mixture was
filtered over Celite, concentrated in vacuo, and purified by flash column chromatography

to yield the desired insertion product.

Note: Hydrazones were often isolated as a mixture of E/Z isomers or used without further

purification. As such '"H NMR peaks have been reported only for selected examples.

INDOLINES

(2-morpholinophenyl)(phenyl)methanone (196) was synthesized according to general

procedure A using 2-fluorobenzophenone (2.0 mL, 12 mmol), morpholine (1.2 mL, 14
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mmol), K2COs (4.90 g, 35.5 mmol) and CH3CN (2.4 mL). The crude product was purified
by flash column chromatography (10:90, EtOAc:hexanes) affording 196 as a yellow solid
(286 mg, 90%). 'H NMR (400 MHz, CDCls) d 7.75 (dd, J = 8.3, 1.4 Hz, 2H), 7.59 — 7.52
(m, 1H), 7.51 = 7.37 (m, 4H), 7.16 (td, J= 7.5, 1.1 Hz, 1H), 7.07 (dd, J= 8.1, 1.0 Hz, 1H),
3.31 — 3.26 (m, 4H), 3.04 — 2.84 (m, 4H). Proton NMR data of the crude material was

consistent with the reported literature values.”"

%
Ph

10-phenyl-3,4,10,10a-tetrahydro-1H-[1,4]oxazino[4,3-a]indole (146¢) was
synthesized according to general procedure H using hydrazone 145c¢ (23 mg, 0.083
mmol), MnO2 (58 mg, 0.66 mmol), and Rhz2(R-PTAD)4 (1 mg, 0.0006 mmol) in CH2Cl2
(0.01 M). The crude product was purified by flash column chromatography (7:93,
EtOAc:hexanes) affording 68c as a white solid (16 mg, 78%, 100:0 er, 93:7 dr). '"H NMR
(400 MHz, CDCI3) & 7.25 (m, , 3H), 7.18 (id, J=7.7, 1.3 Hz, 1H), 7.07 (m, 3H), 6.74 (id,
J=7.4,1.0Hz, 1H), 6.58 (d, J=7.8 Hz, 1H), 4.43 (d, J= 8.4 Hz, 1H), 3.82 (dd, J= 10.4,
3.4 Hz, 1H), 3.70 (ddd, J = 10.7, 8.3, 3.2 Hz, 1H), 3.62 — 3.38 (m, 3H), 3.18 — 3.02 (m,
2H)."3C NMR (101 MHz, CDCIs) d 151.4, 138.4, 132.1, 128.6, 128.3, 128.2, 126.9, 125.5,
118.7, 106.7, 68.5, 65.7, 65.3, 48.8, 45. AMM (ESI) m/z calcd for C17H1sNO+ [M+H]*

252.13883, found 252.1381. [a]p?® = -0.189 (c = 33.75, CHClz).
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S

phenyl(2-(piperidin-1-yl)phenyl)methanone (197) was synthesized according to
general procedure A using 2-fluorobenzophenone (1.71 mL, 9.90mmol), cyclohexyl
amine (1.13 mL, 11.0 mmol), K2COs (4.17 g, 39.8 mmol) and DMF (10 mL). The crude
product was recrystallized (35:65 H20:CHsOH) affording 197 as an off-white solid (922
mg, 35%). '"H NMR (400 MHz, CDCls) 7.78 — 7.74 (m, 2H), 7.59 — 7.49 (m, 1H), 7.48 —
7.34 (m, 4H), 7.15 — 6.98 (m, 2H), 2.84 (dd, J = 6.0, 4.6 Hz, 4H), 1.27 (id, J = 7.3, 6.4,
4.1 Hz, 2H), 1.21 — 1.06 (m, 4H). Proton NMR data of the crude material was consistent

with the reported literature values.”"

Ph

10-phenyl-6,7,8,9,9a,10-hexahydropyrido[1,2-alindole (146a) was synthesized
according to general procedure G using hydrazone 145a (26 mg, 0.09 mmol), MnO:2 (87
mg, 0.73 mmol), and Rh2(R-PTAD)4 (1 mg, 0.0006 umol) in CHsCN (0.01 M). The crude
product was purified by flash column chromatography (6:94, EtOAc:hexanes) affording
68a as a yellow oil (16 mg, 70%, 96:4 er, >95:5 dr). '"H NMR (600 MHz, Chloroform-d) &
7.26 —7.22 (m, 2H), 7.23 - 7.18 (m, 1H), 7.16 (t, J= 7.7 Hz, 1H), 7.04 (d, J = 7.3 Hz, 3H),
6.69 (t, J = 7.4 Hz, 1H), 6.57 (d, J = 7.9 Hz, 1H), 4.27 (d, J = 8.2 Hz, 1H), 3.68 (d, J 3.6

Hz, 1H), 3.40 (s, 1H), 2.63 (td, J = 12.0, 3.0 Hz, 1H), 1.81 — 1.72 (m, 1H), 1.66 (d, J =
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13.3 Hz, 1H), 1.52 — 1.40 (m, 2H), 1.34 (qt, J = 13.2, 3.8 Hz, 1H), 0.93 (qd, J= 12.5, 3.8
Hz, 1H);3C NMR (101 MHz, CDCls) & 151.8, 141.3, 132.3, 129.0, 128.4, 127.6, 126.8,
124.5,118.1, 106.0, 74.6, 54.6, 45.6, 29.3, 25.0, 24.3. Vmax 2929, 2821, 1485, 748 cm'";
AMM (ESI) m/z calcd for C1sHzoN+ [M+H]* 250.1590, found 250.1585. [a]o® = -0.0325 (c

— 83.8, CHCla).

(2-(azepan-1-yl)phenyl)(phenyl)methanone (198) was synthesized according to
general procedure A using 2-fluorobenzophenone (1.70 mL, 9.90 mmol), cycloheptyl
amine (1.12 mL, 11.4 mmol), K2COs (3.00 g, 24.8 mmol) and DMF (8.00 mL). The crude
product was purified by flash column chromatography (4:96 EtOAc:hexanes) affording
119 as a yellow oil (1.25 g, 44%). "H NMR (400 MHz, CDCls) 6 7.83 (dd, J = 8.3, 1.4 Hz,
2H), 7.61 — 7.47 (m, 1H), 7.46 — 7.39 (m, 2H), 7.36 (ddd, J = 8.7, 7.2, 1.8 Hz, 1H), 7.29
(dd, J=7.6,1.7 Hz, 1H), 7.04 (dd, J=8.4, 0.9 Hz, 1H), 6.84 (td, J=7.4, 1.0 Hz, 1H), 3.70
—2.39 (m, 4H), 1.63 — 1.53 (m, 4H), 1.46 — 1.38 (m, 4H); 3C NMR (101 MHz, CDCls) &
198.0, 151.9, 138.0, 132.5, 131.2, 130.7, 130.0, 128.5, 128.1, 118.0, 117.4, 53.6, 28.5,
27.7; IR (neat): vmax 2923, 2851, 1651, 1592, 704 cm'; AMM (ESI) m/z calcd for

C19H22NO+ [M+H]* 280.1696, found 280.1693.
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Ph

1-phenyl-7,8,9,10,10a,11-hexahydro-6 H-azepino[1,2-ajindole (146d) was synthesized
by general procedure G using hydrazone 145d (25 mg, 0.084 mol), MnO2 (58 mg, 0.67
mmol), and Rhz(R-PTAD)4 (1 mg, 0.0006mmol) in CH2Cl2. The crude product was purified
by flash column chromatography (2:98, EtOAc:hexanes) affording 146d as a yellow oil
(16 mg, 97%, 100:0 er, >95:5 dr). 'TH NMR (600 MHz, CDCls) & 7.27 — 7.24 (m, 2H), 7.23
—-7.17 (m, 1H), 7.14-7.07 (m, 3H), 6.90 (d, J=7.2 Hz, 1H), 6.61 (t, J=7.3 Hz, 1H), 6.47
(d, J=7.9 Hz, 1H), 4.49 (d, J= 9.4 Hz, 1H), 3.93 (td, J= 9.7, 2.3 Hz, 1H), 3.51 —3.41 (m,
1H), 3.22 — 3.10 (m, 1H), 1.95 — 1.84 (m, 1H), 1.84 — 1.73 (m, 1H), 1.74 — 1.65 (m, 1H),
1.66 — 1.59 (m, 1H), 1.50 — 1.41 (m, 1H), 1.43 - 1.34 (m, 1H), 1.35-1.23 (m, 1H), 1.21
—1.08 (m, 1H);'*C NMR (151 MHz, CDCls) & 153.1, 140.9, 132.5, 129.6, 128.0, 127.9,

126.5,124.9,117.1, 106.5, 69.4, 52.2, 48.7, 31.6, 28.2, 26.9, 26.7; vmax 3049, 2921, 1493,
769 cm'; AMM (ESI) m/z calcd for C,gH,,N*t 264.1747, found 264.1744. [a]o® = -0.007

(c = 72.9, CHCla).

CH,

NN

0 N7 CH,

(2-(diethylamino)phenyl)(phenyl)methanone (199) was synthesized according to
general procedure A using 2-fluorobenzophenone (1.70 mL, 9.97 mmol), diethylamine

(1.9 mL, 11 mmol), K2COs (4.46 g, 32.3 mmol) and DMF (10 mL). The crude product was
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purified by flash column chromatography (50:50 toluene:hexanes) affording 199 as a
yellow oil (626 mg, 27%). '"H NMR (400 MHz, CDCls) & 7.74 (dd, J = 8.3, 1.4 Hz, 2H),
7.54 -7.46 (t, J=7.5,4.8, 1H), 7.44 — 7.32 (m, 4H), 7.11 = 6.97 (m, 2H), 2.95 (q, J = 7.1
Hz, 4H), 0.81 (t, J=7.1 Hz, 6H); 13C NMR (101 MHz, CDCls) 5 199.2, 149.8, 137.8, 134.3,
132.5, 130.7, 129.7, 129.7, 127.9, 121.3, 120.5, 46.7, 11.7; IR (neat): vmax 2971, 2930,
1655, 1484, 1314, cm™'; AMM (ESI) m/z calcd for C17H20NO+ [M+H]*254.1539, found
254.1537.

H,C
3 N CHs

Ph

1-ethyl-2-methyl-3-phenylindoline (146f) was synthesized according to general
procedure g using hydrazone 145f (24 mg, 0.90 mmol), MnO2 (63 mg, 0.72 mmol), and
Rh2(R-PTAD)4 (1 mg, 0.0006 mmol) in CH2Cl2. The crude product was purified by flash
column chromatography (4:96, EtOAc:hexanes) affording indoline 146f as a yellow oil (18
mg, 86%, 100:0 er, >95:5 dr). '"H NMR (600 MHz, Chloroform-d) & 7.28 — 7.22 (m, 2H),
7.21-7.16 (m, 1H), 7.13 (t, J= 7.7 Hz, 1H), 7.05 (d, J= 7.5 Hz, 2H), 6.96 (d, J = 7.2 Hz,
1H), 6.63 (t, J= 7.3 Hz, 1H), 6.53 (d, J= 7.9 Hz, 1H), 4.33 (d, J = 8.8 Hz, 1H), 4.08 — 3.84
(m, 1H), 3.49 — 3.32 (m, 1H), 3.20 — 3.04 (m, 1H), 1.11 (td, J= 7.2, 1.1 Hz, 3H), 0.84 (d,
J=6.6, 1.1 Hz, 3H); '3C NMR (151 MHz, CDCIs) & 152.0, 140.5, 133.1, 129.3, 128.0,
127.9, 126.5, 125.2, 117.5, 106.9, 61.5, 51.6, 38.7, 14.5, 10.5.; vmax 3025, 2868, 1483,
2929, 1605 cm™'; AMM (ESI) m/z calcd for C17H20N+ [M+H]* 238.1590, found 238.1586.

[a]o?® = 0.002 (c = 86.02, CHCla).
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H,C. _CH
03N

(2-(dimethylamino)phenyl)(phenyl)methanone (200) was isolated as a byproduct from
general procedure A using 2-fluorobenzophenone (1.70 mL, 9.97 mmol), 4-methyl
cyclohexylamine (1.42 mL, 10.7 mmol), K2CO3 (1.66 g, 12.0 mmol) and DMF (8.0 mL).
The crude product was purified by flash column chromatography (3.5:96.5,
EtOAc:hexanes) affording ketone 120 as a yellow oil (700 mg, 30%). '"H NMR (600 MHz,
CDClI3) 6 7.87 - 7.79 (m, 2H), 7.60 — 7.50 (m, 1H), 7.48 — 7.36 (m, 3H), 7.32 (s, 1H), 7.03
—6.98 (m, 1H), 6.94 — 6.86 (m, 1H), 2.70 (s, 6H). Proton NMR data of the crude material

was consistent with the reported literature values.”"

H,N_ H;C.  _CH
2N~ 8%~y 3

(E)-2-(hydrazineylidene(phenyl)methyl)-N, N-dimethylaniline (145e) was synthesized
according to general procedure D using ketone 200 (188 mg, 0.834 mmol), hydrazine
(0.262 mL, 8.58 mmol), acetic acid (0.091 mL, 1.55 mmol), and anhydrous ethanol (2.8
mL). The crude product was purified by flash column chromatography (66:34,
EtOAc:hexanes) affording hydrazone 145e as a white solid (269 mg, 85%). '"H NMR (600
MHz, CDCls) & 7.58 — 7.52 (m, 2H), 7.34 (ddd, J = 8.3, 7.2, 1.7 Hz, 1H), 7.32 — 7.25 (m,

3H), 7.06 — 7.00 (m, 2H), 6.98 — 6.91 (m, 1H), 5.85 (s, 2H), 2.75 (s, 6H).
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CH;

Ph

1-methyl-3-phenylindoline (146e) was synthesized by general procedure G using
hydrazone 145e (25 mg, 0.11 mol), MnO2 (75 mg, 0.86 mmol), and Rhz(R-PTAD)4 (1 mg,
0.0006 mmol) in CH2Cl2 (4.0 mL) over 4 hours. The crude product was purified by flash
column chromatography (5:95, EtOAc:hexanes) affording indoline 146e as a brown oil
(18 mg, 99%, 82:18 er). 'TH NMR (600 MHz, Chloroform-d) & 7.36 — 7.27 (m, 4H), 7.28 —
7.21 (m, 1H), 7.18 = 7.12 (m, 1H), 6.93 — 6.87 (m, 1H), 6.74 — 6.66 (m, 1H), 6.59 (d, J =
7.9 Hz, 1H), 4.41 (t, J = 8.8 Hz, 1H), 3.74 (td, J = 8.8, 0.7 Hz, 1H), 3.22 (td, J = 8.8, 0.8
Hz, 1H), 2.81 (d, J = 0.8 Hz, 3H); 13C NMR (151 MHz, CDCls) & 153.4, 143.1, 133.2,
128.5, 128.2,127.86, 126.7, 124.6, 118.2, 107.5, 65.1, 47.4, 36.2; vmax 2805, 1724, 1606,
1490, 747 cm'; AMM (ESI) m/z calcd for C1sH1sN+ [M+H]* 210.1283, found 210.1271.

[a]o?® = -0.136(c = 88.3, CHCla).

TS\N/\
k/'\LBoc

tert-butyl 4-tosylpiperazine-1-carboxylate (201). To a solution of N-boc-piperazine
(3.0g, 16 mmol) in dry CH2Cl2 (80 mL) was added triethylamine (6.6 g, 55 mmol) followed
by tosyl chloride (2.2 g, 35 mmol). The mixture was cooled to room temperature then
diluted in CH2Cl2 (50 mL). The reaction mixture was washed with 1 M HCI (3 x 25 mL)
and brine (50 mL), dried over Na2SOu, filtered, and concentrated in vacuo. The solid was

purified by flash chromatography (20:80 EtOAc/hexanes) to yield the product as white
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solid (0.790 g, 14%). 'H NMR (600 MHz, CDCls) & 7.61 (d, J = 8.3 Hz, 2H), 7.32 (d, J =
7.9 Hz, 2H), 3.52 — 3.45 (m, 4H), 2.96 — 2.89 (m, 4H), 2.42 (s, 3H), 1.39 (s, 9H). Proton

NMR data was consistent with the reported literature values.”?

phenyl(2-(4-tosylpiperazin-1-yl)phenyl)methanone (202). Piperazine (201) (822 mg,
2.31 mmol) was stirred with 4 M HCI in dioxane (10.0 mL, 40 mmol) for 12 hours and the
crude product was isolated by concentration in vacuo. The crude deprotected material
was used to synthesize ketone 202 according to general procedure A using 2-
fluorobenzophenone (0.26 mL, 2.3 mmol), crude deprotected piperazine 201 (650 mg,
2.7 mmol), K2CO3 (1.10 g, 30 mmol) and CH3CN (10 mL). The crude product was purified
by flash column chromatography (30:70 EtOAc:hexanes) affording the desired ketone as
a yellow crystalline solid (139 mg, 14% over two steps). 'H NMR (600 MHz, CDCls) & 7.55
(d, J=7.2 Hz, 2H), 7.52 — 7.38 (m, 4H), 7.33 (d, J = 7.9 Hz, 2H), 7.22 — 7.08 (m, 4H),
7.04 (d, J=8.1 Hz, 1H), 2.94 (t, J= 4.9 Hz, 4H), 2.52 (s, 7H); '3C NMR (151 MHz, CDCls)
o 198.3, 150.4, 143.5, 137.5, 133.6, 132.2, 132.0, 131.9, 130.2, 129.5, 129.3, 127.8,
127.6,123.4,119.3, 51.3, 45.6, 21.6; IR (neat): 2955, 2916, 1648, 1449, 1165, cm™'; AMM
(ESI) m/z caled for C17H20NO+ [M+H]* 421.1586, found 421.1576; m.p. 171.1-172.9 °C.
7\

TsN N :

Ph
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10-phenyl-2-tosyl-1,2,3,4,10,10a-hexahydropyrazino[1,2-alindole (146b) was
synthesized by general procedure G using hydrazone 145b (2 mg, 0.05 mmol), MnO2 (32
mg, 0.37 mmol), and Rh2(R-PTAD)4 (1 mg, 0.0006 mmol) in CH2Cl2. The crude product
was purified by flash column chromatography (60:40, CH2Cl2:hexanes) affording indoline
68b as a white solid (13.1. mg, 68%, 100:0 er, >95:5 dr). '"H NMR (600 MHz, CDCls) &
7.45 (d, J = 8.3 Hz, 2H), 7.26 — 7.19 (m, 5H), 7.16-7.12 (m, 1H), 7.06 — 6.97 (m, 3H),
6.75-6.71 (m,1H), 6.52 (d, J=7.8 Hz, 1H), 4.47 (d, J = 8.4 Hz, 1H), 3.75 — 3.66 (m, 2H),
3.63-3.59 (m, 1H), 3.43-3.39 (m, 1H), 3.07-3.01 (m, 1H), 2.38 (s, 3H), 2.37-2.31 (m, 1H),
1.87 (t, J=11.2 Hz, 1H); '3C NMR (151 MHz, CDCIs) 6 150.5, 143.6, 137.8, 133.0, 131.9,
129.6,128.7,128.4, 128.2,127.4,127.1,125.6, 119.1, 107.0, 65.4, 49.3, 47.4, 44 .4, 440,
21.5; ; vmax 2920, 1450, 1482, 1166 cm™'; AMM (ESI) m/z calcd for C24H2sN202S+ [M+H]*

405.1631, found 405.1627. [a]o?® = 0.076 (c = 42, CHCls); m.p. 180.9-182.1 °C.

O "NH
(2-(benzylamino)phenyl)(phenyl)methanone (203) To a flame-dried round-bottom
flask under Ar was added dry CH2Cl2 (35.5 mL, 0.1M) followed by 2-aminobenzophenone
(700 mg, 3.54 mmol), benzaldehyde (0.43 mL, 4.3 mmol) and two drops of acetic acid.
The mixture stirred at room temperature for 15 min. To the flask was added Na(AcO)sBH
(1.5 g, 7.1 mmol) by quickly removing and replacing the rubber septa. The reaction was

stirred for 5 min at which point full conversion was observed by TLC. The reaction was

concentrated by rotary evaporation and isolated by silica column chromatography (8:92
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EtOAc:hexanes)to yield 123 as a yellow oil (785 mg, 77%). '"H NMR (600 MHz, CDCls)
9.04 (t, J = 5.5 Hz, 1H), 7.67 — 7.62 (m, 2H), 7.56 — 7.51 (m, 2H), 7.50 — 7.44 (m, 2H),
7.42 (d, J=7.4 Hz, 2H), 7.39 — 7.32 (m, 3H), 7.29 (t, J = 7.3 Hz, 1H), 6.76 (d, J = 8.5 Hz,
1H), 6.57 (t, J= 7.5 Hz, 1H), 4.53 (d, J = 5.6 Hz, 2H).Proton NMR data was consistent

with reported literature values.”®

H
Ph

N
PhIQ

(2S,3R)-2,3-diphenylindoline (146g) was synthesized by general procedure H using
hydrazone 145g (25 mg, 0.083 mmol), MnO2 (32 mg, 0.66 mmol), and Rhz(R-PTAD)4 (1
mg, 0.0006 mmol) in CH3CN. The crude product was purified by flash column
chromatography (4:95.5:0.5, EtOAcz2:hexanes:EtsN) affording indoline 146g as a yellow
amorphous solid (21.6. mg, 97%, >99.05:0.5 er, >95:5 dr). '"H NMR (600 MHz,
Chloroform-d) & 7.17 (t, J = 7.6 Hz, 1H), 7.07 — 6.95 (m, 9H), 6.84 (d, J = 7.8 Hz, 1H),
6.78 (t, J= 7.4 Hz, 1H), 6.75 — 6.69 (m, 2H), 5.24 (d, J= 9.1 Hz, 1H), 4.73 (d, J = 9.0 Hz,
1H).; °C NMR (151 MHz, CDCIs) & 151.7, 140.0, 139.3, 131.2, 129.3, 128.1, 127.6,
127.5, 127.2, 126.9, 126.2, 125.8, 119.3, 109.1, 68.9, 54.1; AMM (ESI) m/z calcd for

CzoH1sN* [M+H]* 272.1434, found 272.1431. [a]o? = -0.039 (¢ = 15.3, CHCla).
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(2-(benzyl(methyl)amino)phenyl)(phenyl)methanone (204) was  synthesized
according to general procedure A using 2-fluorobenzophenone (0.35 mL, 2.0 mmol), N-
benzylmethylamine (260 mg, 1.74 mmol), K2CO3s (829 mg, 5.99 mmol) and CHsCN (10
mL). The crude product was purified by flash column chromatography (5:95
EtOAc:hexanes) affording 124 as a yellow oil (368.1 mg, 72%). '"H NMR (400 MHz, CDCls)
57.84 (d, J=7.7 Hz, 2H), 7.68 — 7.55 (m, 1H), 7.47 (t, J = 7.8 Hz, 3H), 7.44 — 7.36 (m,
1H), 7.25 — 7.16 (m, 3H), 7.12 (d, J = 8.2 Hz, 1H), 7.06 (t, J = 7.4 Hz, 1H), 7.00 — 6.84
(m, 2H), 4.16 (s, 2H), 2.58 (s, 3H); 3C NMR (151 MHz, CDCls) & 198.6, 151.5, 137.9,
137.8, 132.7, 131.5, 131.3, 130.1, 129.8, 128.3, 128.2, 127.8, 126.9, 120.6, 118.6, 59.9,
41.1 AMM (ESI) m/z calcd for C17H20NO* [M+H]*302.1539, found 302.1540.

ety
Ph

N
PhIG

1-methyl-2,3-diphenylindoline (155a) was synthesized by general procedure G using
hydrazone 153a (25 mg, 0.08 mmol), MnO2 (55 mg, 0.63 mmol), and Rh2(OAc)4 (1 mg,
0.002 mmol) in CH2Cl2. The crude product was purified by flash column chromatography
(20:80 CH2Cl2:hexanes) affording indoline 155a as a white amorphous solid (17 mg, 76%,
>95:5 dr). 'TH NMR (600 MHz, Acetone-ds) & 7.21 (td, J=7.7, 1.3 Hz, 1H), 7.10 — 7.01
(m, 5H), 7.01 — 6.91 (m, 4H), 6.78 (d, J = 7.9 Hz, 1H), 6.74 (id, J= 7.4, 1.0 Hz, 1H), 6.71

— 6.64 (m, 2H), 4.73 (d, J = 8.9 Hz, 1H), 4.63 (d, J = 8.9 Hz, 1H), 2.65 (s, 3H); 13C NMR
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(151 MHz, CDCl3) & 154.0, 140.0, 137.7, 132.2, 129.3, 128.3, 128.1, 127.6, 127.4, 126.9,
126.0, 125.4, 118.9, 107.9, 76.6, 53.4, 34.4; IR 3035, 2799, 1599, 1481, 700; AMM (ESI)
m/z calcd for C21H20N+[M+H]* 286.1590, found 286.1586.
1-methyl-2,3-diphenylindoline (155a) was synthesized by general procedure G using
hydrazone 153a (25 mg, 0.079 mmol), MnOz2 (55 mg, 0.63 mmol), and Rhz2(Mes)4 (1 mg,
0.00094 mmol) in CH2Clo. The crude product was purified by flash column
chromatography (20:80 CHsCl2/Hexanes) affording indoline 155a as a white amorphous
solid (12.5 mg, 56% >95:5dr). Proton NMR data was consistent with characterization
described above.

1-methyl-2,3-diphenylindoline (155a) was synthesized by general procedure G using
hydrazone 153a (25 mg, 0.079 mmol), MnO2 (55 mg, 0.63 mmol), and Rh2(R-PTAD)4 (1
mg, 0.00079 mmol) in CH2Cl2. The crude product was purified by flash column
chromatography (20:80 CHsClz/Hexanes) affording indoline 155a as a white amorphous
solid (8.9 mg, 39% >95:5 dr). Proton NMR data was consistent with characterization

described above.

Ph

I

Ph

1-benzyl-3-phenylindoline (154a) was synthesized by general procedure G using
hydrazone 153a (25 mg, 0.079 mmol), MnO2 (55 mg, 0.63 mmol), and Rh2(OAc)4 (1 mg,

0.002 mmol) in CH2Cl2. The crude product was purified by flash column chromatography

(20:80 CH2Cl2:hexanes) affording indoline 154a as a yellow oil (1 mg, 4%). '"H NMR (400
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MHz, Chloroform-d) 6 7.45 -7.27 (m, 10H), 7.14 (t, J=7.5, 1.0 Hz, 1H), 6.92 (d, J= 7.4,
1.3 Hz, 1H), 6.71 (d, J = 7.4, 1.0 Hz, 1H), 6.64 (d, J = 7.9 Hz, 1H), 4.51 — 4.39 (m, 2H),
4.21 (d, J=14.7 Hz, 1H), 3.76 (t, J= 9.1 Hz, 1H), 3.26 (1, J= 8.9 Hz, 1H); '3C NMR (151
MHz, CDCls) & 152.5, 143.4, 138.2, 133.1, 128.51, 128.50, 128.2, 128.0, 127.8, 127.2,
126.7, 124.9, 118.1, 107.4, 62.6, 53.6, 47.3; IR 3033, 2819, 1598, 1234, 738: Vmax: 1598

cm?; AMM (ESI) m/z calcd for Ca1H2oN*[M+H]* 286.1590, found 286.1586.

1-benzyl-3-phenylindoline (154a) was synthesized by general procedure G using
hydrazone 153a (25 mg, 0.079 mmol), MnO2 (40 mg, 0.48 mmol), and Rh2(Mes)4 (1 mg ,
0.0009 mmol) in CH2Cl2. The crude product was purified by flash column chromatography
affording indoline 154a as a yellow oil (4 mg, 19 %). Proton NMR data was consistent with

characterization described above.

1-benzyl-3-phenylindoline (154a) (9 mg, 39%) was synthesized by general procedure
G using hydrazone 153a (25 mg, 0.079 mmol), MnO2 (55 mg, 0.63 mmol), and Rhz(R-
PTAD)4 (1 mg, 0.0008 mmol) in CH2Cl2. The crude product was purified by flash column
chromatography affording indoline 154a as a yellow oil. Proton NMR data was consistent

with characterization described above.

6|3C\N/\/CH3

(2-(isobutyl(methyl)amino)phenyl)(phenyl)methanone (205) was synthesized
according to general procedure A using 2-fluorobenzophenone (1.20 mL, 7.01 mmol), N-

methylisobutylamine (1.00 mL, 8.37 mmol), K2CO3 (2.30g, 16.6 mmol) and DMF (8.00
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mL). The crude product was purified by flash column chromatography (10:90,
DCM:hexanes) affording ketone 205 as a yellow oil (828 mg, 44%). '"H NMR (600 MHz,
CDCls) 3 7.82—-7.73 (m, 2H), 7.54 — 7.48 (m, 1H), 7.46 — 7.34 (m, 3H), 7.29 (dd, J=7.5,
1.7 Hz, 1H), 7.04 (d, J = 8.3 Hz, 1H), 6.92 (td, J= 7.4, 0.9 Hz, 1H), 2.73 (d, J = 7.3 Hz,
2H), 2.64 (s, 3H), 1.87 — 1.71 (m, 1H), 0.66 (d, J = 6.6 Hz, 6H); '3C NMR (151 MHz,
CDCIs) 6 198.6, 152.0, 138.0, 132.6, 131.1, 130.7, 130.2, 129.8, 128.1, 119.4, 118.0,

63.1, 41.9, 26.7, 20.2.; IR 2954, 1655, 1594, 1448, 698: V;,x1594 cm™'; AMM (ESI) m/z

calcd for C,gH,,NO* 268.1696, found 268.1696.

CH,
H4C

o

1-isobutyl-3-phenylindoline (154b) was synthesized by general procedure G using
hydrazone 153b (15 mg, 0.055 mmol), MnO:2 (38 mg, 0.44 mmol), and Rhz2(Mes)4+ (1 mg
, 0.0009 mmol) in CH2Cl.. The crude product was purified by flash column
chromatography (20:80 CH2Cl2:hexanes) affording indoline 154b as a yellow oil (10 mg,
80 %). '"H NMR (400 MHz, CDCls) & 7.34 — 7.15 (m, 5H), 7.14 — 7.05 (m, 1H), 6.85 (dt, J
=7.3,1.3 Hz, 1H), 6.61 (td, J=7.4, 1.0 Hz, 1H), 6.53 (d, J=7.8 Hz, 1H), 4.41 (t, J=8.9
Hz, 1H), 3.81 (t, J=9.2 Hz, 1H), 3.28 (t, J= 8.7 Hz, 1H), 2.95 (dd, J=13.2, 7.6 Hz, 1H),
2.82(dd, J=13.0, 7.1 Hz, 1H), 1.97 —1.90 (m, 1H), 0.98 (t, J = 6.6 Hz, 6H). Regioisomers
of this compound proved difficult to isolate by a myriad of chromatography techniques.

As such we have included a proton NMR of a mixture of 95:5, 6b:7b.
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Pl

(o) OEt

Diethyl 2-benzoylphenylmethylphosphonate (206).Following a modified literature
procedure, 74 to a solution of 2-methylbenzophenone (2.0 mL, 11 mmol) and N-
bromosuccinimide (2.2 g, 12 mmol) in CCls (100 mL) under argon was added 2,2'-
azobis(2-methylpropionitrile) (AIBN, 0.091 g, 0.55 mmol). The reaction mixture was
stirred at reflux for 3 h and then more AIBN (0.091 g, 0.55 mmol) was added. The reaction
mixture was refluxed for another 2 h and then allowed to cool to room temperature. The
solution was added to H20 (200 mL), extracted with CH2Cl2 (2 x 50 mL), dried over
Na2S0q, filtered, and concentrated in vacuo to afford the desired crude bromo-compound
as a red oil. The crude material was dissolved in triethyl phosphite (4.2 mL, 24 mmol) and
the reaction mixture was stirred at reflux for 18 h and then allowed to cool to room
temperature. The solution was added to H20 (20 mL), extracted with CH2Cl2 (2 x 20 mL),
dried over Na2SOs, filtered, concentrated in vacuo, and purified by flash column
chromatography (60:40, EtOAc:hexanes) to afford the desired phosphonate ester 126 as
a yellow oil (1.05 g, 29%). '"H NMR (600 MHz, CDClz) & 7.83 (dd, J = 8.3, 1.4 Hz, 2H),
7.58 (it, J = 7.4, 1.2 Hz, 1H), 7.52-7.49 (m, 1H), 7.48-7.44 (m, 3H), 7.35 (d, J = 7.5 Hz,
1H), 7.33-7.28 (m, 1H), 3.98-3.84 (m, 4H), 3.53 (d, 'k-p = 22.3 Hz, 2H), 1.10 (t, J = 7.1

Hz, 6H). '"H NMR is consistent with published data.”
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(o) /I

2-(Cyclohexylidenemethyl)benzophenone (207).Following a literature procedure,’®t o
a solution of phosphonate 206 (0.522 g, 1.57 mmol) and cyclohexanone (0.16 mL, 1.6
mmol) in anhydrous THF (6.0 mL) was added NaH (60% in mineral oil, 0.075 g, 1.9 mmol)
at 0 °C. The reaction mixture was allowed to warm to room temperature and stirred for 18
h. The reaction mixture was quenched with H20 (20 mL), extracted with CH2Cl2 (2 x 20
mL), dried over Na2SOs, filtered, concentrated in vacuo, and purified by flash column
chromatography (5:95, EtOAc:hexanes) to afford the desired benzophenone 127 as a
clear oil (0.310 g, 72%). '"H NMR (600 MHz, CDClIs) 6 7.73 (d, J= 7.3 Hz, 2H), 7.53 (t, J
= 7.4 Hz, 1H), 7.45-7.37 (m, 4H), 7.30 (t, J = 7.5 Hz, 1H), 7.23 (d, J = 7.6 Hz, 1H), 6.04
(s, 1H), 2.13 (t, J=6.1 Hz, 2H), 1.97 (t, J= 6.1 Hz, 2H), 1.50-1.34 (m, 6H); '*C NMR (151
MHz, CDCls) & 198.9, 144.6, 139.2, 138.1, 137.2, 132.9, 130.3, 130.0, 129.9, 128.3,
128.2, 126.1, 120.5, 37.1, 29.7, 28.3, 27.5, 26.6.; AMM (ESI) m/z calcd for C2oH210*

[M+H]*277.1587 found 277.1597; IR (neat): 1666, 2854, 2925, 1599 cm-".
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(2-Cyclohexylmethyl)benzophenone hydrazone (177a) was synthesized according to
general procedure E, benzophenone 207(0.329 g, 1.19 mmol), N2H4 (0.60 mL, 18 mmol),
AcOH (0.080 mL, 1.4 mmol) and anhydrous EtOH (18.0 mL) were used. The crude
reaction mixture was taken into general procedure F, 10% palladium on carbon (0.064 g,
0.060 mmol) and CHsOH (4.0 mL) were used. Following purification by flash column
chromatography on neutral alumina (97:3, hexanes:EtOAc), hydrazone 177a was
obtained as a yellow oil (0.164 g, 47%). "H NMR (600 MHz, CDCls) & 7.47 — 7.43 (m, 2H),
7.40 — 7.30 (m, 3H), 7.30 — 7.23 (m, 3H), 7.13 (d, J = 7.2 Hz, 1H), 5.33 (s, 2H), 2.35 —
2.27 (m, 2H), 1.63 — 1.58 (m, 1H), 1.57 — 1.52 (m, 3H), 1.52 — 1.47 (m, 1H), 1.47 — 1.40
(m, 1H), 1.10 — 0.97 (m, 3H), 0.82 (qd, J = 12.1, 3.6 Hz, 1H), 0.73 (qd, J = 12.1, 3.2 Hz,
1H); 3C NMR (151 MHz, CDCls) 8 149.2, 140.3, 138.3, 132.6, 130.7, 129.0, 128.8, 128.1,
128.0, 126.7, 126.0, 41.1, 38.1, 33.3, 33.3, 26.4, 26.2, 26.2; AMM (ESI) m/z calcd for

CooH2sN2* [M+H]* 293.2012 found 293.2012.

1-Phenylspiro(cyclohexane-1,2'-indane) (178a) was synthesized by general procedure
H using hydrazone 177a (42 mg, 0.14 mmol), MnO2 (100 mg, 1.14 mmol), and Rhz(R-
PTAD)4 (2 mg, 0.001 mmol) in CH2Cl2 (9 mL). The crude product was purified by flash
column chromatography (4:96, EtOAc:hexanes) affording indane 178a as a white solid
(34 mg, 89%, 99:1 er). 'H NMR (600 MHz, CDCls) & 7.30 — 7.20 (m, 4H), 7.18 (t, J= 7.4

Hz, 1H), 7.12 (t, J = 7.4 Hz, 1H), 7.05 (d, J = 6.9 Hz, 2H), 7.02 (d, J = 7.5 Hz, 1H), 4.01

124



(s, 1H), 38.04 (d, J = 15.7 Hz, 1H), 2.79 (d, J = 15.6 Hz, 1H), 1.69 (d, J = 11.8 Hz, 1H),
1.66 — 1.59 (m, 1H), 1.59 — 1.53 (m, 1H), 1.53 — 1.48 (m, 1H), 1.48 — 1.40 (m, 2H), 1.38
—1.29 (m, 1H), 1.14 (d, J= 13.5 Hz, 1H), 1.11 = 1.02 (m, 1H), 0.79 (td, J= 12.7, 4.0 Hz,
1H); 3C NMR (151 MHz, CDCl3) 8 146.0, 143.3, 141.0, 123.0, 127.9, 126.6, 126.4, 126.4,
125.6, 124.9, 63.3, 48.8, 42.0, 38.0, 32.6, 26.2, 23.9, 23.1; IR (neat) 3024, 2927, 1451,
720 cm™'; AMM (ESI) m/z calcd for C2oH2sN* [M+NH4]+* 280.2060 found 280.2074; m.p.

94 °C; [a]p?* = 31.8(c = 0.30, CHCls).

2-lodobenzophenone (208). A solution of 2-aminobenzophenone (6.00 g, 30.4 mmol)
and concentrated H2SO4 (35.8 mL, 645 mmol) in H20 (17.9 mL) was stirred vigorously at
room temperature for 45 minutes. The solution was cooled to 0 °C and a solution of
NaNO:2 (2.73 g, 39.6 mmol) in H20 (6.10 mL) was added dropwise. The solution was
stirred at 0 °C for 2.5 h at which time a solution of Kl (25.2 g, 152 mmol) in H20 (28.7 mL)
was slowly added. The reaction mixture was allowed to warm to room temperature and
stirred for 27 h. EtOAc (80 mL) was added and the organic layer was washed with brine
(50 mL), saturated Na=S203 (2 x 50 mL), and then H20 (50 mL). The organic layer was
dried over Na2SOs, filtered, concentrated in vacuo, and purified by flash column
chromatography (95:5, hexanes:EtOAc) to afford the desired benzophenone 128 as a
yellow oil (6.49 g, 69%). '"H NMR (400 MHz, CDCls) & 7.95 (dd, J=8.0, 1.1 Hz, 1H), 7.87
—7.81 (m, 2H), 7.64 (it, J = 7.4, 1.2 Hz, 1H), 7.53 — 7.44 (m, 3H), 7.33 (dd, J= 7.6, 1.7

Hz, 1H), 7.21 (id, J=7.7, 1.7 Hz, 1H). 'TH NMR is consistent with published data.””
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CH,

0 CHs

(2-Methylpropyl)benzophenone (209). Following a modified literature procedure,’® a
solution of 208 (0.250 g, 0.811 mmol), isobutylboronic acid (0.165 g, 1.57 mmol), K2CO3
(0.335 g, 2.42 mmol) and Ag=0 (0.470 g, 2.03 mmol) in anhydrous toluene (2.5 mL) was
heated at 120 °C for 18 h and then allowed to cool to room temperature. The reaction
mixture was filtered through Celite with diethyl ether (25 mL), concentrated in vacuo, and
purified by flash column chromatography (4:96, EtOAc:hexanes) to afford the desired
benzophenone 209 as a clear oil (0.088 g, 46%). '"H NMR (400 MHz, CDCls) & 7.82 —
7.76 (m, 2H), 7.58 — 7.52 (m, 1H), 7.46 — 7.36 (m, 3H), 7.30 — 7.20 (m, 3H), 2.57 (d, J =
7.3 Hz, 2H), 1.87 = 1.72 (m, 1H), 0.80 (d, J = 6.6 Hz, 6H); 13C NMR (101 MHz, CDCls) &
198.8, 140.7, 138.9, 138.0, 133.2, 131.0, 130.2, 123.0, 128.6, 128.5, 125.2, 42.4, 30.3,
22.5; AMM (ESI) m/z calcd for C17H190* [M+H]* 239.1430 found 239.1431; IR (neat):

1666, 1599, 2925, 2869, 2955 cm-.

(2-Methylpropyl)benzophenone hydrazone (177b) was synthesized according to
general procedure E, benzophenone 209 (0.400 g, 1.68 mmol), N2H4 (1.6 mL, 50 mmol),

AcOH (0.17 mL, 3.0 mmol) and anhydrous EtOH (28.0 mL) were used. Following
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purification by flash column chromatography (10:90, EtOAc:hexanes), hydrazone 177b
was obtained as a light-yellow solid (0.279 g, 66%). 'H NMR (400 MHz, CDCls) & 7.49 —
7.42 (m, 2H), 7.41 — 7.30 (m, 3H), 7.30 — 7.24 (m, 3H), 7.13 (d, J = 7.4 Hz, 1H), 5.33 (br
s, 2H), 2.30 (dd, J = 7.4, 1.8 Hz, 2H), 1.84 — 1.74 (m, 1H), 0.81 (d, J = 6.6 Hz, 3H), 0.74
(d, J = 6.6 Hz, 3H); 13C NMR (101 MHz, CDCls) & 149.1, 140.7, 138.3, 132.5, 130.6,
129.0, 128.9, 128.1, 128.0, 126.8, 126.0, 42.5, 28.7, 22.7, 22.6; AMM (ESI) m/z calcd for

Ci7H21N2* [M+H]* 253.1699 found 253.1699.

2,2-Dimethyl-1-phenylindane (178b) was synthesized according to general procedure |
using hydrazone 177b (37 mg, 0.15 mmol), MnO2 (102 mg, 1.17 mmol), and Rhz(R-
PTAD)4 (2 mg, 0.001 mmol) in CH2Cl2 (9.0 mL). The crude product was purified by flash
column chromatography (4:96, EtOAc:hexanes) affording indane 178b as a white solid
(24 mg, 73%, 92:8 er). '"H NMR (600 MHz, CDCls) & 7.30 (t, J = 7.4 Hz, 2H), 7.26-7.22
(m, 2H), 7.19 (t, J= 7.3 Hz, 1H), 7.15 (t, J= 7.3 Hz, 1H), 7.10 (d, J = 7.1 Hz, 2H), 7.05 (d,
J=7.4Hz, 1H), 4.04 (s, 1H), 2.85 (d, J = 15.3 Hz, 1 H), 2.80 (d, J = 15.3 Hz, 1 H), 1.24
(s, 3H), 0.66 (s, 3H): 3C NMR (101 MHz, CDCls) & 145.9, 143.6, 140.7, 129.7, 128.0,
126.7, 126.5, 126.3, 125.6, 124.8, 62.3, 47.4, 45.5, 28.6, 24.5; AMM (ESI) m/z calcd for

C17H22N*[M+NHa]* 240.1747 found 240.1757; m.p. 64 °C; [a]o?* = 80.8(c = 0.70, CHCls).
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(E)-N'-(2-hydroxybenzylidene)benzohydrazide (210). To a solution of benzhydrazide
(2.70 g, 19.8 mmol) in ethanol (10.0 mL) was added salicylaldehyde (2.10 mL, 19.8mmol)
in ethanol (20.0 mL). The reaction mixture was stirred at room temperature for 12 hours
before it was filtered and washed with additional ethanol and concentrated to afford
hydrazone 210 as a white solid (3.54 g, 84%). '"H NMR (400 MHz, DMSO-ds) & 12.11 (s,
1H), 11.29 (s, 1H), 8.65 (s, 1H), 7.94 (d, J = 7.9, 2H), 7.64-7.53 (m, 4H), 7.31 (t, J= 7.9
Hz, 1H), 6.93 (t, J = 8.1 Hz, 2H). Proton NMR data of the crude material was consistent

with the reported literature values.”®

(o)

2-Benzoylbenzaldehyde (211). Following a literature procedure,® lead (V) acetate
(1.86 g, 4.20 mmol) was added slowly to a solution of 210 (1.00 g, 4.21 mmol) in THF
(25.0 mL) in a flame-dried flask. Upon addition of lead (IV) acetate the mixture bubbled

and turned yellow. After stirring for two hours the reaction was concentrated in vacuo and
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purified by flash column chromatography (5:95 to 20:80, EtOAc:hexanes) to afford 211
as an off-white solid (0.749 g, 85%). 'H NMR (600 MHz, CDCls) 6 10.03 (s, 1H), 8.06 —
8.01 (m, 1H), 7.80 (dd, J = 8.2, 1.4 Hz, 2H), 7.73 — 7.66 (m, 2H), 7.63 — 7.58 (m, 1H),

7.58 —7.49 (m, 1H), 7.49 — 7.45 (m, 2H). '"H NMR is consistent with published data. &'

A
J

2-(Cycloheptylidenemethyl)benzophenone (212) Following a literature procedure,®? to
a solution of cyclopentyl triphenylphosphonium bromide (0.616 g, 1.49 mmol) in THF
(2.25 mL) was added 1 M KO#Bu in THF (1.60 mL, 1.60 mmol). The reaction mixture was
stirred for 1 h at room temperature and then a solution of benzaldehyde 211 (0.300 g,
1.42mmol) in THF (2.3 mL) was added. The reaction mixture was stirred at room
temperature for an additional 2 h, concentrated in vacuo, and flushed through a plug of
silica (5:95, EtOAc:hexanes) to afford the desired benzophenone 212 as a light-yellow oil
(0.328 g, 88%). '"H NMR (600 MHz, CDCl3) 6 7.76 (d, J=7.6 Hz, 2H), 7.54 (t, J= 7.4 Hz,
1H), 7.49 — 7.43 (m, 2H), 7.43 — 7.39 (m, 2H), 7.35 (d, J = 7.5 Hz, 1H), 7.27 — 7.23 (m,
1H), 6.27 — 6.24 (m, 1H), 2.40 (t, J = 7.2 Hz, 2H), 2.23 (t, J= 7.2 Hz, 2H), 1.67 (p, J=7.0
Hz, 2H), 1.56 (p, J = 7.0 Hz, 2H); '3C NMR (151 MHz, CDCls) & 198.9, 149.0, 138.2,
137.9, 137.7, 133.0, 130.1, 129.9, 128.6, 128.3, 128.2, 125.4, 118.5, 35.1, 31.1, 26.8,

25.4; AMM (ESI) m/z calcd for C19H190* [M+H]* 263.1430 found 263.1428; IR (neat): Vmax
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2951, 2869, 1599, 1663 cm-'.

(2-Cyclopentylmethyl)benzophenone hydrazone (177c) was synthesized according to
general procedure E, benzophenone 212 (0.325 g, 1.24 mmol), N2H4 (1.0 mL, 32 mmol),
AcOH (0.14 mL, 2.4 mmol) and anhydrous EtOH (21 mL) were used. The crude reaction
material was taken into general procedure F, 10% palladium on carbon (0.067 g, 0.063
mmol) and CHsOH (4.2 mL) were used. Following purification by flash column
chromatography on neutral alumina (5:95, EtOAc:hexanes), hydrazone 177c¢ was
obtained as a yellow solid (0.257 g, 75%). '"H NMR (600 MHz, CDCl3) 6 7.47 — 7.44 (m,
2H), 7.42 — 7.36 (m, 2H), 7.33 (it, J = 7.1, 1.9 Hz, 1H), 7.30 — 7.23 (m, 3H), 7.12 (d, J =
7.4 Hz, 1H), 5.33 (s, 2H), 2.49 — 2.40 (m, 2H), 2.08 — 1.99 (m, 1H), 1.68 — 1.60 (m, 1H),
1.59 — 1.46 (m, 3H), 1.46 — 1.35 (m, 2H), 1.12 — 1.04 (m, 1H), 1.04 — 0.96 (m, 1H); 13C
NMR (151 MHz, CDCIs) d 149.2, 141.3, 138.3, 132.3, 130.2, 128.9, 128.9, 128.1, 128.0,
126.7, 126.0, 40.3, 39.0, 32.7, 32.6, 24.8, 24.8; AMM (ESI) m/z calcd for CigH23N2*

[M+H]* 279.1856 found 279.1857.

1-Phenylspiro(cyclopentane-1,2'-indane) (178c) was synthesized according to general
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procedure | using hydrazone 177c¢ (51 mg, 0.18 mmol), MnO2 (126 mg, 1.48 mmol), and
Rh2(R-PTAD)4 (2 mg, 0.001 mmol) in CH2Cl2 (9.0 mL). The crude product was purified by
flash column chromatography (4:96, EtOAc:hexanes) affording indane 178c as a clear oll
(39 mg, 86 %, 93:7 er). '"H NMR (600 MHz, CDCl3) 6 7.29 — 7.23 (m, 3H), 7.23 — 7.16 (m,
2H), 7.13 (t, J = 7.4 Hz, 1H), 7.07 — 7.00 (m, 3H), 4.16 (s, 1H), 2.99 (d, J = 15.4 Hz, 1H),
2.78 (d, J= 15.5 Hz, 1H), 1.74 — 1.61 (m, 4H), 1.62 — 1.54 (m, 1H), 1.52 — 1.44 (m, 1H),
1.23 = 1.16 (m, 1H), 1.15 — 1.08 (m, 1H); '3C NMR (151 MHz, CDCls) d 146.8, 143.6,
142.1,129.5, 128.1, 126.7, 126.4, 126.4, 125.4, 124.7, 60.1, 57.2, 44.9, 39.3, 33.8, 23.5,
23.4; IR (neat) 3024, 2952, 2871, 745, 703 cm™'; AMM (ESI) m/z calcd for CigH2aN*

[M+NH4]* 266.1903 found 266.1915; [a]o?® = -1.32 (c = 0.79, CHClz).

NBoc

(o] 7

tert-butyl 4-(2-benzoylbenzylidene)piperidine-1-carboxylate (213). Following a
literature procedure, 76 to a solution of phosphonate 206 (0.162 g, 0.517 mmol) and 1-
boc-4-piperidone (0.099 g, 0.497 mmol) in anhydrous THF (2 mL) was added NaH (60%
in mineral oil, 0.021 g, 0.525 mmol) at 0 °C. The reaction mixture was allowed to warm to
room temperature and stirred for 18 h. The reaction mixture was quenched with H20 (10
mL), extracted with CH2Cl2 (2 x 10 mL), dried over Na=SOs, filtered, and concentrated in
vacuo. The crude material was purified by flash column chromatography (15:85,
EtOAc:hexanes) to afford the desired benzophenone 213 as an off-white amorphous solid

(0.142 g, 77%). 'H NMR (600 MHz, CDCls) & 7.72 (d, J = 7.6 Hz, 2H), 7.55 (td, J = 7.4,
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1.3 Hz, 1H), 7.49 — 7.45 (m, 1H), 7.45 - 7.38 (m, 3H), 7.34 (t, J=7.5 Hz, 1H), 7.22 (d, J
= 7.6 Hz, 1H), 6.20 (s, 1H), 3.26 (dt, J = 15.3, 5.9 Hz, 4H), 2.20 (bs, 2H), 2.08 — 2.03 (m,
2H), 1.44 (s, 9H); '3C NMR (151 MHz, CDCls) & 198.6, 154.7, 139.8, 139.0, 138.0, 136.2,
133.0, 130.1, 130.1, 129.9, 128.4, 126.6, 123.0, 79.56, 45.6, 44.8, 44.0, 35.8, 29.4, 28.5;
AMM (ESI) m/z calcd for C24H28NO3* [M+H]* 378.2064 found 378.2071; IR (neat): 2936,
2869, 1693, 1666, 1599 cm'. Note: This compound forms rotamers due to the Boc

protecting group. The final indane structure was proved by crystal structure.

tert-butyl (E)-4-(2-(hydrazineylidene(phenyl)methyl)benzylidene)piperidine-1-
carboxylate (177d) was synthesized according to general procedure E, benzophenone
213 (0.207 g, 0.548 mmol), N2H4 (0.20 mL, 7.0 mmol), AcOH (0.040 mL, 0.70 mmol) and
anhydrous EtOH (8.3 mL) were used. The crude reaction mixture was taken into general
procedure F, 10% palladium on carbon (0.030 g, 0.028 mmol) and CHsOH (1.9 mL) were
used. Purification by flash column chromatography on neutral alumina (12:88,
EtOAc:hexanes), hydrazone 177d was obtained as a white solid (0.162 g, 75%). 'TH NMR
(600 MHz, CDCls) & 7.44 (d, J = 6.8 Hz, 2H), 7.41 — 7.34 (m, 2H), 7.33 (d, J = 7.4 Hz,
1H), 7.30 — 7.26 (m, 3H), 7.15 (d, J = 7.3 Hz, 1H), 5.35 (s, 2H), 3.95 (br s, 2H), 2.56 —
2.27 (m, 4H), 1.61 — 1.44 (m, 3H), 1.41 (s, 9H), 1.06 — 0.89 (m, 2H); 3C NMR (151 MHz,

CDCls) 6 154.8, 148.8, 139.4, 138.2, 132.6, 130.9, 129.2, 128.9, 128.2, 128.1, 127.1,
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125.9, 79.1, 44.1, 43.5, 40.3, 36.4, 32.1, 28.4; AMM (ESI) m/z calcd for C24H32N302*
[M+H]* 394.2489 found 394.2505. Note: This compound forms rotamers due to the Boc

protecting group. The final indane structure was proved by crystal structure.

BocN

1-Phenylspiro((tert-butyl 4-methylidenepiperidine-1-corboxylate)-1,2'-indane)
(178d) was synthesized according to general procedure H using hydrazone 177d (32 mg,
0.081 mmol), MnO2 (56 mg, 0.64 mmol), and Rh2(R-PTAD)4 (2 mg, 0.001 mmol) in CHzCl>
(5.4 mL). The crude product was purified by flash column chromatography (10:90,
EtOAc:hexanes) affording indane 178d as a white solid (30 mg, 91 %, 96:4er). 'TH NMR
(600 MHz, CDCls) & 7.30 — 7.25 (m, 3H), 7.26 — 7.19 (m, 2H), 7.15 (t, J = 7.4 Hz, 1H),
7.05(d, J=7.4 Hz, 1H), 7.04 — 6.98 (m, 2H), 4.06 (s, 1H), 3.92 (br s, 1H), 3.73 (br s, 1H),
3.07 (d, J=15.7 Hz, 1H), 3.02 (t, J= 11.8 Hz, 1H), 2.95 — 2.88 (m, 1H), 2.86 (d, J= 15.6
Hz, 1H), 1.75 — 1.63 (m, 2H), 1.41 (s, 9H), 1.14 — 1.01 (m, 2H); 3C NMR (151 MHz,
CDCIs) 6 155.0, 145.4, 142.2, 140.2, 129.8, 128.2, 127.0, 126.8, 125.7, 125.0, 79.4, 62.4,
46.9, 40.8, 37.0, 32.2, 28.6; IR (neat) 3023.8, 2930.9, 1694.0, 1423.4, 748.4 cm''; AMM
(ESI) m/z calcd for C24H20NO2Na* [M+Na]* 386.2091, found 386.2095 m.p. 96.3 °C; [a]o?®
=-12.1 (c = 0.45, CHCIs). Note: This compound forms rotamers due to the Boc protecting

group. The final structure was proved by crystal structure.
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2-(4-Benzylidenetetrahydro-2 H-pyran)benzophenone (214) Following a literature
procedure,’® to a solution of phosphonate 206 (0.560 g, 1.69 mmol) and tetrahydro-4H-
pyran-4-one (0.160 mL, 1.73 mmol) in anhydrous THF (7 mL) was added NaH (60% in
mineral oil, 0.0740 g, 1.85 mmol) at 0 °C. The reaction mixture was allowed to warm to
room temperature and stirred for 18 h. The reaction mixture was quenched with H20 (20
mL), extracted with CH2Cl2 (2 x 20 mL), dried over Na=2SOs, filtered, and concentrated in
vacuo. The crude material was purified by flash column chromatography (15:85,
EtOAc:hexanes) to afford the desired benzophenone 214 as a light-yellow oil (0.142 g,
77%). 'H NMR (600 MHz, CDCls) & 7.73 (d, J = 8.2 Hz, 2H), 7.56 (td, J = 7.6, 1.2 Hz,
1H), 7.49 — 7.40 (m, 4H), 7.34 (t, J = 7.5 Hz, 1H), 7.24 (d, J = 7.7 Hz, 1H), 6.17 (s, 1H),
3.53 (q, J = 5.7 Hz, 4H), 2.28 (t, J = 5.5 Hz, 2H), 2.13 (t, J = 5.4 Hz, 2H); '3C NMR (151
MHz, CDCls) & 198.7, 139.1, 138.0, 136.2, 133.1, 130.2, 130.1, 130.0, 128.5, 128.5,
126.6, 122.3, 110.1, 69.2, 68.4, 36.8, 30.9; AMM (ESI) m/z calcd for CisH1902* [M+H]*

279.1380 found 279.1393; IR (neat): vmax 2907, 2847, 1663, 1599 cm-".
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2-((Tetrahydro-2H-pyran-4-yl)methyl)benzophenone hydrazone (177e¢) was
synthesized according to general procedure E, benzophenone 214 (0.293 g, 1.05mmol),
N2H4 (0.40 mL, 13 mmol), AcOH (0.070 mL, 1.2 mmol) and anhydrous EtOH (17.0 mL)
were used. The crude reaction mixture was taken into general procedure F, 10%
palladium on carbon (0.057 g, 0.054 mmol) and CH3sOH (3.6 mL) were used. Following
purification by flash column chromatography on neutral alumina (88:12 to 60:40,
hexanes:EtOAc), hydrazone 177e was obtained as a yellow oil (0.222 g, 72%). '"H NMR
(600 MHz, CDCls) & 7.47 — 7.42 (m, 2H), 7.42 — 7.32 (m, 3H), 7.30 — 7.24 (m, 3H), 7.16
(dd, J=7.3, 1.6 Hz, 1H), 5.35 (s, 2H), 3.84 (dd, J= 11.1, 3.1 Hz, 1H), 3.79 (dd, J = 10.9,
3.2 Hz, 1H), 3.17 (td, J = 11.8, 2.3 Hz, 1H), 3.13 (td, J = 11.7, 2.3 Hz, 1H), 2.42 — 2.33
(m, 2H), 1.69 — 1.60 (m, 1H), 1.45 — 1.40 (m, 1H), 1.38 — 1.33 (m, 1H), 1.25 — 1.18 (m,
1H), 1.16 — 1.08 (m, 1H); 13C NMR (151 MHz, CDCls) & 148.8, 139.2, 138.2, 132.6, 130.9,
129.1, 128.9, 128.2, 128.1, 127.1, 125.9, 67.9, 67.8, 40.6, 35.4, 33.1, 33.0; AMM (ESI)

m/z calcd for C19H22N20+* [M+H]* 295.1805 found 295.1806.

1-Phenylspiro((tetrahydro-2H-pyran-4-yl)-1,2'-indane) (178e) was synthesized
according to general procedure | using hydrazone 177e (38 mg, 0.13 mmol), MnO2 (89
mg, 1.0 mmol), and Rh2(R-PTAD)4 (2 mg, 0.001 mmol) in CH2Cl2 (8 mL). The crude
product was purified by flash column chromatography (10:90, EtOAc:hexanes) affording

indane 178e as a white solid (30 mg, 89 %, 94:6 er). '"H NMR (600 MHz, CDCls) & 7.30 —
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7.26 (m, 3H), 7.25-7.19 (m, 2H), 7.15 (t, J= 7.4 Hz, 1H), 7.05 (d, J= 7.5 Hz, 1H), 7.02
(d, J=7.3 Hz, 2H), 4.06 (s, 1H), 3.87 (dt, J= 11.7, 3.9 Hz, 1H), 3.69 (dt, J= 11.7, 4.0 Hz,
1H), 3.64 (td, J= 11.5, 2.6 Hz, 1H), 3.52 (td, J = 11.4, 2.5 Hz, 1H), 3.13 (d, J = 15.6 Hz,
1H), 2.92 (d, J = 15.6 Hz, 1H), 1.87 (ddd, J = 13.4, 11.2, 4.5 Hz, 1H), 1.61 (dq, J = 13.8,
2.9 Hz, 1H), 1.25 (ddd, J = 13.6, 11.2, 4.6 Hz, 1H), 1.05 (dq, J = 13.6, 2.3 Hz, 1H); 13C
NMR (151 MHz, CDCls) & 145.4, 142.3, 140.2, 129.8, 128.2, 127.0, 126.8, 126.78, 125.8,
125.0, 65.4, 65.1, 62.8, 46.1, 41.6, 37.8, 33.1; IR (neat): 3020, 2918, 2845, 1453, 1102
cm'; AMM (ESI) m/z calcd for C19H2aNO* [M+NH4]* 282.1852 found 282.2846; m.p. 126.5

°C; [a]o = 7.70 (c = 0.50, CHCls).

©APPh3Br

Benzyltriphenylphosphonium bromide (190). Following a modified literature
procedure,? triphenylphosphine (1.69 g, 6.44 mmol) was added to a solution of benzyl
bromide (0.69 mL, 5.9 mmol) in anhydrous toluene (10 mL). The reaction mixture was
refluxed open to air overnight. The white precipitate formed was collected by vacuum
filtration and the filter cake was rinsed with toluene and hexanes and then dried by pulling
air through the cake for 2 h to give the phosphonium salt as a white powder (2.47 g, 97%)

which was used without further purification.

O g OCH,

1-Methoxy-3-phenethylbenzene (192). Following a modified literature procedure,?*

sodium hydride (60% in mineral oil, 0.112 g, 3.05 mmol) was added to a solution of Wittig
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salt 190 (1.00 g, 2.31 mmol) and anhydrous THF (23 mL) in a flame-dried flask at 0 °C. A
solution of m-anisaldehyde (0.28 mL, 2.3 mmol) in THF (23 mL) was added to the sodium
hydride mixture dropwise and allowed to warm to room temperature. After 23 hours, the
reaction was quenched by the addition of H20 (40 mL) and extracted with EtOAc (3 x 30
mL). The combined organic layers were washed with H20 (1 x 30 mL), brine (1 x 30 mL),
dried over Na2SOs, filtered, concentrated in vacuo and purified by flash column
chromatography (1:99 to 5:95, EtOAc:hexanes) to afford the alkene product as mixture
of isomers (0.483 g, 98%). Hydrogenation: A solution of the alkene isomers in EtOAc
(23.0 mL) was added to a flask with palladium on carbon (10% Pd/C, 0.0759 g) under
argon. The solution was sparged with hydrogen gas while stirring for five minutes and the
reaction was left to stir overnight under an atmosphere of hydrogen. The flask was flushed
with argon gas prior to filtering through Celite and concentrating in vacuo to afford the
product 192 as a clear oil (0.473 g, 97%) with no purification necessary. '"H NMR (600
MHz, CDCls) & 7.31 — 7.26 (m, 2H), 7.23 — 7.16 (m, 4H), 6.79 (d, J = 7.4 Hz, 1H), 6.77 —
6.71 (m, 2H), 3.78 (s, 3H), 2.96 — 2.87 (m, 4H). '"H NMR is consistent with published

data.84

o) Ph
Br ‘ ‘ OCH,

(4-Bromophenyl)(4-methoxy-2-phenethylphenyl)methanone (194a). Following a
modified literature procedure,s tin (1V) chloride in CH2Cl2 (1.0 M, 3.5 mL, 3.5 mmol) was
added to a solution of 192 (0.455 g, 2.14 mmol) in CH2Cl2 (6.3 mL) in a flame-dried flask

at 0 °C. A solution of 4-bromobenzoyl chloride (0.713 g, 3.25 mmol) in CH2Cl2 (6.3 mL)
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was slowly added to the tin (IV) chloride mixture. After addition was complete, the reaction
was warmed to room temperature and stirred for 24 hours. The reaction was quenched
by pouring into H20 (40 mL) and extracted with Et2O (3 x 30 mL). The combined organic
layers were dried over Na2SQOu, filtered, concentrated in vacuo, and purified by flash
column chromatography (5:95 to 65:35, CH2Cl2) to yield ketone 194a as a white
amorphous solid (0.476 g, 56%). 'H NMR (600 MHz, CDClIs) & 7.59 (d, J = 8.1 Hz, 2H),
7.54 (d, J=8.3 Hz, 2H), 7.25 (d, J=8.5 Hz, 1H), 7.23 - 7.17 (m, 2H), 7.12 (d, J= 7.4 Hz,
3H), 6.79 (s, 1H), 6.72 (d, J = 7.9 Hz, 1H), 3.78 (s, 3H), 3.10 — 3.02 (m, 2H), 2.94 — 2.86
(m, 2H); 3C NMR (151 MHz, CDCls) 3 196.4, 161.5, 144.7, 141.5, 137.6, 132.2, 131.6,
131.6, 129.9, 128.6, 128.3, 127.7, 126.0, 116.4, 110.5, 55.4, 38.2, 35.8; AMM (ESI) m/z

calcd Cz2Hz0BrO2Na+ [M+Na]* 417.0459 found 417.0466.

O™

Br
(1S,2R)-1-(4-bromophenyl)-5-methoxy-2-phenyl-2,3-dihydro-1 H-indene (188) was
synthesized according to general procedure H using hydrazone 195a (25 mg,
0.061mmol), MnO2 (42 mg, 0.49 mmol), and Rh2(S-PTAD)4 (1.0 mg, 0.0006 mmol) in

CH2Cl2. The crude product was purified by flash column chromatography (60:40,

CHzCl2:hexanes) affording indane 188 as a clear oil (15 mg, 65%, 97:3 er, >95:5 dr). 'H
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NMR (600 MHz, CDCls) & 7.14 — 7.08 (m, 2H), 7.08 — 7.02 (m, 3H), 7.00 — 6.91 (m, 2H),
6.81 — 6.78 (m, 2H), 6.76 (dd, J = 8.3, 2.5 Hz, 1H), 6.47 — 6.40 (m, 2H), 4.55 (d, J = 8.0
Hz, 1H), 4.05 — 3.98 (m, 1H), 3.85 (s, 3H), 3.32 (dd, J = 15.8, 8.5 Hz, 1H), 3.21 (dd, J =
15.8, 7.5 Hz, 1H);'3C NMR (151 MHz, CDCl3) & 159.3, 145.4, 140.8, 140.3, 136.9, 130.7,
130.6, 128.3, 127.8, 126.2,125.9, 119.8, 112.8, 109.8, 55.5, 55.4, 52.1, 37.0; AMM (ESI)
m/z calcd for C22H19BrONa* [M+Na]* 401.0511, found 401.0533; [a]p%® = 0.147 (c = 70,

CHCla).

o Ph
F ‘ ‘ OCH;

(4-fluorophenyl)(4-methoxy-2-phenethylphenyl)methanone (195b) Following a
modified literature procedure,® tin (1V) chloride in CH2Cl2 (1.0 M, 4.1 mL, 4.1 mmol) was
added to a solution of 192 (0.531 g, 2.50 mmol) in CH2Cl2 (7.5 mL) in a flame-dried flask
at 0 °C. A solution of 4-fluorobenzoyl chloride (0.531 g, 3.34 mmol) in CH2Cl2 (7.5 mL)
was slowly added to the tin (1V) chloride mixture. After addition was complete the reaction
was warmed to room temperature and stirred for 24 hours. The reaction was quenched
by pouring into H20 (40 mL) and extracted with Et2O (3 x 30 mL). The combined organic
layers were dried over Na2SOs, filtered, concentrated in vacuo, and purified by flash
column chromatography (0:100 to 10:90, EtOAc:hexanes) to yield ketone 195b as a white
amorphous solid (0.296 g, 36%). '"H NMR (600 MHz, CDCls) & 7.78 — 7.72 (m, 2H), 7.27
(d, J=8.5Hz, 1H), 7.24 — 7.17 (m, 2H), 7.17 — 7.00 (m, 5H), 6.79 (d, J = 2.6 Hz, 1H),
6.74 (dd, J= 8.4, 2.6 Hz, 1H), 3.80 (s, 3H), 3.09 — 3.01 (m, 2H), 2.94 — 2.86 (m, 2H); 13C

NMR (151 MHz, CDCls) & 196.2, 165.5 (d, J = 254.3 Hz), 161.4, 144.5, 141.6, 135.2 (d,
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J=2.9Hz), 132.8 (d, J= 9.2 Hz), 132.0, 130.4, 128.6, 128.4, 126.0, 116.3, 115.4 (d, J =
21.9 Hz), 110.6, 55.4, 38.2, 35.9;: AMM (ESI) m/z calcd CzaHaoFO2* [M+H]* 335.1442

found 335.1443.

OCH,

th-C©/

o

F
(1S,2R)-1-(4-fluorophenyl)-5-methoxy-2-phenyl-2,3-dihydro-1H-indene (215) was
synthesized according to general procedure H using hydrazone 195b (25mg, 0.072
mmol), MnO2 (50 mg, 0.58 mmol), and Rh2(S-PTAD)4 (1.0 mg, 0.0006 mmol) in CH2Cl>.
The crude product was purified by flash column chromatography (2:98, EtOAc:hexanes)
affording indane 215 as a clear oil (14.5 mg, 93%, 92:8 er, >95:5 dr). '"H NMR (600 MHz,
CDCls) & 7.07 — 7.01 (m, 3H), 7.00 — 6.93 (m, 2H), 6.81 — 6.74 (m, 3H), 6.72 — 6.65 (m,
2H), 6.54 — 6.47 (m, 2H), 4.58 (d, J= 8.0 Hz, 1H), 4.04 — 3.95 (m, 1H), 3.85 (s, 3H), 3.32
(dd, J=15.7, 8.5 Hz, 1H), 3.21 (dd, J=15.8, 7.5 Hz, 1H); '3C NMR (151 MHz, CDCl3)
161.27 (d, J = 243.9 Hz), 159.2, 145.4, 141.0, 137.3, 136.9, (d, J = 3.0 Hz), 130.3 (d, J =
7.6 Hz), 128.36, 127.7, 126.1, 126.0, 114.3 (d, J = 21.2 Hz), 112.8, 109.7, 55.4, 55.3,
52.2, 37.0; AMM (ESI) m/z calcd for C22H20FO* [M]* 318.1420 found 318.1408; [a]p?® = -

0.143 (c = 71.5, CHCls).
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1-(2-(4-((1S,2R)-5-methoxy-2-phenyl-2,3-dihydro-1 H-inden-1-

yl)phenoxy)ethyl)pyrrolidine (179) was synthesized following a modified literature
procedure.?® To a flame-dried 5 mL puW vial was added Cu(OAc)z2 (1 mg, 0.006 mmol).
The vial was capped and backfilled with argon. To a separate 20 mL flame-dried
scintillation vial was added lithium tert-butoxide (32 mg, 0.40 mmol) and the vial was
sealed with a septum and backfilled with argon. To the vial was added amine 187 (2.00
mL, 0.07 M) and bromide 188 (50 mg 0.132 mmol).The contents of the vial containing the
catalyst, amine and base were added to the vial containing the Cu(OAc)4. The combined
reaction mixture was heated in a microwave reactor for 20 min at 130 °C. The vial was
removed from the reactor and Cu(OAc)2 (1 mg, 0.006 mmol) was added by quickly
removing the microwave cap and replacing it. This process was repeated by adding
Cu(OAc)2 (1 mg, 0.006 mmol) every 20 min for 2 h. The crude product was dissolved in
H20 (25 mL) and extracted with CH2Cl2. (3 x 10 mL). The organic layers were combined
and washed with H20 (3 x 25 mL) and brine (1 x 25 mL). The organic layer was dried
over anhydrous Na2SOs, concentrated in vacuo and purified by flash column

chromatography (5:95, CHsOH:CHaCl) affording 179 as a brown oil (25.9 mg, 95%). 'H
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NMR (600 MHz, CDCls) & 7.06 — 7.03 (m, 3H), 7.01 (d, J= 8.2 Hz, 1H), 6.95 (s, 1H), 6.82
— 6.78 (m, 2H), 6.77 (dd, J = 8.4, 2.4 Hz, 1H), 6.56 (d, J = 8.3 Hz, 2H), 6.47 (d, J = 8.3
Hz, 2H), 4.55 (d, J = 7.9 Hz, 1H), 4.03 — 3.93 (m, 3H), 3.85 (s, 3H), 3.32 (dd, J= 15.7, 8.6
Hz, 1H), 3.19 (dd, J= 15.7, 7.5 Hz, 1H), 2.85 (t, J = 6.0 Hz, 2H), 2.62 (s, 4H), 1.88 — 1.73
(m, 4H); 3C NMR (151 MHz, CDCls) 8 159.0, 156.9, 145.4, 141.4, 137.8, 133.6, 129.9,
128.5, 127.56, 126.0, 125.95,113.7, 112.7, 109.7, 66.4, 55.4, 55.2, 54.9, 54.6, 52.4, 37 .1,
23.4; AMM (ESI) m/z calcd for CosHa2 NO2* [M+H]* 414.2428, found 414.2428; [a]p?® = -

0.033 (c = 16.5, CHCls)

Br
cae

1-bromo-2-(but-3-en-1-yl)benzene (71). Was synthesized according to a modified
literature procedure.®” To a flame dried 250 mL round-bottomed flask was added a
solution of 1-bromo-2-(bromomethyl)benzene (1 equiv, 4.00 mmol) as a solution in diethyl
ether (1 M). The reaction was cooled to 0 °C and allyl magnesium bromide (2 equiv, 8
mmol) was added. The flask was then allowed to stir overnight and warm to room
temperature. . After stirring, the reaction was then cooled to 0 °C and quenched with 100
mL of DI water. The crude reaction mixture was extracted 3x with 25 mL of ethyl acetate,
washed with brine, dried over anhydrous Na2SOa4., and solvent was removed by rotary

evaporation affording the desired product without further purification in 99% vyield as a

clear oil. 'THNMR was consistent with reported literature values.?”
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Br

1-bromo-2-(2-cyclopropylethyl)benzene (172). To a flame dried argon backfilled 100
mL round-bottomed flask was added a solution of Et2Zn in hexanes at 0 °C ( 2 equiv, 4.8
mmol). To the flask was added TFA dropwise (2 equiv, 4.8 mmol) and the resultant
mixture was stirred for 20 mins at 0 °C. To the flask was added a solution of CH2l2 (2
equiv, 4.8 mmol) in dry THF (2M) at 0 °C. Finally , a solution of 1-bromo-2-(but-3-en-1-
yl)benzene (171) ( 1 equiv, 2.4 mmol) was added in dry THF (1 M) at 0 °C. and the
reaction was allowed to warm to room temperature overnight. The reaction mixture was
diluted in DI water ( 100 mL) and extracted with 3x 25 mL of EtOEt. The organic layers
were combined, washed with 100 mL of brine, and dried over anhydrous Na2SOa. Solvent
was removed by rotary evaporation to afford the product in 99 % yield without further
purification as a yellow oil.. '"H NMR (599 MHz, cdcls) 8 7.51 (d, J= 7.8 Hz, 1H), 7.24 —
7.15 (m, 2H), 7.12 — 7.00 (m, 1H), 2.90 — 2.70 (m, 2H), 1.50 (q, J = 7.2 Hz, 2H), 0.83 —
0.65 (m, 1H), 0.44 (d, J= 8.1 Hz, 2H), 0.06 (d, J = 4.9 Hz, 2H). '3C NMR (151 MHz, cdcls)

0 141.8,132.7, 130.5, 127.4, 127.3, 124.5, 36.39, 35.1, 10.8, 4.7.

o \V/

(2-(2-cyclopropylethyl)phenyl)(phenyl)methanone (173). To a flame dried 100 mL

143



argon backfilled round-bottomed flask was added 1-bromo-2-(2-
cyclopropylethyl)benzene (172) (1 equiv, 0.45 mmol) and THF (0.2M). The reaction as
cooled to -78 °C a d n-BuLi (0.8 equiv, 1.7mmol) was added. The reaction mixture was
then warmed to room temperature over 2 hours. The reaction was then cooled to 0 °C
and N-methoxy-N-methylbenzamide (1.2 equiv, 2.6 mmol) was added as a soluton in THF
(0.8M). The mixture was then warmed to room temperature overnight. Following overnight
striring, the reaction was cooled to 0° C and quenched with DI water. The quenched
mixture was extracted 3x with 25 mL of EtOAc dried over brine and anhydrous
Na=S0a..Solvent was then removed by rotary evaporation to afford the crude product. The
crude product was purified by flash chromatography 80:20 CH2Clz2:Hexanes affording 173
as a clear oil (150 mg 27% )'H NMR (599 MHz, cdcls) & 7.80 (d, J = 8.2 Hz, 2H), 7.58 {(t,
J=7.4Hz, 1H), 7.45 (t, J=7.6 Hz, 2H), 7.41 (td, J= 7.4, 1.6 Hz, 1H), 7.33 (d, J= 7.7 Hz,
1H), 7.29 — 7.27 (m, 1H), 7.26 — 7.22 (m, 1H), 2.75 (dd, J= 8.8, 6.9 Hz, 2H), 1.43 (q, J =
7.2 Hz, 2H), 0.68 — 0.50 (m, 1H), 0.45 — 0.23 (m, 2H), -0.04 — -0.16 (m, 2H).'3C NMR
(151 MHz, cdcls) 6 198.7, 141.4, 138.5, 137.9, 133.1, 130.2, 130.2, 130.1, 128.4, 128.4,

125.2, 36.9, 33.4, 10.8, 4.4.

o Sw
(2-((cyclopropylmethyl)thio)phenyl)(phenyl)methanone (163).To a 20 mL oven dried

microwave vial was added oven dried Cs2COs ( 3 equiv, 7.05 mmol) followed by (2-

mercaptophenyl)(phenyl)methanone. ( 1 equiv, 2.35 mmol) and
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(bromomethyl)cyclopropane (1.5 equiv, 3.5 mmol) and dry CH3CN (0.2 M). The reaction
was capped and heated at 65 °C for 24 hours and monitored by TLC. The reaction was
then cooled to room temperature and diluted in 100 mL of DI water. The reaction mixture
was then extracted 3x with 25 mL of ethyl acetate. The organic layers were combined
and dried with brine (100 ml) and anhydrous sodium sulfate. The resultant suspension
was was filtered and solvent was removed by rotary evaporation to afford the crude
product as a yellow oil. The crude material was purified by flash chromatography on silica
gel 45:65 CH2Cl2:Hexanes. Affording 220mg of 163 in 35% yield as a clear oil. '"H NMR
(400 MHz, CDCls) 6 7.82 (d, J=8.0 Hz, 2H), 7.60 (t, J= 7.4 Hz, 1H), 7.54 (d, J= 7.9 Hz,
1H), 7.46 (9, J= 7.9 Hz, 3H), 7.38 (d, J=7.5 Hz, 1H), 7.35 — 7.20 (m, 1H), 2.81 (d, J =

7.1 Hz, 2H), 1.03 — 0.85 (m, 1H), 0.53 (d, J = 8.0 Hz, 2H), 0.19 (d, J = 5.0 Hz, 2H).
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7/12/2017

1/1 C:\LabSolutions\Training1107\Rich\RASVI-41_99.5.Icd

146a achiral

UCDAVIS Department ot Chemistry
==== HPLC Analysis Report ====

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

mAU

C:\LabSolutions\Training1107\Rich\RASVI-41_99.5.lcd

: Admin

: RASVI-41

: RASVI-41

1

159

:5uL

: RASVI-41_99.5.lcd

: 0D-99.5_0.5_Hexane_IPA_35min.lcm
:7.12.17.Icb

: UCD Default.lcr

1 7/12/2017 5:43:44 PM
1 7/12/2017 6:18:46 PM

C:\LabSolutions\Training1107\Rich\RASVI-41_99.5.lcd

PDA Multi 1

6.032
6.841

1 PDA Multi 1/217nm 4nm

< Peak Table >

PDA Chl 217nm 4nm

PeakTable C:\LabSolutions\Training1 107\Rich\RASVI-41_99.5 lcd

Peak# Ret. Time Area Height Area % Height %
1 6.032 2075466 367578 47.676 52.100
2 6.841 2277773 337944 52.324 47.900
Totall 4353240 705522 100.000 100.000
7/12/2017 1/1 C:\LabSolutions\Training1107\Rich\RASVI-41_99.5.Icd

PDF created with pdfFactory trial version www.pdffactory.com
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7/11/2017

1/1 C:\LabSolutions\Training1107\Rich\RASVI-42f2_98_2.lcd

146a chiral

UCDAVIS Department ot Chemistry
==== HPLC Analysis Report ====

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

C:\LabSolutions\Training1107\Rich\RASVI-42f2_98_2.lcd
: Admin
1 RASVI-42f2
: RASVI-42f2
1
: 58
:5uL
1 RASVI-42f2_98 2.lcd
: OD-98_2_Hexane_IPA_35min.lcm
:7.11.17.Icb
: UCD Default.lcr
1 7/11/2017 5:19:53 PM
: 7/11/2017 5:54:56 PM

<Chromatogram>
C:\LabSolutions\Training1107\Rich\RASVI-42f2_98_2.Icd
mAU
il 2 PDA Multi 1
1 N
750 ©
500
250
] 5
®
b <
0 1\/\\b T N
T T I T T l
0 5 10 15 20 25 30
min

1 PDA Multi 1/257nm 4nm

< Peak Table >

PDA Chl 257nm 4nm

PeakTable C:\LabSolutions\Training1107\Rich\RASVI-42f2_98_2.lcd

Peak# Ret. Time Area Height Area % Height %
1 4.907 206843 27805 2.727 3.278
2 6.280 7379043 820387 97273 96.722
Total 7585886 848191 100.000 100.000
7/11/2017 1/1

PDF created with pdfFactory trial version www.pdffactory.com
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1/9/2018

146b achiral

1/1 C:\LabSolutions\Training1107\Lws\LWSI-115_85_15.lcd

UCDAVIS Department ot Chemistry

==== HPLC Analysis Report ====

C:\LabSolutions\Training1107\Lws\LWSI-115_85_15.lcd

Acquired by : Admin
Sample Name 1 LWSI115
Sample ID : LWSI-115
Tray# 1

Vail # 160
Injection Volume 1ul

Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

1 LWSI-115_85_15.Icd

: OD-85_15_Hexane_IPA_20min.lcm
:8.4.17_new.lcb

: UCD Default.lcr

: 8/4/2017 5:19:03 PM

: 8/4/2017 5:39:07 PM

<Chromatogram>
C:\LabSolutions\Training1107\Lws\LWSI-115_85_15.lcd
mAU
150 2 PDA Multi 1
1 A
il ©
| S
100+ 3
50
R
‘ —— —— —— — —— —— —
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
min

1 PDA Multi 1/207nm 4nm

< Peak Table >

PDA Chl 207nm 4nm

PeakTable C:\LabSolutions\Training1 107\Lws\LWSI-115_85_15.lcd

Peak# Ret. Time Area Height Area % Height %
1 9.276 2239216 147945 49.759 60.876
2 14.206 2260931 95083 50.241 39.124
Totall 4500146 243029 100.000 100.000
1/9/2018 1/1 C:\LabSolutions\Training1107\Lws\LWSI-115_85_15.Icd

PDF created with pdfFactory trial version www.pdffactory.com
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1/8/2018 1/1 C:\LabSolutions\Training1107\Lws\LWSI-113_85_15.lcd

146b chiral

UCDAVIS Department ot Chemistry

==== HPLC Analysis Report ====

C:\LabSolutions\Training1107\Lws\LWSI-113_85_15.Icd

Acquired by : Admin
Sample Name :LWSI113
Sample ID :LWSI-113
Tray# 1

Vail # 159
Injection Volume 1ul

Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

1 LWSI-113_85_15.Icd

: OD-85_15_Hexane_IPA_20min.lcm
:8.3.17_new2.Icb

: UCD Default.lcr

: 8/3/2017 2:26:51 PM

: 8/3/2017 2:46:53 PM

C:\LabSolutions\Training1107\Lws\LWSI-113_85_15.lcd

PDA Multi 1

14.308

min

1 PDA Multi 1/254nm 4nm

< Peak Table >

PDA Chl 254nm 4nm

PeakTable C:\LabSolutions\Training1 107\Lws\LWSI-113_85_15.lcd

Peak# Ret. Time Area Height Area % Height %
1 14.308 4393 221 100.000 100.000
Total 4393 221 100.000 100.000
1/8/2018 1/1 C:\LabSolutions\Training1107\Lws\LWSI-113_85_15.Icd

PDF created with pdfFactory trial version www.pdffactory.com
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5/8/2017

‘C:\LabSolutions\Training1107\Rich\RASV-18_98_2_OD_1ml.lcd

146¢ achiral

UCDAVIS Department ot Chemistry
==== HPLC Analysis Report ====

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

C:\LabSolutions\Training1107\Rich\RASV-18_98_2_OD_1ml.Icd

: Admin

: RASV-18

: RASV-18

1

128

10 uL
:RASV-18_98 2 OD_1ml.lcd
: OD-98_2_Hexane_IPA_25min.lcm
:8.10.16.Icb

: UCD Default.lcr

: 8/10/2016 3:37:30 PM

: 8/10/2016 4:02:32 PM

<Chromatogram>
C:\LabSolutions\Training1107\Rich\RASV-18_98_2_0OD_1ml.Icd
mAU
i 39 PDA Multi 1
Q0 19
4 © ~
300
200~
100
0
I I I l
0 5 10 15 20
min

1 PDA Multi 1/313nm 4nm

< Peak Table >

PDA Chl 313nm 4nm

PeakTable C:\LabSolutions\Training1107\Rich\RASV-18_98_2_OD_1ml.led

Peak# Ret. Time Area Height Area % Height %
1 6.864 3709067 360905 50.008 52.340
2 7.530 3707899 328635 49.992 47.660
Total 7416965 689540 100.000 100.000

5/8/2017 ‘C:\LabSolutions\Training1107\Rich\RASV-18_98 2 OD_1ml.lcd

PDF created with pdfFactory trial version www.pdffactory.com
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5/8/2017

‘C:\LabSolutions\Training1107\Rich\RASV-17_98_2_OD_1ml.lcd

146¢ chiral

UCDAVIS Department ot Chemistry
==== HPLC Analysis Report ====

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

mAU

C:\LabSolutions\Training1107\Rich\RASV-17_98_2_OD_1ml.Icd

: Admin

: RASV-18

: RASV-18

1

128

10 uL
:RASV-17_98 2 OD_1ml.lcd
: OD-98_2_Hexane_IPA_25min.lcm
:8.10.16.Icb

: UCD Default.lcr

: 8/10/2016 4:02:59 PM

: 8/10/2016 4:28:01 PM

C:\LabSolutions\Training1107\Rich\RASV-17_98_2_OD_1ml.lcd

PDA Multi 1

8.462

min

1 PDA Multi 1/313nm 4nm

< Peak Table >

PDA Chl 313nm 4nm

PeakTable C:\LabSolutions\Training1107\Rich\RASV-17_98_2_OD_1ml.led

Peak# Ret. Time Area Height Area % Height %
1 7.568 1714 198 0.673 0971
2 8.462 253135 20233 99.327 99.029
Total 254849 20431 100.000 100.000

5/8/2017 ‘C:\LabSolutions\Training1107\Rich\RASV-17_98 2 OD_1ml.lcd

PDF created with pdfFactory trial version www.pdffactory.com
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7/21/2017

1/1

146d achiral

UCDAVIS Department ot Chemistry
==== HPLC Analysis Report ====

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

C:\LabSolutions\Training1107\Rich\RASVI-55_98_2_2.Icd

: Admin

: RASVI-55

: RASVI-55

1

160

:5uL
:RASVI-55_ 98 2 2.lcd
: OD-98_2_Hexane_IPA_35min.lcm
:7.20.17.Icb

: UCD Default.lcr

1 7/20/2017 9:07:19 PM
: 7/20/2017 9:42:22 PM

<Chromatogram>
C:\LabSolutions\Training1107\Rich\RASVI-55_98_2_2.Icd
mAU
5 PDA Multi 1
1 ov.
| <
500
il o)
1 3
i ~
250
07
\ \ \ i i \
0 5 10 15 20 25 30
min

1 PDA Multi 1/254nm 4nm

< Peak Table >

PDA Chl 254nm 4nm

PeakTable C:\LabSolutions\Training1 107\Rich\RASVI-55_98_2_2.lcd

C:\LabSolutions\Training1107\Rich\RASVI-55_98 2 2.lcd

Peak# Ret. Time Area Height Area % Height %
1 4951 4716536 665822 56.019 65.196
2 7.485 3702927 355438 43981 34.804
Totall 8419463 1021260 100.000 100.000
7/21/2017 1/1 C:\LabSolutions\Training1107\Rich\RASVI-55 98 2 2.Icd

PDF created with pdfFactory trial version www.pdffactory.com
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7/20/2017

1/1

146d chiral

UCDAVIS Department ot Chemistry
HPLC Analysis Report

C:\LabSolutions\Training1107\Rich\RASVI-53_98 2.lcd

C:\LabSolutions\Training1107\Rich\RASVI-53_98_2.Icd

Acquired by : Admin
Sample Name : RASVI-53
Sample ID : RASVI-53
Tray# o1

Vail # 159
Injection Volume :5uL

Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

: RASVI-53_98_2.Icd

: OD-98_2_Hexane_IPA_35min.lcm
:17.20.17.Icb

: UCD Default.lcr

1 7/20/2017 4:29:33 PM

: 7/20/2017 5:04:36 PM

<Chromatogram>
C:\LabSolutions\Training1107\Rich\RASVI-53_98_2.Icd
mAU
(32
| 3
~
500
250
<
| S
0 I
I ' I I T T
0 5 10 15 20 25

1 PDA Multi 1/262nm 4nm

< Peak Table >

PDA Chl 262nm 4nm

PeakTable C:\LabSolutions\Training1107\Rich\RASVI-53_98_2.Icd

Peak# Ret. Time Area Height Area % Height %
1 4934 3699 458 0.069 0.081
2 7433 5324069 567075 99.931 99.919
Totall 5327767 567532 100.000 100.000
7/20/2017 1/1 C:\LabSolutions\Training1107\Rich\RASVI-53 98 2.Icd

PDF created with pdfFactory trial version www.pdffactory.com
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7/18/2017

1/1 C:\LabSolutions\Training1107\Rich\RASVI-50_8_2.Icd

146e achiral

UCDAVIS Department ot Chemistry
==== HPLC Analysis Report ====

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

C:\LabSolutions\Training1107\Rich\RASVI-50_8_2.lcd

: Admin

1 RASVI-50

: RASVI-50

1

: 58

:5uL

:RASVI-50_8 2.lcd

: OD-98_2_Hexane_IPA_35min.lcm
:7.14.17.Icb

: UCD Default.lcr

1 7/15/2017 3:14:27 AM
: 7/15/2017 3:49:29 AM

<Chromatogram>
C:\LabSolutions\Training1107\Rich\RASVI-50_8_2.lcd
mAU
i 3 PDA Multi 1
©
] o]
500+
~
] &
N~
250+
0 1\L T )
| \ \ i i \
0 5 10 15 20 25 30
min

1 PDA Multi 1/263nm 4nm

< Peak Table >

PDA Chl 263nm 4nm

PeakTable C:\LabSolutions\Training1107\Rich\RASVI-50_8_2.Icd

Peak# Ret. Time Area Height Area % Height %
1 5.863 4074594 603587 54977 59.702
2 7.827 3336797 407406 45.023 40.298
Totall 7411392 1010993 100.000 100.000
7/18/2017 1/1 C:\LabSolutions\Training1107\Rich\RASVI-50_8 2.lcd

PDF created with pdfFactory trial version www.pdffactory.com
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7/18/2017 1/1

146e chiral

C:\LabSolutions\Training1107\Rich\RASVI-48_98 2.lcd

UCDAVIS Department ot Chemistry
==== HPLC Analysis Report ====

C:\LabSolutions\Training1107\Rich\RASVI-48_98_2.Icd

Acquired by : Admin
Sample Name : RASVI-48
Sample ID : RASVI-48
Tray# o1

Vail # 160
Injection Volume :5uL

Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

1 RASVI-48_98_2.Icd

: OD-98_2_Hexane_IPA_35min.lcm
17.14.17.Icb

: UCD Default.lcr

1 7/15/2017 2:03:33 AM

: 7/15/2017 2:38:35 AM

<Chromatogram>
C:\LabSolutions\Training1107\Rich\RASVI-48_98 2.Icd
mAU
. 3 PDA Multi 1
1000 o
750
500
] 3
] ©
250
0 1 4 N 7 N
[ T T I [ T I T I I
0 5 10 15 20 25 30
min

1 PDA Multi 1/254nm 4nm

< Peak Table >

PeakTable C:\LabSolutions\Training1 107\Rich\RASVI-48_98_2.Icd
PDA Chl 254nm 4nm

Peak# Ret. Time Area Height Area % Height %
1 6.109 2321027 333310 18.284 24419
2 8.136 10373425 1031660 81.716 75.581
Totall 12694452 1364970 100.000 100.000
7/18/2017 1/1 C:\LabSolutions\Training1107\Rich\RASVI-48 98 2.Icd

PDF created with pdfFactory trial version www.pdffactory.com
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8/2/2017

1/1

146f achiral

UCDAVIS Department ot Chemistry
HPLC Analysis Report

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

mAU

C:\LabSolutions\Training1107\Rich\RASVI-63_98_2.Icd

: Admin

: RASVI-63

: RASVI-63

1

: 56

:5uL

: RASVI-63_98 2.Icd
: OD-98_2_Hexane_IPA_35min.lcm
:8.1.17.Icb

: UCD Default.lcr

: 8/2/2017 1:18:26 AM
: 8/2/2017 1:53:27 AM

C:\LabSolutions\Training1107\Rich\RASVI-63_98_2.Icd

1000

PDA Multi 1

4.84P77

T

1 T T ] ] T
5 10 15 20 25 30
min

1 PDA Multi 1/254nm 4nm

< Peak Table >

PDA Chl 254nm 4nm

PeakTable C:\LabSolutions\Training1107\Rich\RASVI-63_98_2 .Icd

C:\LabSolutions\Training1107\Rich\RASVI-63_98 2.lcd

Peak# Ret. Time Area Height Area % Height %
1 4.677 6521163 1015780 52.875 53.929
2 4.897 5811944 867780 47.125 46.071
Totall 12333107 1883560 100.000 100.000
8/2/2017 1/1 C:\LabSolutions\Training1107\Rich\RASVI-63_98 2.Icd

PDF created with pdfFactory trial version www.pdffactory.com
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8/2/2017

1/1

146f chiral

UCDAVIS Department ot Chemistry
==== HPLC Analysis Report ====

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

C:\LabSolutions\Training1107\Rich\RASVI-64_98_2.Icd

: Admin

: RASVI-63

: RASVI-63

1

: 55

:5uL

: RASVI-64_98 2.Icd
: OD-98_2_Hexane_IPA_35min.lcm
:8.1.17.Icb

: UCD Default.lcr

: 8/2/2017 1:53:51 AM
: 8/2/2017 2:28:53 AM

<Chromatogram>
C:\LabSolutions\Training1107\Rich\RASVI-64_98_2.Icd
mAU
] 2 PDA Multi 1
]
i <
1000
500
B 0O
i o
, |
I I I T T f
0 5 10 15 20 25 30
min

1 PDA Multi 1/254nm 4nm

< Peak Table >

PDA Chl 254nm 4nm

PeakTable C:\LabSolutions\Training1107\Rich\RASVI-64_98_2 .Icd

C:\LabSolutions\Training1107\Rich\RASVI-64_98 2.lcd

Peak# Ret. Time Area Height Area % Height %
1 4.618 863113 155935 9.006 10.684
2 4.859 8720681 1303524 90.994 89.316
Totall 9583794 1459459 100.000 100.000
8/2/2017 1/1 C:\LabSolutions\Training1107\Rich\RASVI-64_98 2.Icd
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8/5/2018

C:\LabSolutions\Training1107\CAD\LWSII_145_95 5 ODCONC.Icd

1469 achiral

UCDAVIS Department ot Chemistry
==== HPLC Analysis Report ====

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

C:\LabSolutions\Training1107\CAD\LWSII_145 95 5 ODCONC.lcd
: Admin
1
1
1
176
120 uL
:LWSII_145 95 5 ODCONC.Icd
: OD-95_5 Hexane_IPA_30min.lcm
: 8.22.17_CADRUNS.Icb
: UCD Default.lcr
: 8/5/2018 11:58:35 AM
: 8/5/2018 12:28:38 PM

<Chromatogram>
C:\LabSolutions\Training1107\CAD\LWSII_145_95_5 ODCONC.lcd
mAU
1 %5 PDA Multi 1
N
i & ~
] 3
57
07
| \ \ \ \ \
0 5 10 15 20 25
min

1 PDA Multi 1/254nm 4nm

< Peak Table >

PDA Chl 254nm 4nm

PeakTable C:\LabSolutions\Training] 107A\CAD\LWSII_145_95_5_ODCONC.lcd

Peak# Ret. Time Area Height Area % Height %
1 25.267 476172 12834 54.563 57.165
2 27.777 396531 9617 45437 42.835
Total 872703 22450 100.000 100.000

8/5/2018

C:\LabSolutions\Training1107\CAD\LWSII_145 95 5 ODCONC.Icd
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8/5/2018

1469 chiral

C:\LabSolutions\Training1107\CAD\LWSII_146_95 5 ODCONC.Icd

UCDAVIS Deparment ot Chemistry

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

mAU

HPLC Analysis Report

C:\LabSolutions\Training1107\CAD\LWSII_146_95 5 ODCONC.lcd
: Admin
1
1
1
277
120 uL
:LWSII_146_95 5 ODCONC.Icd
: OD-95_5 Hexane_IPA_30min.lcm
: 8.22.17_CADRUNS.Icb
: UCD Default.lcr
: 8/5/2018 11:28:08 AM
: 8/5/2018 11:58:10 AM

C:\LabSolutions\Training1107\CAD\LWSII_146_95_5_ODCONC.lcd

PDA Multi 1

25.301

27.791

20 25

min

1 PDA Multi 1/254nm 4nm

< Peak Table >

PDA Chl 254nm 4nm

PeakTable C:\LabSolutions\Trainingl 107A\CAD\LWSII_146_95_5_ODCONC.lcd

Peak# Ret. Time Area Height Area % Height %
1 25.301 1448245 39751 92.454 92.207
2 27.791 118200 3359 7.546 7.793
Total 1566445 43110 100.000 100.000

8/5/2018

C:\LabSolutions\Training1107\CAD\LWSII_146_95 5 ODCONC.Icd

PDF created with pdfFactory trial version www.pdffactory.com
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1/18/2018

1/1

178a achiral

UCDAVIS Department ot Chemistry

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

mAU

==== HPLC Analysis Report ====

C:\LabSolutions\Training1107\LAN\BMH2_108.Icd

: Admin

1

1

1

177

:5uL

: BMH2_108.lcd

1 0D-99.5_.5_Hexane_IPA_35min_0.5ml.lcm
:12.20.17.Icb

: UCD Default.lcr
:12/21/2017 10:01:12 AM
:1/2/2018 5:56:45 PM

C:\LabSolutions\Training1107\LAN\BMH2_108.Icd

1000-|

PDA Multi 1

8.094

10.374

5 10 15 20 25 30

1 PDA Multi 1/210nm 4nm

< Peak Table >

PDA Chl 210nm 4nm

PeakTable C:\LabSolutions\Training] I07\LAN\BMH2_108.lcd

C:\LabSolutions\Training1107\LAN\BMH2_108.Icd

Peak# Ret. Time Area Height Area % Height %
1 8.094 11182934 1075245 49.573 54.903
2 10.374 11375650 883216 50.427 45.097
Total 22558584 1958461 100.000 100.000
1/18/2018 1/1
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1/18/2018 1/1

178a chiral

C:\LabSolutions\Training1107\Blanka\BMH-2-107_B.lcd

UCDAVIS Department ot Chemistry
==== HPLC Analysis Report ====

C:\LabSolutions\Training1107\Blanka\BMH-2-107_B.lcd

Acquired by : Admin
Sample Name : BMH-2-107
Sample ID : BMH-2-107
Tray# 1

Vail # 19

Injection Volume 17 uL

Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

: BMH-2-107_B.lcd

: 0D-99.5_.5_Hexane_IPA_60min_0.7mLmin.lcm
: BMH 2-107 redo.Icb

: UCD Default.lcr

: 3/11/2016 11:33:40 AM

:10/12/2017 12:40:52 PM

<Chromatogram>
C:\LabSolutions\Training1107\Blanka\BMH-2-107_B.Icd
mAU
] 2 PDA Multi 1
(=]
750 ©
500
250~
q [
] 8
o N
T l l I I
0 10 20 30 40 50
min

1 PDA Multi 1/218nm 4nm

< Peak Table >

PeakTable C:\LabSolutions\Training1107\Blanka\BMH-2-107_B.lcd
PDA Chl 218nm 4nm

Peak# Ret. Time Area Height Area % Height %
1 5973 6811649 806989 98.867 98.763
2 7.068 78079 10111 1.133 1.237
Totall 6889728 817099 100.000 100.000
1/18/2018 1/1 C:\LabSolutions\Training1107\Blanka\BMH-2-107_B.Icd

PDF created with pdfFactory trial version www.pdffactory.com

170



1/18/2018 1/1

178b achiral

UCDAVIS Department ot Chemistry

==== HPLC Analysis Report ====

C:\LabSolutions\Training1107\LAN\LAN3-21A_99 1.lcd

C:\LabSolutions\Training1107\LAN\LAN3-21A_99 1.lcd

Acquired by : Admin
Sample Name : LAN3-21A
Sample ID : LAN3-21A
Tray# o1

Vail # 113
Injection Volume ;10 uL

Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

1 LAN3-21A_99_1.Icd

: OD-99_1_Hexane_IPA_25min.lcm
19.5.17.Icb

: UCD Default.lcr

: 9/5/2017 3:52:49 PM

: 10/12/2017 12:53:50 PM

<Chromatogram>
C:\LabSolutions\Training1107\LAN\LAN3-21A_99_1.lcd
mAU
i 98 PDA Multi 1
| <
1500
1000~
500
o ¢J pls
' ' I I I l
0 5 10 15 20
min

1 PDA Multi 1/212nm 4nm

< Peak Table >

PDA Chl 212nm 4nm

PeakTable C:\LabSolutions\Training] I07\ALAN\LAN3-21A_99_1.lcd

Peak# Ret. Time Area Height Area % Height %
1 3.742 10574888 1702164 48.770 50.408
2 4.105 11108112 1674630 51.230 49.592
Totall 21683000 3376794 100.000 100.000
1/18/2018 1/1 C:\LabSolutions\Training1107\LAN\LAN3-21A_99 1.Icd
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1/18/2018

1/1

178b chiral

UCDAVIS Department ot Chemistry
==== HPLC Analysis Report ====

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

C:\LabSolutions\Training1107\LAN\LAN3-22A_99_1.lcd

: Admin

: LAN3-22A

: LAN3-22A

1

114

;10 uL

: LAN3-22A 99 1.lcd

: OD-99_1_Hexane_IPA_25min.lcm
:9.5.17.Icb

: UCD Default.lcr
:9/5/2017 4:18:18 PM
:10/12/2017 1:02:52 PM

<Chromatogram>
C:\LabSolutions\Training1107\LAN\LAN3-22A_99_1.lcd
mAU
1 5 PDA Multi 1
1 ~
] @
1500
1000
500 r
| ¥
07
1 T I I
0 5 10 15 20
min

1 PDA Multi 1/212nm 4nm

< Peak Table >

PDA Chl 212nm 4nm

PeakTable C:\LabSolutions\Training] I07\LAN\LAN3-22A_99_1.lcd

C:\LabSolutions\Training1107\LAN\LAN3-22A_ 99 1.lcd

Peak# Ret. Time Area Height Area % Height %
1 3.737 14330793 1874825 91.894 87.016
2 4.105 1264063 279746 8.106 12.984
Totall 15594855 2154571 100.000 100.000
1/18/2018 1/1 C:\LabSolutions\Training1107\LAN\LAN3-22A 99 1.Icd
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1/18/2018 1/1

178c achiral

UCDAVIS Department ot Chemistry

==== HPLC Analysis Report ====

C:\LabSolutions\Training1107\Blanka\BMH-2-151.Icd

C:\LabSolutions\Training1107\Blanka\BMH-2-151.lcd

Acquired by : Admin

Sample Name : BMH-2-151
Sample ID : BMH-2-151
Tray# 1

Vail # 19

Injection Volume :7uL

Data File Name : BMH-2-151.lcd

Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

: 0D-99.5_.5_Hexane_IPA_60min_0.7mLmin.lcm
: BMH 2-107 redo.Icb

: UCD Default.lcr

: 4/18/2016 11:06:17 AM

: 6/7/2016 1:51:49 PM

<Chromatogram>
C:\LabSolutions\Training1107\Blanka\BMH-2-151.Icd

mAU
125

PDA Multi 1

5.902

7.494

\ \ \ \ \
0 10 20 30 40 50

min
1 PDA Multi 1/222nm 4nm

< Peak Table >

PeakTable C:\LabSolutions\Training1107\Blanka\BMH-2-151.lcd
PDA Chl 222nm 4nm

Peak# Ret. Time Area Height Area % Height %
1 5.902 1016211 121550 49.493 54.984
2 7.494 1037047 99512 50.507 45016
Totall 2053258 221062 100.000 100.000
1/18/2018 1/1 C:\LabSolutions\Training1107\Blanka\BMH-2-151.Icd
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1/18/2018

1/1 C:\LabSolutions\Training1107\Blanka\BMH-2-150.Icd

178c chiral

UCDAVIS Department ot Chemistry
==== HPLC Analysis Report ====

C:\LabSolutions\Training1107\Blanka\BMH-2-150.lcd

Acquired by : Admin

Sample Name : BMH-2-150
Sample ID : BMH-2-150
Tray# 1

Vail # 18

Injection Volume :7uL

Data File Name : BMH-2-150.lcd

Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

mAU

: 0D-99.5_.5_Hexane_IPA_60min_0.7mLmin.lcm
: BMH 2-107 redo.Icb

: UCD Default.lcr

: 4/18/2016 12:06:46 PM

: 6/7/2016 2:00:48 PM

C:\LabSolutions\Training1107\Blanka\BMH-2-150.lcd

200+

5.912

PDA Multi 1

7.520

\ \ \ \ \
10 20 30 40 50

min

1 PDA Multi 1/222nm 4nm

< Peak Table >

PDA Chl 222nm 4nm

PeakTable C:\LabSolutions\Training1107\Blanka\BMH-2-150.lcd

Peak# Ret. Time Area Height Area % Height %
1 5912 1622912 196099 92.778 93.534
2 7.520 126325 13556 7.222 6.466
Totall 1749237 209655 100.000 100.000
1/18/2018 1/1 C:\LabSolutions\Training1107\Blanka\BMH-2-150.Icd
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6/7/2016

1/1

178d achiral

UCDAVIS Department ot Chemistry

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

==== HPLC Analysis Report ====

C:\LabSolutions\Training1107\Blanka\BMH-2-163m.lcd

: Admin

: BMH-2-163

: BMH-2-163

1

:5

:7uL

: BMH-2-163m.lcd

1 AS-99.8 .2 _Hexane_IPA_60min-0.3mImin.lcm
: BMH 2-161m.Icb

: UCD Default.lcr
:5/19/2016 9:33:06 AM
:5/19/2016 10:56:00 AM

<Chromatogram>
C:\LabSolutions\Training1107\Blanka\BMH-2-163m.lcd
mAU
S PDA Multi 1
@
750
B
f i
500
250
0 T —
\ ‘ \ \ \ \
0 10 20 30 40 50
min

1 PDA Multi 1/217nm 4nm

< Peak Table >

PDA Chl 217nm 4nm

PeakTable C:\LabSolutions\Training1107\Blanka\BMH-2-163m.Icd

C:\LabSolutions\Training1107\Blanka\BMH-2-163m.lcd

Peak# Ret. Time Area Height Area % Height %
1 17.385 16060524 510924 54.595 36437
2 18.162 13357047 891302 45.405 63.563
Total 29417571 1402226 100.000 100.000
6/7/2016 1/1
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6/7/2016

1/1

178d chiral

UCDAVIS Department ot Chemistry
==== HPLC Analysis Report ====

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

C:\LabSolutions\Training1107\Blanka\BMH-2-164m.lcd

: Admin

: BMH-2-164

: BMH-2-164

1

7

:7uL

: BMH-2-164m.lcd

1 AS-99.8 .2 _Hexane_IPA_60min-0.3mImin.lcm
: BMH 2-161m.Icb

: UCD Default.lcr
:5/19/2016 11:34:03 AM
:5/19/2016 1:15:16 PM

<Chromatogram>
C:\LabSolutions\Training1107\Blanka\BMH-2-164m.lcd
mAU
] Q PDA Multi 1
N
] 2
50
25+
07
\ \ \ \ \
0 10 20 30 40 50
min

1 PDA Multi 1/254nm 4nm

< Peak Table >

PDA Chl 254nm 4nm

PeakTable C:\LabSolutions\Training1107\Blanka\BMH-2-164m.lcd

C:\LabSolutions\Training1107\Blanka\BMH-2-164m.lcd

Peak# Ret. Time Area Height Area % Height %
1 18.619 27985 790 3419 1.328
2 19.246 790619 58698 96.581 98.672
Totall 818603 59488 100.000 100.000
6/7/2016 1/1 C:\LabSolutions\Training1107\Blanka\BMH-2-164m.Icd
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1/18/2018

178d chiral »

UCDAVIS Department ot Chemistry
==== HPLC Analysis Report ====

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

C:\LabSolutions\Training1107\LAN\BMH2-160_60min.lcd

: Admin

1

1

1

178

:5uL

: BMH2-160_60min.lcd

: OD-99_1_Hexane_IPA_60min_0.5mL.lcm
:12.20.17.Icb

: UCD Default.lcr

1 12/21/2017 8:54:01 PM
: 1/2/2018 6:05:55 PM

<Chromatogram>
C:\LabSolutions\Training1107\LAN\BMH2-160_60min.lcd
mAU
] 8 8 PDA Multi 1
] [
i - N
400
300
200-|
100
o]
T l l T I
0 10 20 30 40 50
min

1 PDA Multi 1/214nm 4nm

< Peak Table >

PDA Chl 214nm 4nm

PeakTable C:\LabSolutions\Training1 107\LAN\BMH2-160_60min.lcd

C:\LabSolutions\Training1107\LAN\BMH2-160_60min.lcd

Peak# Ret. Time Area Height Area % Height %
1 17.732 11858354 469881 49.932 53.081
2 20.160 11890636 415336 50.068 46919
Total 23748989 885216 100.000 100.000

1/18/2018

1/1  C:\LabSolutions\Training1107\LAN\BMH2-160_60min.lcd
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1/18/2018 1 786 Chlral 1/1

flow rate 0.5 mL/

UCDAVIS Department ot Chemistry
==== HPLC Analysis Report ====

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

C:\LabSolutions\Training1107\Blanka\BMH-2-159b.Icd

: Admin

: BMH-2-159

: BMH-2-159

1

14

:7uL

: BMH-2-159b.lcd

: OD-99_1_Hexane_IPA_45min.lcm
: BMH 2-159_161b.Icb
: UCD Default.lcr
:5/6/2016 10:54:09 AM
:5/6/2016 3:35:02 PM

<Chromatogram>
C:\LabSolutions\Training1107\Blanka\BMH-2-159b.Icd
mAU
2 PDA Multi 1
1 <
o]
500+
250
) ©
| R
(o]
07
‘ — T T T T T T T
0 5 10 15 20 25 30 35 40
min

1 PDA Multi 1/217nm 4nm

< Peak Table >

PDA Chl 217nm 4nm

PeakTable C:\LabSolutions\Training1 107\Blanka\BMH-2-159b.lcd

C:\LabSolutions\Training1107\Blanka\BMH-2-159b.Icd

Peak# Ret. Time Area Height Area % Height %
1 8410 7387065 565215 94.033 95.285
2 9.798 468727 27967 5967 4.715
Total 7855792 593182 100.000 100.000
1/18/2018 1/1 C:\LabSolutions\Training1107\Blanka\BMH-2-159b.Icd
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flow rate 0.5 mL/ min


5/24/2018 C:\LabSolutions\Training1107\Lws\LWSII_101_OD_99.5_0.5B.lcd

178f achiral

UCDAVIS Department ot Chemistry

HPLC Analysis Report

C:\LabSolutions\Training1107\Lws\LWSII_101_OD_99.5_0.5B.lcd

Acquired by : Admin
Sample Name 1
Sample ID 1
Tray# 1

Vail # 162
Injection Volume 210 uL

Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

: LWSII_101_OD_99.5_0.5B.Icd

: OD-98_2_ Hexane_IPA_35min.lcm
:4-16-18.Icb

: UCD Default.lcr

: 5/23/2018 8:13:35 PM

: 5/23/2018 8:48:36 PM

<Chromatogram>
C:\LabSolutions\Training1107\Lws\LWSII_101_OD_99.5_0.5B.Icd
mAU
1000+ 5 PDA Multi 1
1 7
750 %
1 @
B [«2]
500
250-
OJ\/\/JUVJ
I I \ \ \ \ \
0 5 10 15 20 25 30
min

1 PDA Multi 1/215nm 4nm

< Peak Table >

PDA Chl 215nm 4nm

PeakTable C:\LabSolutions\Training] 107\ALws\LWSII_101_OD_99.5_0.5B.lcd

5/24/2018

Peak# Ret. Time Area Height Area % Height %
1 6.051 8444380 961915 50.535 60.362
2 9.361 8265497 631650 49.465 39.638
Total 16709878 1593565 100.000 100.000

C:\LabSolutions\Training1107\Lws\LWSII_101_OD_99.5_0.5B.Icd
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5/24/2018 1/ *C:\LabSolutions\Training1107\Lws\LWSII_99_OD_98 2B.lcd

178f chiral

UCDAVIS Department ot Chemistry

HPLC Analysis Report

C:\LabSolutions\Training1107\Lws\LWSII_99_0OD_98_2B.lcd

Acquired by : Admin
Sample Name 1
Sample ID 1
Tray# 1

Vail # : 61
Injection Volume 210 uL

Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

mAU

: LWSII_99_OD_98_2B.Icd

: OD-98_2_ Hexane_IPA_35min.lcm
:4-16-18.Icb

: UCD Default.lcr

: 5/23/2018 7:02:58 PM

: 5/23/2018 7:37:59 PM

C:\LabSolutions\Training1107\Lws\LWSII_99_OD_98_2B.Icd

1250

PDA Multi 1

9.348

6.066

I \ \ \ \ \
5 10 15 20 25 30

min

1 PDA Multi 1/215nm 4nm

< Peak Table >

PDA Chl 215nm 4nm

PeakTable C:\LabSolutions\Training] 107\ALws\LWSII_99_0OD_98_2B.lcd

5/24/2018

Peak# Ret. Time Area Height Area % Height %
1 6.066 1580582 190838 8.403 13.194
2 9.348 17229527 1255613 91.597 86.806
Total 18810109 1446451 100.000 100.000

1/ ‘C:\LabSolutions\Training1107\Lws\LWSIl_99 OD_98 2B.lcd

PDF created with pdfFactory trial version www.pdffactory.com

180



4/13/2018

1789
achiral

1/1 C:\LabSolutions\Training1107\Lws\LWSII_87_OD_98 2.Icd

UCDAVIS Department ot Chemistry
HPLC Analysis Report

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

C:\LabSolutions\Training1107\Lws\LWSI|_87_OD_98_ 2.lcd

: Admin

1

1

1

131

10 uL
:LWSII_87_0OD_98 2.lcd
: OD-98_2_Hexane_IPA_35min.lcm
1 4-9-18.Icb

: UCD Default.lcr

1 4/12/2018 6:30:58 PM

1 4/12/2018 7:05:59 PM

<Chromatogram>
C:\LabSolutions\Training1107\Lws\LWSII_87_OD_98 2.lcd
mAU
1 e PDA Multi 1
J >
©
500 o
8 P
=
250
NN
\ \ \ \ \ \
0 5 10 15 20 25 30
min

1 PDA Multi 1/237nm 4nm

< Peak Table >

PDA Chl 237nm 4nm

PeakTable C:\LabSolutions\Training1 107\Lws\LWSII_87_OD_98_2 lcd

Peak# Ret. Time Area Height Area % Height %
1 6.970 6786552 625100 51.038 61.372
2 10.532 6510558 393434 48.962 38.628
Total 13297110 1018534 100.000 100.000

4/13/2018

1/1 C:\LabSolutions\Training1107\Lws\LWSII_87_OD_98 2.Icd
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 178g achiral


1789

4/17/2018

chiral

1/ ‘C:\LabSolutions\Training1107\Lws\LWSII_87_0OD_98_2B.lcd

DAVIS Department ot Chemistry
HPLC Analysis Report

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

C:\LabSolutions\Training1107\Lws\LWSII_87_0OD_98_2B.lcd

: Admin

1

1

1

133

210 uL
:LWSII_87_OD_98 2B.Icd
: OD-98_2 Hexane_IPA_35min.lcm
1 4-16-18.Icb

: UCD Default.lcr

1 4/16/2018 4:03:35 PM

1 4/16/2018 4:38:38 PM

<Chromatogram>
C:\LabSolutions\Training1107\Lws\LWSII_87_OD_98_2B.Icd
mAU
300 5 PDA Multi 1
: 2
200
100+
A N
1 2
0 7 #\L‘ )
T I I l l I
0 5 10 15 20 25 30
min

1 PDA Multi 1/230nm 4nm

< Peak Table >

PDA Chl 230nm 4nm

PeakTable C:\LabSolutions\Trainingl 107\Lws\LWSII_87_OD_98_2B.lcd

Peak# Ret. Time Area Height Area % Height %
1 6.947 3023143 293915 90.188 93.753
2 10492 328909 19583 9.812 6.247
Total 3352052 313498 100.000 100.000

4/17/2018

1/ ‘C:\LabSolutions\Training1107\Lws\LWSII_87_OD_98_2B.Icd
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