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ABSTRACT

This dissertation focuses dhe development ofnovel methods fomnickek
catalyzedC-alkylation of nitroalkanes and mechanistic studies of them. Nitroalkanes
are versatile intermedisgeand can be used in a variety @i C bondforming
transformationsThey can also beonvertedto otherusefulfunctional groups such as
amines and carbonyl€-alkylation of nitroalkanes with alkyl halidefiowever,has
been challenging due to competi@ealkylation. Our group has contributed to salyi
this centuryold problemby utilizing transitiormetal catalysis.

In chapter 1, | will describe the developmenttiwé first general alkylation of
nitroalkanes with unactivated alkyl iodides by using a nickel catalyst and deatleyl
as external reduaht. Thee conditiors proved to be general for a variety of
functionalized primary, secondary, and tertiary alkyl iodides, as well as primary
nitroalkanes, providing the alkylated product in good yields. Preliminary mechanistic
studies point to a radicélased mechanism.

In chapter 2, | will discusgshe development of photoredoxtkel dual
catalyzed alkylation of nitroalkanes with alkylalldes. The main limitation of
nickeldiethylzinccondition was the low reactivity of secondary nitroalkanes. The new
method proved to be general for nitromethane, primanygd more importantly
secondary nitroalkaness well asall classes of alkyl halides. Moreover, the novel

method is quitaobust, allowing the reaction to be conveniently waderair. With

this method,synt hetically <challenging te+tiary

tertiary amines can be accessed.
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In chapter 3, | will describe our efforts towards understanding the mechanism
of the photoredoxfickelcatalyzed alkylation of nitroalkanes. Sesleappr@ches,
such as kinetic studiesacemization studies, radical clocks, etc. were taken to study
the preliminary steps of the reaction. These effeetsilted in a better understanding
of the reaction andlemonstratedhe complexity of the mechanism. Ultiret, we
have proposed a novel mechanism for this transformation that will be further
examined by computational studieshenear future.

Finally, in chapter 4, | will discuss theevelopment of the photoredoxkel
dualcatalyzed asymmetric alkylatonfo ni t r o al k-hroneoketones.i t h
Previously, our group disclosed the asymmetric alkylation of nitecalle s wi t h
bromoamides, using nickel catalysi$he novel method expands the scope of
el ectrophi |l es a nandrokptoneswithdy@d ciral ofdiasteseoando b
enantieselectivity. These products can be elaborated to biologically relevant amines

and alcohols.
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Chapter 1

NICKEL -CATALYZED C-ALKYLATION OF NITROALKANES WITH
UNACTIVATED ALKYL IODIDES

1.1 Introduction

Nitroalkanes are versatile reagentsarganic synthesis. Although they are
mostly used as masked amines, but they can be utilized in a variety of other
transformations. Due to strong anistabilizing effect of nitro group, thetprotons
are quite acidic (pKa 10 in water) and can be deprotonated with mild bases. The
resulting nucleophilic nitronate anion can be coupled with diverse electrophiles to
forge C-C bonds. There are several wkliown and weldeveloped transformatiorms
nitroalkanes Figure 1.1) such as, Henry reactions (addition to carbonyls and imines,
1.2),Y"4 Michael additions (addition to conjugated doubtends,1.3),>%" palladium
catalyzed arylations (addition to aryl halideis4),®*® and Tsii-Trost allylations
(addition to allylic electrophiles].5).}4® These have been thoroughly studisad

wonbét be el aborated in this manuscript.
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Buchwald Arylation lAr—X
NO,
Ar)\R
1.4
Figure 1.1 Well-Known Reactions of Nitroalkanes

As mentioned, nitro group is mostly known as a precursor to amines. This is

because of facile redtion of nitro to amine with a plethora of available methotfs.
23 This further adds to the value of nitroalkanes as starting from simple starting
materials, complexitroalkanes can be synthesized via nucleophilic nitronates; and
finally be converted to biologically relevant amines. This strategy has been
extensively used in synthesis of natural products and pharmacetfti¢als.

Another useful reaction of nitro group is its conversion to carbonyl
functionality Figure 1.2). First noted by Nef in 189%, the treatment of nitronate
anions with a strong acid results in formation of carbonyls and nitrous acid through
hydrolysis3® 33 Alternatively, reducing (e.g. Ti€l and oxidizing reagents (e.g.

Oxone, KMnQ) can be used to bring about the fojgsis step®343°This reaction is



noteworthy because of itdiity to change a nucleophilic group (nitronate) to an

electrophilic counterpart (carbonyl); which allows for interesting disconnections in the

synthesis of complex molecul&s.

+
O‘ltl’o H O\f\rj’OH hydrolysis 0
Nef ﬂ\ —» J\ —_— > R1JLR2
Reaction R17OR2 R R2
1.6 1.7 1.8
O4-° Oxone o
Alternative ﬂ\ —_— ) )
Methods R1NR2  orTiCls R" 'R
1.6 1.8
Figure 1.2: Nef Reaction and Related Reactions

Finally, nitroalkanes can beeductively converted to alkanes by radical
chemistry Figure 1.3).23838 The facile removal of the nitro group allows it to be used
as a traceless functional group in the synthesis of complex moléeulémse

reactions generally have good functional group tolerance which further adds to their

value.
51\02 nBuSnH, cat. AIBN j'\
R'g2 R® R'R2 R®
1.9 1.10
Figure 1.3 Radical Denitration of Nitroalkanes
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Figure 1.4. Summary of Conversion of Nitro Group to Other Functional
Groups

Surprisingly, the reaction of nitronate anions with alkyl halides to provide
alkylated nitroalkane remained elusive for a long time, dueetantininsic reactivity of
nitronates with this class of electrophiles and the predominance of und€sired
alkylation overC-alkylation. Although several attempts to solve this problem were
reported in last century, practical and efficient methods @salkylation of
nitroalkanes with alkyl halides were not been developed until very recently which will
be discussed later in this chapter.

Considering nitroalkanesdé rich and ver
and convenient methods for alkylation of aélkanes with alkyl halides had been felt
more than ever. Alkylation of simple nitroalkanes would provide opportunities for
synthesis of more complex nitroalkanes while preserving the nitro functional group.
These products could further be utilized in ®tugent alkylation or aforementioned

reactions to generate complex and synthetically challenging moleEidesg 1.5).
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R2 = Alkyl
X = Halide
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Denitration Reduction Nef Reaction
Figure 1.5: Introduction of Complexity to Nitralkanes with Alkylation

Therefore, our group started the investigation in alkylation of nitroalkanes
with alkyl halides and in the past several years, we have made great progress in
solving this centurpld problem. In this chapter and the following clempt | will

address my contributions in addition to previous attempts toward nitroalkane

alkylation.

1.2 Previous Attempts onAlkylation of Nitroalkanes

1.2.1 Hass and Bender Observations
Nitronate anions have two nucleophilic sites: oxygen and carbon. Unlike other

stabilized anions, such as dRarbonyl reagents and related functional groups, the



reaction of nitronate anion4.@) with alkyl halides proceeds through an2Seaction

of nucleophilic oxygen on the electrophile. This leads to the formation of uastabl
nitronic esters X.22, which decompose to form carbonyls (from alkyl haliie1)

and oximes (from nitronatel,.23 (Figure 1.6). This mode of reactivity has been
noted as early as 190822 Although this is interesting on its own and has been
utilized;*® nucleophilic attack on carbon would be much more valuableG€ dond

is formed and the nitro group remains intact for further manipulatib@4)

O-Alkylation: Inherent Reactivity

C-Alkylation: Does Not Work

o. +€6_ C‘X NO;
| + ( %» RZ3 —— further utilization
R1b3 Rgi\/ > of nitro group
1.6 1.21 1.24

Figure 1.6: O-Alkylation versusC-Alkylation of Nitroalkanes

The reaction of nitronate anions with alkyl halides was first systematically
studied by Hass and Bender in 194 In this study, the reaction of the sodium salt
of 2-nitropropane 1.25 with benzyl halides was monitored for the formatiorOefor
C-alkylated products. Surprisingly, only in the casepafitrobenzyl chbride (1.26),
C-alkylated productX.27) was obtained in 83% yieldrigure 1.7). However, with all



other eight examples, only the corresponding benzaldehyde was obtained, through the

proposed mechanism kgure 1.6.

O NO,
EtOH
)\ Na * Me Me
O5N

1. 25 2 1.27, 83%

Figure 1.7:  C-Alkylation of 2-Nitropropane withp-Nitrobenzyl Chloride

1.2.2 Kornblum Studies

The mechanism dE-alkylation of nitronate (and other stabilized) anions with
p-nitrobenzyl chloride (and other electredeficient electrophiles) was extensively
studied by Kornblum which led him to propose a radical chain mechaFiguoré 1.
8).4648 |n this proposed mechanism, electron transfer from nitronaten ghi6) to
electrondeficient p-nitrobenzyl chloride 1.26) forms a benzyl radical anionl(28
which will lose chloride to form a benzyl radicdl.29. This can react with nitronate
anion (.6) through radicahnion coupling. The resulting radical anispecies 1.30
losesthe extra electron to another molecule pafitrobenzyl chloride to form the

product (.27) andcarry on the chain.



Cl electron Me Me
transfer 1.6
O,N

Figure 1.8: Proposed Radical/ Anion Coupling Mechanism

1.3 Methodsfor C-alkylation of Nitroalkane s

1.3.1 Seebacldo Method

Realizing the lack of methods for nitroalkane alkylation, Seebach discovered in
1977 that dianion of primary nitroalkaneks32 produced by treating the nitroalkane
with two equivalents oh-butyl lithium ati90 °C, favorsC-alkylation with alkyl
halides Figure 1.9).4%5! The optimal solvent was found to be a mixture of THF and
carcinogenic HMPA. Moreover, careful workup includingmming up over 14 hours
and treatment with acetic acid was necessary to minimize the hydrolysis of the anionic
products. Although providing proof of concept, the method is far from ideal due to

harsh conditions, demanding reaction procedures, and lintitge s



Figure 1.9:

o_\’«\],,o
o

1.31

2 equiv BulLi O\ﬁ,O 1) R-X NO,
! Et R
THF/HMPA Et” =  2)slow warm up,
-90 °C then AcOH
1.32 1.33, 35-80%

Seebachdés Al kyl ation of Dianionic

132 Katritzkydés Met hod

Exploring the reactivity of alkyl pyridinium1(37 and quinolinium salts

(1.34), Katritzky reported theC-alkylation of nitroalkanes with these reagerts?

Pyridinium and quinolinium salts are prepared in several steps from corresponding

chalcones and ketones. Treating excess nitramigitethem in DMSO leads to product

formation Figure 1.10). In later studies, Katritzky proposed a rdmain radical

mechanism involving the transfer of electron from nitronate anion to pyridinium

salts>* The reported scope, however, does not demonstrate any functional group

compatibility. Moreover, the poor atom economy and the arduous synthesis of starting

materials detract from thdility of the transformation.

N i



Ph _
CF4CO, - -
0.+ .0 NO
| N + NI DMSO, 50 °C /\)\ 2
+ —_—
N~ tBu Na Me Me Me
K/Me
1.34 1.35 1.36, 75%
Ph
BF4 0.+.0
| . N7\ EOHBC
+2
Ph” ~N” “Ph Ny ~"No,
Ph
1.37 1.38 1.39, 74%

Figure 1100 Katri tzkyodos Al kylation of Nitroal kar

133 Russell 6s met hod

Recognizing the importance of freadical chain nucleophilic &stitution
(Srn1) process, Russell discovered that the mixture of alkyl mercury $aid and
nitronate anions1(41) will form the C-alkylated productX.42 when irradiated by

light (Figure 1.11).°>°® He suggested a radiealh ai n mechani $an

reaction showed the characteristicsadfee-radical chain process. Not only was the

reaction inducedby light, but t was completely inhibited by 5mol % dk

tertbutylnitroxide . Whil e providing &eaealaitrcalkartes

and

rn

ster

(such asl.42), the reaction is not practical due to the toxicity and waste management

issues of stoichiometric alkyl mercury reagents, as well as the need for UV light.

O/HQCI _o\+N o, DMF, hv NO,
+ - —_
| Li B Me
e Mo 47 °C, 34 h WY
1.40 1.41 1.42, 76%

Figure11l Russell 6s Al kylation of Nitroal

1C

kanes



1.3.4 Branchaud method

Taking advantage of gg1 chemistry and as a folleup on his work on
Minisci-type reaction of alkyl cobalt reagents.43,%’ Branchaud disclosed a novel
method forC-alkylation of nitroalkang in 1988 Figure 1.12).°® With a somewhat
similar condition to Russell 6s method,
generates a radical that will take part in alkylation of nitronate anions. He, however,
favored a norchain radical mechanism based on the single electron reduction
potential of the releaseé8o(l1)(dmgHYpyr radical versus fo(Il)(dmgHepyr (1.43.
This radical should act as a chain terminating species, thus favoring thehaian

radical mechanism.

ot
N
+ | N02
CSH17/\/CO(dmgH)2Py 10 equiv Na “Me >  CoH Me
10H21
-15 °C, EtOH/H,0, hv
1.43 | 1.44, 83%
s
_H.
‘ 0
Me—_N A N—_-Me
Co(dmgH),Py = M Z‘N’CON—Z
€ O/ d Me
Py

Figure 1.12 Br a n c h a datioh ef Nikdalkapes with Alkyl Cobalt Reagents
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1.4 Copper CatalyzedC-Alkylation of Nitroalkanes

1.4.1 Benzyl Halides

Recognimng the paucity of available methods for alkylation of nitroalkanes,
and the need for more efficient and practical methods, our labdiaktestigating the
alkylation of nitroalkanes with readily available alkyl halides, using transitietal
catalysis. The idea stemmed from the fact that from the four methods discussed above,
three proceed through radical mechanisms. Moreover, nitraratms have been
shown to react with free radicals at rates faster than radical addition to sfr&hes.
Additionally, it is known that firstow transitioametal mediated abstraction of halides
from alkyl halides generates free radicii8® Combining these ideas inta
hypothesis, Dr. Peter Gildner studied the reaction of benzyl bromide with 1
nitropropane using transition metals as catalysts. After careful examination of different
catalytic systems, he discovered conditions involving CuBr and a diketimine ligand
(namac,1.47) that provided the best selectivity and yields. The scope of the reaction
was shown to be broad; a variety of functionalized benzyl bromides and nitroalkanes

can be coupled to form complex produdst@51, Figure 1.13).%4

12



20 mol % CuBr Me Me
NO, 25 m0I°t/o1.47 NO, @[N HNKJ
A s A A ve I A, M
l\ﬁe Z Me ©

Ar\/Br + R1 R2

R1
hexanes, 60 °C
1.45 1.14 1.46 1.47
e A1 AL
Ph CO,M
)\)\ MeO 2Vie
2
1.48, 82% (2.5 g scale) 1.49, 83% 1.50, 66% 1.51, 53%

Figure 1.13. Coppercatalyzed Benzylation of Nitroalkanes

1.4.2 U-Bromocarbonyls and U-Bromonitriles

The discovery of the Cu/nacnac system, prompted my colleagues to examine
other classes of electrophiles. Interestinglibromocarbonylswere found to be
reactive under similar condition, providing access to steriemlbumbered and highly
s u b st i-ritrodarbodyl doducts1(5457, Figure 1.14).%° This is particularly
i mportant a s - oir mitmcasbortyls, sher¢ is a paucity of methods for
pr epar aitnirazarbongl fcomfpounds. Furthermore, these compounds can be
conver tando dcids afd other related functional motives wikblogical

importance.

13



20 mol % CuBr Me Me
0,
0 NO, 25 mol t/o 1.47 o NO,
Br 4J\ 5 NaOBu R5 M
R! * R R R e P Me
R? R3 solvent, 40-80 °C R? RN e Me
1.47
1.52 1.14 1.53
)%Et Me NO2
MeO CO M
Me Me M EtHN 2 e
Me Me Me Br Me Me
I 1.54,81% 1.55, 73% 1.56, 71% 1.57, 41%

Figure 1.14. Coppercatalyzed Alkylation of Nitroalkanes with-Bromocarbonyls

With the same catalytic conditior}oromonitriles can also be used as

electrophiles yieldig products with high nitrogen conterit§0-63).%° These products

can be further transformea tother important motives such as -tljamines or 5

aminoisoxazoles through selective reactions of nitro or nitrile groups. The preliminary

mechanistic data suggests that these copgiatyzed reactions proceed through a

single-electron mechanism by alksadical generation.

20 mol % CuBr Me Me
25 mol % 1.47
NO; NO, Q[ j@
t
NC?(? + R3J\R4 meo B NC%? Me U\ Me
RTR solvent, rt-50 °C rT R2R Me Me
1.58 1.14 1.59 1.27
O/‘\ O)\M /©)k~v)\/ Br N
CN
1.60, 93% 1.61, 82% 1.62, 87% (51:49) 1.63, 41%

Figure 1.15: Copperc at al yz ed
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1.5 Unactivated Alkyl Halides

The copper catalytic system showed to be exceptionally active with
aforementioned classes of electrophiles. In all cases, however, the presence of adjacent
radical stabilizing groups on the alkyl halide counterpart was required. Alkyl halides
lacking radical stabilizing groups fail to provide useful yields with the standard
condition Table 1.1, entry 1). One could imagine that by eliminating the radical
stabilization requirement, the scope of the nitroalkane alkylation could be vastly
expanded, providing access to exceptionally more complex hitnoes. Notably, in
addition to Cu/nacnac system, other catalytic conditions involving copper and
different types of nitrogerand phosphoroudsased ligands proved to be ineffective in
cross coupling of a simple unactivated alkyl iodide with nitronate anias can be

seen inTable 1.1.

Table 1.1:  Effectiveness of Copper with Unactivated Alkyl lodides

20 mol % CuBr
25 mol % ligand

N2 1.2 eqiuv NaO'B NO2
N NG N WOEt .2 eqiuv NaO'Bu g PhMOEt
benzene, 60 °C, 24 h 3
1.64 1.65° 166 ©
. Yield of . Yield of
Entry Ligand 1.66 Entry Ligand 166
; Me Mej ;
v Nl 0 \_/ \_/ 0
1 Mg AN AL, e 0% 6 NN 0%
1.47
Z Ph Ph
N N 0 N N 0
2 p} 167 p e 7 ME ey W Lo
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Me Me
0 o Ph.,.Ph
1] 1
3 § N‘\) 0% & T 0%
o . e 6 1.73 )
Ph. _Ph
\ ’\{ }\l / l?/\/\FI,
4 1.69 0% 9 Ph Ph 0%
1.74
~
NS 9
5 o i 0%
1.70

240 mol % was used.

Therefore, we decided to investigate other transition metals, particularly
nickel, in order to discover a generatatgst for this highlyneeded transformation.
The plethora of literature suggests nickel has great potential in catalyZisg’dmpond
formation (seel.6).52%3Moreover, while investigating the benzylation of nitroalkanes,
Dr. Gildner observed product formation with nickelsed catalytic systems, afpn
with considerable benzaldehyde formatidfigtre 1.16). Although copper/nacnac
conditions proved to be superior to nickelsed conditions in the benzylation of
nitroalkanes, the product formation under nickel conditions fughpported studying
nickel catalysis for alkylation of nitroalkanes with unactivated alkyl halides in more

depth.
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10 mol % Ni(COD),

12 mol % 1.76
NO, 1 equiv KO'Bu NO,
+ K/Me > Me * H
Br dioxane

70 °C O
1.75 1.31 1.77, 12% 1.78, 24%
UNHZ
“'NH,
+1.76

Figure 1.16. Effectiveness of Nickel in Benzylation of Nitroalkanes

1.6 Nickel-catalyzed Crosscouplings of Unactivated Alkyl Halides

Being on the same group with palladiuimarguably the most important
transition metal in organic catalysisnickel shares some of the characteristics of
palladium with the advantage of significantly laweosts. With the increasing
knowledge of transition metal catalysis and improved ligands, nickel has been used as
an efficient catalyst in reactions which mainly utilize palladium, such as Suzuki cross
couplings®” One notable difference between firstv transition metals and the others,
is their abilityto easily access a number of oxidation states through sstegteron
steps. The majority of Rdatalyzed reactions proceed through -®lectron pathways
based on P8-Pd" cycles. Similarly, NP-Ni" cycles are known. However, the
facile accessility of Ni®"-Ni"" cycles, particularly withC-sp® substrates, allows
novel modes of reactivity and mechanisms. Although palladium catalysis is highly
effective with sp? carbons; riaditionally, one of the main limitations has been the
utilization of sp carbons due to the prevalence hydride elimination. Nickel,
however, has been successfully used withcspbons as the tendency fohydride

elimination can be greatly suppressed by judicious choice of ligands and reaction
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conditions??®3 In this section, | will briefly mention the grousiteaking reports in

nickel catalyzeaeactions of unactivated alkyl electrophile.

16.1 Knoc hel 06-ypelCwgscoaphng

In 1998, a seminal work by Knochel described the ecosgpling of two sp
centers, namely dialkylzinc reagents with unactivated alkyl iodiBgie 1.17).%8
Previously, the alkyl halide counterpart needed the presence>-oledin for good
yields. The olefin supposedly coordinates intramolecularly with nickel and stabilize it.
To eliminate this requirement, a systematic study of ketone and olefiatalytic
additives was donan-Trifluoromethylstyrene 1.81) was found to have exceptional

activity and completely suppress the undesired iodine/zinc exchange.

0 10 mol % Ni(acac), 0

| THF/NMP, -35 °C _
= 4+ [PVO(CHp)slpZn > \\ , OPiv
\_s FsC N S
1.79 1.80 0.2 equiv \©/\ 1.82, 70%

1.81

Figure 1.172 Kn o c h e | 06-type Nresgcouplihg

1.6.2 Kambe ds Hypeeossaoupling

A few years later, Kmbe reported a new catalytic condition for crosspling
of alkyl halides and tosylates with alkyl Grignard reagents using catalytic, NiCl
(Figure 1.18).5%79 Addition of 1,3butadiene 1.85 was found to b@ecessary for the

success of the coupling. Interestingly, the intermediacy of radicals was ruled out based

18



on the reactivity of alkyl tosylatesl. 83, and the fact that no rirgpening of

cyclopropylmethyl bromide was observed.

1 mol % NiCl,
THF, 0 °C Ph. _Me
Phe~0oTs + EtMgBr ———— 3 ‘M’3
1.83 184 03equv ANF 186 87%
1.85

Figure 1.18 Ka mb e 6 s -type Gnasstaipling

1.6.3 Fu 0 s Ntgg Craesscoupling

Having developed a palladidoatalyzed Negishi crossoupling of primary
electrophiled?! in 2003, Fu reportkthe nickelcatalyzed Negishi reactions of primary
and secondary unactivated alkyl halidggggre 1.19).”> This was particularly
important as the metahktalyzed reactions of secondary eledtitgs (L.87) had been
a longstanding challenge. Unlike in palladibvcatalyzed condition,b-hydride
elimination was minimal with nickel which allowed the use of secondary
electrophiles. Moreover, this opens the possibility of enantioselective reactiorts whi

Fu group and others exploited in following ye&¥s.

4 mol % Ni(COD), |

' Brzn__Ph  8mol % 1.89 Ph N 0
+ ~ | |
3 > 2 N N\)
DMA, rt /

1.87 1.88 1.90, 88% SBU 1.89

Figure 119 Fu 6 s NypgGCrasdtoupling
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The next breakthrough was the developmerasyimmetric crascoupling of
sec 0 n d abrognaanides(1.91) with organozinc reagentfl.92 (Figure 1.20).73
Similar to previous report, a Pybox ligantl.93 was found to be optimdbr the

transformation.

o) Q 10 mol % NiCl,-glyme o 0
Bn{ Et 13 mol % 1.93 Bn
,}1)1\( + BI‘ZHVN (. 4N
Ph Br 45 THF/DMI, 0 °C Ph  Et 5
1.94, 51%
1.91 1.92 % | 6% o6
—\ 0 | SN | o]
Me’Nm/N‘Me <_/N N\g
0 iPrE 1.93 Pr
DMI
Figure 1.20: Enantioselective Negishi Cre&oupling
I nterestingly, t he new c a-bramanidesc syst

despite having similarities to their previous rasymmetrical method. When both
types of el ectrophil es -frommaaicd werauseddn al k vyl
the reaction, onlyJ-bromaamideunderwent alkylation.

I n next several years, Fuds group were
partner to alkyl boron, silicon, and magnesium reagents by using similar nickel
catalyzed method$. Moreover, theyhave done extensive mechanistic investigations
to understand the preliminary steps involved in the catalytic cycle which will be

discussed ichapter 3
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164 Wei x0s Reducouplinggce Cr oss

Although the nickekatalyzed reductive hommoupling of aryl halidesvas
reported by Kumada a few decades &gsiyccessful reductive cressupling was a
standing challenge. Whereas most metdhlyzed crossouplings use organometallic
nucleophile and organohalides, Weix reported a new approach forcongsiéngs of
alkyl halides with aryl halides by utilizingickelcatalysis and stoichiometric metal
dust (Zn, Mn) as reductanFigure 1.21).”® This is particularly advantageous as it
eliminates the synthesis of organometallic compounds which are commonly made
from the corresponding organohalides under anaerobic conditions. Interestingly, the
original conditions required the addition of two separate ligands for good vyields, a
bipyridine (1.97) and a phosphine ligand..08. To explain this requirement, the
authors suggested the presence of two distinct nickel catalysts in the catalytic cycle.
They later studied the mechanism of the reductive coupling in more detail which will
be furtherdiscussed irthapter 3 The reductive coupling has been recently expanded
by Weix to homecoupling of alkyl and aryl electrophiles, as well as cromgplings

of aryl halides with aryl triflate§” 8!

10.7 mol % Nil,-nH,0

/ Br 5 mol % 1.97 CeHyr
5 mol % 1.98 J
N + CsH17| N

Ac 10 mol % Py Ac
1.95 1.96 2 equiv Mn, DMPU 1.99, 77%
By 'Bu ©:Pph2
77—\ PPh
\_/ 7 2
1.97 1.98

Figure 1.21: Wei x 6 s Re d-gsoupgligve Cr oss
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1.7 Identification and Optimization of Alkylation of Nitroalkanes with
Unactivated Alkyl Halides

The success of nickelatalyzed crossouplings of unactivatedlkyl halides,
as wel |l as Dr. Gi |Furelrl® s bepaylationicimemistrg with r e s u |
nickel catalysis, prompted us to study nickel catalysis in more depth. My former
colleague, Dr. Vijayarajan Devannah was thistfto investigate this reaction. Using
Ni(COD). and a terpy ligand1(100, he observed appreciable product formation in
the reaction of ‘itropropane 1.31) and cyclohexyl iodide1(87) (Figure 1.22). This

further encouragedsuo investigate nicketatalysis in alkylation of nitroalkanes.

20 mol % Ni(COD),
| 20 mol % 1.100 NO,
O.N 1.1 equiv KO'Bu Me
O/ + 2N Me :
THF, rt
1.87 1.31 1.101, 14% 'Bu-terpy, 1.100

Figure 1.22: Initial Result with Nckel as Catalyst

This is where | started the investigation for identifying the optimal cromdit
for alkylation of nitroalkanes with unactivated alkyl halides. The first variable |
studied was the ligand as it has the most important effect on the catalytic activity. A
variety of nitrogerbased ligands were used with Ni(CQDA summary of the tésd
ligands can be seen Trable 1.2. The ligands that showed notable activity6, 1.71,
1.100, 1.102) have redoxactive (norinnocent) characteristics because they can act as

el ectron source (° orpi tal oebedctad eans)andr
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oxidation events on the metal. This could suggest that the reaction presumably

involves singlee | ect r on

oxidati on

changes

on

characters1(.104, 1.105 provide no productThrough thesenvestigations] quickly

identified 2,9dimethylphenanthroline (neocuproirie102 to provide highest yields.

Table 1.2:

20 mol % Ni(COD),
20 mol % ligand
1.1 equiv KO'Bu

Effectiveness of Different Ligands with Ni(COD)

NO,

dioxane, rt
1.87 1.31 1.101
Entry Ligand Yield | Entry Ligand Yield
of of
1.101 1.101
1 14% | 7 ) 8%
N N
1.71
z | __ __
2 X \N X 1% 8 /) \ /) 51%
| N N
| 2N N A Mé Me
1.70 1.102
@ Ph Ph
3 0 Xy 0 0% 9 - - 2%
L N
Ph 1.67 1.103

23

t he



OMe
Me Me H
O o N
4 ) ‘ 0% 10 0%
N N\) ‘ny
Bu arB H
1.68 g
OMe
1.104
= = Ph Ph
77—\
\ N N / H,N H
5 1.69 14% 11 2 2 0%
1.105
= = Me Me
6 \ /" N4 1% | 12 @[NH " 0%
M M |
1101 © '\’lﬁe)\)\MeMe
1.47

A variety of solvents were next examined with this ligand. Dioxane was found
to give higher yields, followed by aromatic solvents, such as benzene and toluene.
Interestingly, dichloromethane, which was a solvent aficzh for the coppenacnac

system, was completely ineffectivEable 1.3).

Table 1.3: Effectiveness of Different Solvents

20 mol % Ni(COD),

| 20 mol % 1.102 NO,
O/ L ON~,. 1.1 equiv KO'Bu - O)VMe
Solvent, rt
1.87 1.31 1.101
Entry Solvent Yield of | Entry Solvent Yield of
1.101 1.101
1 dioxane 51% 7 dichloromethane 2%
2 THF 31% 8 dimethylformamide 2%
3 diethylether 26% 9 acetonitrile 12%
4 tert-butylmethylether  14% 10 ethyl acetate 4%
5 benzene 38% 11 tert-butanol 14%
6 toluene 31% 12 hexanes 10%
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| then studied th@henanthroline ligand class in more depiakle 1.4). The
presence of methyl groups adjacent to nitrogen is necessary; ligands lacking these falil
to provide yield {.103 1.106. The steric effects seems to be have a more domina
effect, since an electronically similar ligand with 4lifmethyl substituents1(106),
but lacking 2,9substituents, does not provide useful yields. Presumably, 2,9
substituents provide a steric environment around the nickel catalyst that favors the
orientation of reactive ligands in such a way that leads to product formation.

Interestingly however, the substituents size is rather limited; using bigger
substituents such @8u had a deleterious effect on the yield107. Furthermore,
having electrordonating groups on thé'4and 7" positions 1.108 also lowered the
reactivity. Finally, | found 2,Qimethyt4,7-diphenylphenanthroline (bathocuproine,
1.72, a commercially available compound, to give the most consistent results with
different substras.

Table 1.4:  Effectiveness of Different Phenanthrolibased Ligands

20 mol % Ni(COD),
20 mol % ligand NO,

| o M
O,N 1.1 equiv KO'Bu €
O/ e’ >

1.87 1.31 dioxane, rt 1.101
Entry Ligand Yield of | Entry Ligand Yield of
1.101 1.101
Me Me Ph Ph
1 - — 2% 4 —/ \_ 2%
\ /" N7 \_ /" \—7
1.106 1.103
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MeO OMe
/ \ - -
2 N4 15% | 5 \ " N4 9%
"Bu 1.107 "Bu Me 1.108 Me
Ph Ph
D \ 7N\
3 ' N4 42% 6 NN 51%
Me 172 Me Me 1.102 Me

Despite the increase in the yield and observing catalysisad issues
reproducing the resultshich | attributedto the use of Ni(COD) The catalyst loading
(20 mol %) was also high and needed to be lowered. Moreover, Ni¢CD)
extremely airsensitive and can only be handled under an inert atmosphere. Tie be ab
to set up the reaction on the bench, we needed to use adiahtzhnickel source, i.e.

a Ni" source. Therefore,decided to investigate the reactivity ofNpre-catalysts.

Using NiBfPAd i gl y me -catadyst, thtweverpanlg trace product was
observed Table 1.5, entry 1). Apparently, nitronate anions, unlike common
organometallic nucleophiles, are not reducing enough to redut®e thli lower
oxidation staés (NI’ or Ni®) in order to initiate catalysis. Therefore, | decided to
investigate the use of exogenous reducing agents in the reaction. To reduce the
reaction setup time, the singtemponentNiBr.Ab at h o ¢ L1909, which & a (
known compound? was used. This complex is easy to prepare and handle, as well as
air-stable and nohygroscopic. It provides the same reactivity after being stored more
than 6 months on the bench.

Zinc and manganese have been commonly used in reductivecongsiings to
reduce highewralent nickel species. Polar aprotic solvents asmramon feature of

these method¥:33 These reagents, however, failed to provide detectable product with
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our condition. Unfortunately, polar aprotic solventsdiaundesiredO-alkylation via
un-catalyzed S pathway and therefore, not suitable for alkylation of nitroalkanes.
Suzuki reactions has been known to proceed with initidl Niources,
presumably through boronic acid mediated reduction of nf¢Kgsing PhB(OH),
however, only afforded traces of pradul then surveyed more strongly reducing
organometallic reagents. Remarkably, catalytic (20 mol %) amounts of diethyl zinc
showed an excellent improvement in the yield. Grignard and o#ighnon reagents,
however, were not effectivd &ble 1.5); due to their higher basicity, they possibly are
neutralized by acidic protons (such as generatedBr@s well as benzylic protons of

bathocuproine)

Table 1.5: Effectiveness of Different Reductants

10 mol % 1.109
reductant

o) S NO
Pha ! & OzN\/\)LOEt 115 equiv KOBu - PhMOEt
° MTBE/dioxane, 40 °C 3 o)
1.64 1.65 1.66
Ph Ph
4 7\
= \=
Me \Ni/ Me
Br’/ \Br
1.109
Entry Reductant Mol % Yield of 1.66
1 none - <1%
2 Zn dust 200 <1%
3 Mn Dust 200 <1%
4 PhB(OH)» 20 3%
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5 MeMgClI 20 <1%
6 BulLli 20 <1%
7 LiAIH 4 20 15%
8 EtzZn 20 76%

After identifying the optimum Ni, ligand and reductaniprice more studied
the effect of different bases on the yield in order to find the best catalytic condition. A
variety of organic and inorganic bases were surveyed and potassitbutoxide was
found to provide the highest yield3able 1.6). Moreover, a 2 to 1 mixture of

MTBE/dioxane was found to be most general for a variety of substrates.

Table 1.6: Effectiveness of Different Bases

10 mol % 1.109
o 20 mol % Ety,Zn

1.15 equiv base NO,
3

3 MTBE/dioxane, 40 °C 5
1.64 1.65 1.66

Entry base Yield of

1.66

1 EtN <1%

2 DBU 2%

3 LiO'Bu <1%

4 NaOBu 24%

5 KO'Bu 76%

6 NaOSiMe 5%

7 KOSiMe3 11%
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With the optimized condition in hand, | investigated the scope and the

limitations of the reaction.

1.8 Substrate Scope of the Alkylation Reaction

The scope of the reactigroved to be broad with respect to both unactivated
alkyl iodides and nitroalkaneg-igure 1.6). A variety of alkyl iodides were reacted
smoothly with diverse nitroalkanes to form highly substituted and complex nitroalkane
produds. Functional groups such as protected alcohhlkld), olefins (.115, aryl
halides 1.120122), alkyl chlorides and bromide4.124125), and protected amines
(1.123 are tolerated; as well as a variety of biologically relevant aromatic and non
aromdic heterocycles such as, benzothiaaol 16, indole (.117, pyrazole 1.118,
pyridine (.119, dioxolane {.124125), benzofuran.126, piperidine 1.126123
1.1261027), and thiophene1(127, among others.
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10 mol % 1.109

NO 20 mol % EtyZn
RiI + L 2 1.15equivKO'Bu
~ ,
R MTBE/dioxane
1.110 1.1 40 °C, 20-24 h
NOz O NO, O NO, O o
‘B Ph._.O 2
2 > O'Bu Ph/8{|l3u 5 ™, OFEt "
R 1.66, R =H, 73% o 0 0
11112 R = OMe. 69% 1.113, 46% 1.114, 55% 1.115, 66% (dr 1:1)
NO2 NO
Ph
< ? N__Ph NO2
(0} Et Et / \ NO, Me N O\‘v))\
S | N& | X f Et
L y e
N Ts Ph
1.116, 52% 1.117, 46% 1.118, 73% 1.119, 48%"
Br O
F O o
N NO, CbzN NO,
N NO, N NO,
Et Et
Et 4 | Et
1.120, 77% 1.121,71% 1.122, 76% 1.123,79%

0
NO, o> . 0
N NO S
x o ! O\/K KT ) e
R Et \
1.124, X = Cl, 64%2 ) Et
1.125 X = Br, 51%* 1.126, 81% 1127, 77%

@15 mol % 1.109 and 30 mol % Et,Zn. ®10 mol % additional 1.72 (bathocuproine).

Figure 1.23: Scope of Primary Alkyl lodides

Gratifyingly, cyclic and acyclic secondary and tertiary alkyl iodides reacted
well, too Figure 1.24). This allows the synthesis of sterically encumberedalikane

products that are challenging to make with other existing methbds88141).
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Unfortunately, no diastereoselectivity with digmmetric sealkyl iodides was

observed.
10 mol % 1.109 NO,
1l NO 20 mol % EtyZn 1
R?( + U 2 1.15 equiv KO'Bu R2 R4
R 4y ——————————®» R
R® R*  MTBE/dioxane R3
1.128 1.1 40 °C, 20-24 h 1.129
N02 (0] N02 O N02 O N02 O
OEt
2 5 ~ TOEt WOH ~ TOEt
MeO Me
1.130, 77% (dr 1:1) 1.131, 70% 1.132, 74% 1.133, 73%
NO, O NO, O
R 0 NO OMe
~ OEt o> ~oEt 2
RO %, Me Bu
rR=< j@/\/ © 1.135, 67%2 G, 1136, 61% (dr 56:44) 1137, 70%7
o 1.134, 75%
o
NO2 (@] > N02 O MeN02 O
/ \ ( 5 OEt OIBU f OtBu
S
1.138, 77% 1.139, 43%? 1.140, 55% 1.141, 85%

215 mol % 1.109, and 30 mol % Et,Zn.

Figure 1.24: Soope ofSecondary and Tertiaddkyl lodides

The scope of nitroalkanes is also brokaygre 1.25). Functional groups such
as olefins 1.149, acetyl protected alcohold.(48, esters 1.149, Boc and Phth
protected aminesl(150151), and nitriles {.152 proved to be compatible. Although
nitroalkanes bearing ketone functionality provided low yields, acetal protection of the

ketone greatly improved the reactivitl.146.
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10 mol % 1.109 o
20 mol % Ety,Zn 2
1 2
RYI NO2  115equivKOBU R
+ L i e R3
R? R®  MTBE/dioxane R2
1.142 1.1 40 °C, 20-24 h 1.43
o)
F.C N02 NOZ
3 wz P e
X
3 3 0~ "o
Me O _/
CF; 1.144, 78% 1.145, 68% 1.146, 65%
OMe NO, NO,
O)\/\/OAC O)\/\'(OtBU
1.147, 70%2 1.148, 72%" 1.149, 77023
o)
NO, NO, NO,
O)\My,/\NHBoc N O)\/\\\N
4
o}
1.150, 83% 1.151, 60%" 1.152, 34%

@15 mol % 1.109, and 30 mol % Et,Zn. ®10 mol % additional 1.72 (bathocuproine)

Figure 1.25. Scope of Nitroalkanes

Interestingly, some starting materials that contained a Lewis basic functional
group adjacent to the reacting carbon provided low yields with the standard condition
(1.119 1.148 and1.15]). One possible explanatiaould be as follows: Lewis basic
atom can coordinate to Ni catalyst and form chelates that slow down the reactivity. On
the other hand, the use of2F leads to formation of Lewis acidic zinc salts in the
mixture that could potentially compete with nickdébr binding to ligand
(bathocuproine) and therefore, decrease the active catalyst concentration. The slower
reaction rate with Lewis basic containing substrates would result in lower yields due to

catalyst deactivation happening in faster relative rates.
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| hypothesized that by adding additional ligand (bathocuproine), the
detrimental zinc salts can be sequestered via ligand chelation, and one deactivation
pathway of the nickel catalyst be eliminated. Indeed, by addition of 10 mol %
additional bathocuproe (1.72 to the reaction mixture, the same substrates now
provide good yields.

Overall, the Nicatalyzed condition shows wide scope and good functional
group tolerance. A variety of functionalized primary, secondary, and tertiary alkyl
iodides are reactevin the system, as well as diverse array of primary nitroalkanes.
One main limitation of this method is the low reactivity of secondary nitroalkanes that

will be discussed in chapter 2.

1.9 Preliminary Mechanistic Studies

The mechanisms of nickehtalyzedreactions have been shown to be diverse,
involving both singleand tweelectron pathway%’:248° The reaction of alkyl halides,
however, most commonly proceed through sirejéetron mechanisms. Based on
these studies, we suspected the nicieghlyzed alkylation of nitroalkanes also
involves radical generation.

To examine this hypothesis, first | added TEMPO ((2,2,6,6
tetramethylpiperidirl-yl)oxyl), a known radical inhibitot?°'to the reaction mixture.

This resulted in no product formation, suggesting radw@lvement Figure 1.26).
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10 mol % 1.109
20 mol % EtyZn
1.15 equiv KO'Bu
0 NO,

1 equiv TEMPO
PN OzN\/\)I\OEt » PhMOEt

MTBE/dioxane 166 O

1.64, 1.1 equiv 1.65, 1.0 equiv 40°C,24h Without TEMPO: 76% (NMR)
With TEMPO: 0% (NMR)

Figure 1.26: Tempomediated Inhibition of the Reaction

To investigate radical formation from alkyl iodides, | studied the fate of the
radical clock substrates (cyclopropylmethyl iodide andodohex5-ene) in the
reaction. If a radical forms on cyclopropylmethyl iodide, the resulting
cyclopropylmethyl radical will undergo extremely fast rFogening. A tweelectron
process, however, would &g the cyclopropyl ring intaét.

Using cyclopropylmethyl iodide as the starting ematl, only the ringopened
coupled product was observed.i54 Figure 1.27) which suggests the radical

formation on starting alkyl iodide.

15 mol % 1.109
30 mol % Et,Zn

@)

|>— | /\/@O> 119 eauv OB \/\)Niz/@ >
X

+ O,N o) (0]

MTBE/dioxane
1.1 equiv 1.153, 1.0 equiv 40 °C. 24 h 1.154, 64%

’lg‘—,\'—>/\/.

Via
[ k=1.3x108 s

Figure 1.27: Ring-openingof Cyclopropylmethyl lodide
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Similarly, with l-iodohex5-ene only cyclopentylmethylated nitroalkane
product is obtained, which supposedly forms through-ciogure of the free alkyl

radical (L.155 Figure 1.28).

15 mol % 1.109
30 mol % Et,Zn

O,N o}

MTBE/d|oxane
1.1 equiv 1.153, 1.0 equiv 40 °C, 24 h 1.155, 60%

el

=1. 0x1o5

Figure 1.28: Ring-closure of Slodo-hex1-ene

Third, radical generation should obliterate the stereochemical information of a
secondary or tertiary alkyl iodide starting material, since alkyl radicals are mestly
type and their singhpccupied molecular orbital (SOMO) has a significant planar
character. Moreover, pyramidal radicals interconvert quite fast which result in loss of
stereochemistr§? %

I, therefore, synthesized two distinst diastereomersalkyl iodide 1.156
(starting from commercially available eisand transt-aminocyclohexanol) and
studied the stereospecificity of the reaction, by measuring the diastereomeric ratio of
the coupledproducts by®F NMR (Figure 1.29). Although the yields of the two
alkylation reactions were different, the diastereomeric ratio was similar. As the

epimerization of the productsl.(57 is unlikely, this further substantiates our

35



hypothesis for the singlelectron mechanism of the alkylation reaction through radical
generation on the alkyl halide. Further mechanistic studies are required to elucidate the

elementary steps of the catalytic cycle.

r2 1.1equiv MeNO,

0 SEFY 10 mol % 1.109 0] NO,
O‘ 20 mol % EtyZn N
; t
N 1.15 equiv KOBu> H
F

H

MTBE/dioxane
F 1.156 40 °C, 22 h 1.157
trans-1.156, R' = H, R?= | from trans-1.157: 29% (NMR), cis/trans (86:14)
cis-1.156, R' =, R2=H from cis-1.157: 45% (NMR), cis/trans (85:15)

Figure 1.29: Stereoconvergence Studies

1.10 Synthetic Utility of the Reaction

Finally, to demonstrate the synthetic utility of this transformation with
biologically relevant targets, Adapromink. 160 1 a prescribed antivirdl was nade
in two steps from commercially available starting materials using the riakalyzed
alkylation reaction and subsequent facile reductieigure 1.30). This two step

procedure is comparable with known synthetic routes qradaine’’-*8

' 10 mol % 1.108

NO, . NH,
20 mol % Et,zn Me Raney/Ni  Me
+ O2N__Et 1.15 equiv KO'Bu 750 Psi H,
_— _—
1.158 1.31 MTBE/dioxane EtOH, THF
’ 40 °C
1.159, 55% 1.160, 95%

Adapromine
clinically prescribed
anti-viral
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Figure 1.30: Synthesis of Adapromine

1.11 Conclusion

In conclusion, we developed the first example of a nickéhlyzed condition
for alkylation of nitroalkanes with unactivated alkyl iodides. Primary, secondady,
tertiary alkyl iodides are suitable substrates for this transformation. Moreover, the
reaction is mild and functional group tolerant, and provides access to sterically
encumbered nitroalkanes that are challenging to synthesize with other known methods.
Synthetic utility of the method was further demonstrated with thestep synthesis
of Adapromine, an aninfluenza drug. Preliminary mechanistic studies suggest a
singleelectron mechanism which involves radical generation from alkyl iodide. In
next Clapter, | will discuss how we further improved upon this reaction by expanding

the scope to secondary nitroalkanes and nitromethane.
1.12 Experimental Section

1.12.1 General Information

All reactions were run in ovenor flamedried glassware under positive
nitrogen orargon pressure if not otherwise noted. Methutylether (MTBE),
dioxane, tetrahydrofuran (THF), dichloromethane (DCM)N-dimethylformamide
(DMF), and diethyl ether were driexh alumina according to a published procedgre
All commercially available substrates and reagents were purchased in highest

analytical purity from commercial suppliers and used as received.
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1.12.2 Instrumentation and Chromatography

400 MHz'H, 101 MHz®C, and 376 MHZ®F NMR specta were obtained on
a 400 MHz FINMR spectrometer equipped with a Bruker CryoPlatform. 600 MHz
H, 151 MHzC and 565 MHZ®F spectra were obtained on a 600 MHzNWVIR
spectrometer equipped with a Bruker SMART probe. All samples were analyzed in the
indicated deuteresolvent and were recorded at ambient temperatures unless otherwise
noted. Chemical shifts are reported in pphhNMR spectra were calibrated using the
residual protiesignal in deutersolvents as a standaréC NMR spectra were
calibrated umg the deuteraolvent as a standard. All yieldketermined by NMR
methodsare reported using 1,3tEmethoxybenzene as an internal standard. IR
spectra were recorded on a Nicolet MagiiRéb60 FFIR spectrometer as thin films
on KBr plates. Column chrortgraphy was performed with 4903 e m si | i ca
the eluent reported in parentheses. Analytical-kiyer chromatography (TLC) was
performed on precoated glass plates and visualized by UV or by staining with
potassium permanganate or iodine. High k#gmn MS data was obtained on a
Thermo QExactive Orbitrap using electrospray ionization (ESI) or a Waters GCT
Premier spectrometer using chemical ionization (Cl), electron ionization (EI) or liquid

injection field desorption ionization (LIFDI).

1.12.3 Experimental Details for Optimization of the Alkylation of Nitroalkanes

In a nitrogenfilled glovebox, NiBpAliglyme (0.025 mmol) and Ligand (0.025
mmol), are added to adam vial, followed by 1 mL of MTBE and the mixture stirs
for 30 minutes. In case of singtemponent catalyst.109 no prestirring is done.
Then, 1 mL MTBE, alkyl iodide (0.275 mmol), nialkane (0.25 mmol), and a

mixture of the base (0.2875 mmol) in 1 mL dioxane is added to the vial and the
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suspension is stirred vigorously for 1 minute, after whicfZiE{0.05 mmol, 1 M in

MT B E, 50 e€L) is added and stivwvialissegledcont i n
taken outside the glovebox and is stirred in an oil bath at 40 °C for 24 hours. The
reaction is cooled to room temperature, diluted with a solution of -1,3,5
trimethoxybenzene (internal standard) in ethyl acetate (1 mL) and quenchechwith a
aqueous solution of saturated MH (1 mL). The organic layer is separated and
concentration in vacuo gives crude material which was dissolved in Ca@l

quantified by NMR.

1.12.4 Effect of Additional Ligand on the Yield in Case ofSomeLewis Basic
Containing Starting Materials

Some heteroatom containing substrates showed lower reactivity with standard
conditions. By adding 10 mol % additional ligand (bathocuprdin&), the reactivity

can be restored.
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10 mol % 1.109
20 mol % Et,Zn NO,

1
RYI . NO, , 115 equiv KO'Bu RKH\/F@
RS ——————
R? MTBE/dioxane R?
40 °C, 20-24 h

N02 NOZ
OA O\M)\
O o g
4 5
O
1.148 1.151 1.119
Me
standard condition (NMR):  23% 31% 35%
with 10 mol% 1.52 (isolated): 72% 60% 48%

Figure 1.31: Effect of Additional Ligand on the Yield

Experimental details fqfFigure 1.31):
Standard conditiorefer to (.12.5
With 10 mol % 1.72:In a nitrogerfilled glovebox, 1.109 (0.1 mmol), and
bathocuproine (0.1 mmol) are added to a scintillation vial, followed by 4 mL of
MTBE and the mixture stirs for 30 minutes. Then, 4 mL MTBE, alkyl ioditié
mmol), and nitoalkane(1 mmol), and a mixture of the base (1.15 mmol) in 4 mL
dioxane is added to the vial and the suspension stirs vigorously for 1 minute, after
whichEeZzn (0. 2 mmol , 1 M in MTBE, 200 ¢L)
another minute. The vial sealed, taken outside the glovebox and stirs in an oil bath
at 40 °C for 24 hours. The reaction is cooled to room temperature, Then, 20 mL

EtOAc is added and the mixture is washed with 20 ml saturatedCIK#d). The
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organic layer is dried over MgGCand he solvents are removed under reduced

pressure. The crude is purified by silica gel column chromatography.

1.12.5 General procedures

1.12.5.1 Nickel-catalyzed Alkylation of Nitroalkaneswith Alkyl lodides

Note: General procedure A and B differ only based on the ordaddition of
reagents. It is noteworthy to mention th&bZn can be added before or after the

substrates with no effect on the yiekigure 1.32).

10 mol % 1.109
Ph Ph
i NO2 0 20 mol % Et,Zn NO,
1.15 equiv KO'Bu OEt 7/ \ N\
O/ * kM/U\OEt > — —
2 MTBE/dioxane (2:1) o) N\Ni,N
1.87 1.65 40°C, 24 h 1.131 Me /N Me
Br"  Br
Procedure A Procedure B 1.109
1.131 (NMR yield):  74% 75%

Figure 1.322 Comparison of General Procedure A and B

1.12.5.2 General procedure Aickel-catalyzedAlkylation of Nitroalkanes with
Alkyl | odides in Glovebox

An ovendried roundbottom flask charged with a stir bar is transferredato
nitrogenfilled glovebox andafter cooling to ambient temperatufe109 (0.3 mmaol,

173 mg) is added, followed by alkyl iodide (3.3 mmol), nitroalkane (3 mmol) and
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MTBE (24 mL). The mixture is stirred for 5 minutes, thenamhydrous and anaerobic
solution of Potassiumtert-butoxide in dioxane (0.2875 M, 3.45 mmol, 12 mL) is
added. The flask is vigorously stirred for 1 minute, theZfE{0.6 mmol,74 mg) is
added and the mixture stirs for another minute, the flask is secured with rubber
septum, taken outside the glovebox, placednimidbath at 40°C, and stirs for 23

hours. Then 30 mL EtOAc is added and the mixture is washed with 50 mL saturated
NH4Cl@ag. The organic layer is dried over Mgsénd the solvents are removed under

reduced pressure. The crude is purified by silidageimn chromatography.

1.12.5.3 General procedure B Nickel-catalyzedAlkylation of Nitroalkanes with
Alkyl lodide s in Glovebox

An ovendried roundbottom flask charged with a stibar is transferred to a

nitrogenfilled glovebox and after cooling to ambienteerature,1.109 (0.3 mmaol,

173 mg) is added, followed by MTBE (24 mL) andEt (0.6 mmol, 74mg). The
mixture is stirred for 5 minutes, then alkyl iodide (3.3 mmol), nitroalkane (3 mmol),
and a anhydrous and anaerobablution of Potassiumtert-butoxide in dioxane
(0.2875 M, 3.45 mmol, 12 mL) is added. The flask is vigorously stirred for 1 minute,
then secured with rubber septum, taken outside the glovebox, placed in an oil bath at
40°C, and stirred for 2@8 hours. Then 30 mL EtOAc is added and the umétis
washed with 50 ml saturated ME(aq. The organic layer is dried over Mgsénd the
solvents are removed under reduced pressure. The crude is purified by silica gel

column chromatography.
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1.12.5.4 General procedureC: Nickel-catalyzedAlkylation of Nitroal kanes with
Alkyl lodide son Benchtop

Using an argoifilled double manifold, an ovedried 25 mL Schlenk flask
fitter with a stir bar and rubber septum is cooled under vac@ui9(0.1 mmol, 58
mg), nonvolatile alkyl iodides (1.1 mmol), and newolatile nitroalkanes (1 mmoRre
charged to the flask. The flask is evacuabtadkfilled with argon three times. MTBE
(8 mL) is then added. If thalkyl iodide (1.2 mmol)or nitroalkane(1.1 mmol)are
volatile, theyare adled at this point under argofin anhydous and anaerobgolution
of Potassiumtert-butoxide (0.2875 M in dioxane, 4 mL)s then added, and the
reaction mixturas stirred vigorously for 1 min. The flask is purged with argon for 3
minutes, thenkEZn (1 ™M i n MTBE, is@dded. The tlasis the@ 0 O
sealed, disconnected from th@anifold, and placed in a 40 °@l bath where itis
maintained for 228 hours with stirring. The reactios then cooled to rt, and 20 mL
EtOAc was added. Theirture is washed with 20 ml saturated MHaq. The organic
layeris dried over MgS®and the solventare removed under reduced pressure. The

crudeis purified by silica gel column chromatography.

1.12.6 General Procedures for Synthesis of Starting Materials

1.12.6.1 General procedure D Conversion ofPrimary and SecondaryAlcohols
to Alkyl lodide s

An ovendried roundbottom flask is charged with a stir bar and cooled under a
stream of nitrogen. Thentriphenylphosphine (1.2 equivalent), imidazole (1.3
equivalent), andbCM are added and the flask is placed in arbiath. After 5 minutes

of stirring, iodine (1.2 equivalent) is added and the stirring continues for another 15
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minutes, followed by the addition of the alcohol. After 30 minutes, the ice bath is
removed andeaction stirs at room temperature for appropriate time. To quench the
reaction, water is added and the layers are separated. The aqueous layer is washed
with DCM and the combined organic phases are dried on Mg¥%ke solvent is
removed under reduced praess and the crude is purified by flash silica gel column

chromatography.

1.12.6.2 General procedure E Synthesis ofAmides by SchotteRBaumann
Reaction

To a solution of KPQw or NaOH (3 equivalent) in water is added DCM
followed by the amine (1.5 equivalent). The solution of acyl chloride (1 equivalent)
in DCM is added drop wise while keeping the temperature at 0 °C with an ice bath.
After complete addition, the reaction is stirred vigorously at room temperature for
appropriate time. The crude mixture is extegcwith DCM and sequentially washed
with 1 M NaOHag), 1 M HClag, and brine. The combined organic phase is dried over
MgSQy, the solvent is removed under reduced pressure, and if necessary, the crude is

purified by silica gel column chromatography.

1.12.6.3 General procedure F: Conversion of Alkyl lodides to Nitroalkanes with
Silver(l) Nitrite

According to published literature procedd?@AgNO; (4 equivalerd) is added
to a solution of alkyl iodide (1 equivalent) in water, and the flask is protected from
light by wrapping with aluminum foil. After stirring for the appropriate time at

reported temperature, the mixuis filtered through Celite, and extracted with ethyl
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acetate. The combined organic phase is dried over Mg®® solvent is removed

under reduced pressure and the crude is purified by flash silica gel chromatography.

1.12.7 Synthesis ofAlkyl lodide s

Note: The reactions and the yields to synthesstarting alkyl iodidesare not

optimized.
1.2 equiv |,
1.2 equiv PPhg
©/\/\OH 1.3 equiv imidazole ©/\/\I
>
DCM, 0 °C to rt 1.64
' 1.64 According togeneral procedure ,[B-phenylpropari-
1.64

ol (30 mmol, 4.0 g), iodine (36 mmol, 9.14 g), triphenylphosphine
(36 mmol, 9.Z g), and imidazole (39 mmol, 2.65 g) in DCM (100 mL) for 3 hours,
afforded, after flash silica gel chromatography (95:5 hexanes : ethyl acetkig),
iodide 1.64as a colorless oil (6.63 g, 90%H NMR (400 MHz, CDCJ) U i 7.273 4
(m, 2H), 7.24i 7.18 (m, 3H), 3.18 (m, 2H), 2.73 (= 7.3 Hz, 2H), 2.13 (p) = 7.0
Hz, 2H);°C NMR (151 MHz, CDGJ) ad 140. 5, 128. 7, 128. 6, 1.

1.64is a known compound and its spectra are in accord with publistet’tia
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1) 1 equiv NaBH,

N0 MeOH, rt, 1 h OH
r
MeO 2) 1 atm H,, 5% Pd/C MeO

MeOH, 14 h S1.1

1.2 equiv |,

1.2 equiv PPhg
OH 1.3 equiv imidazole |
o
MeO MeO

DCM, 0°Ctort

S1.1 S1.2
OH S1.1 p-methoxycinnamaldehyde (40 mmol, 6.4B8
MeO S1.1 was dissolved imethanol (50 mL), followed by addition of

sodium borohydride (40 mmol, 1.5f) in 3 portions over
10 minutes at room teperature under air. After one hour of stirring, excess
borohydride was quenched by slow addition of 1M HCI. 50 mL water was added and
the aqueous phase was extracted with 3x50 mL ethyl acetate. The organic phase was
dried over MgS®@and evaporated underdugced pressure. To the crude mixture was
added 50 mL methanol, followed ppglladium on carbon (5 Wi, 324 mg). The flask
was secured by septum and stirred under 1 atmosphere of hydrogen (balloon) for 14
hours. The mixture was filtered through Celite arwhcentrated under reduced
pressure. The crude was purified by silica gel chromatography (90:10 to 60:40
hexanes : ethyl acetate) to afford 3.97 g (60%) product as a colorledd dIMR
(600 MHz, CDC})  © 1 7.091(m, 2H), 6.86 6.81 (m, 2H), 3.79 (s, 3H), 3.67 &,
= 6.4 Hz, 2H), 2.65 (tJ = 7.5 Hz, 2H), 1.91 1.80 (m, 2H);"*C NMR (151 MHz,
CDCk) U4 158. 0, 134. 0, 129. 4, 114. 0, 62. 4,

S1.1is a known compound and its spectraiaraccord with published dat&
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/©/\/\I S1.2 According togeneral procedure ,[51.1(23.67
MeO

S1.2 mmol, 3.93 g), iodine (284 mmo] 7.21 g),
triphenylphosphine (28.4 mmol, 7.47 g), and imidazole (30.77 mmol, 2.09 g) in DCM
(50 mL) for 15 hours, afforded, after flash silica gel chromatography {8anes :
ethyl acetate), alkyl iodid&81.2as a colorless oil (6.15 g, 94%MH NMR (600 MHz,
CDCl) U 7 7.08L(rh, 2H), 6.84 (m, 2H), 3.79 (s, 3H), 3.16J(t 6.8 Hz, 2H),
2.67 (t,J = 7.2 Hz, 2H), 2.09 (pJ = 7.0 Hz, 2H);’3C NMR (151 MHz, CDG)) i
158.2, 132.6, 129.6, 114.0, 55.4, 35.4, 35.2, 6.6.

S1.2is a known compound and its spectra aradeord with published dat&

1 equiv Ph,'BuSiCI 1 ;'iqelﬂ\‘j"égh
. 3

1.2 equiv imidazole 'Bus_...O 13 equiv imidazole  BUS RN N
HO™ ™ oH si ™ oH 1-3eq o oS |

> Ph’Fl,h L 4
7.5 equiv DMF, rt, 15 h S1.3 DCM, 0 °C to rt S1.4
t
EE:SIi’O\Mf\OH S1.3 A 100 mL ovendried roundbottom flask charged
Ph
$1.3 with a stir bar was cooled under a stream gftNen imidazole (24

mmol, 1.632 g), 1,5entanediol (150 mmol, 15.6 g) and DMF (20 mL) were added
sequentially under j followed by diphenytert-butylsilyl chloride (20 mmol, 5.5 g).

After 15 hours of stirring at room temperature, 100 mL ether was added to the mixture
and waked with 3x100 mL water. The organic phase was dried over Mg8®the
solvent was removed under reduced pressure to leave an oil which was purified by
flash silica gel chromatography (100:0 to 80:20 hexanes : ethyl acetate) to afford 3.41
g (50%) products a clear oil!H NMR (400 MHz, CDCJ) a 17.62Z (6, 4H),

7.461 7.34 (m, 6H), 3.67 (1) = 6.4 Hz, 2H), 3.62 (1) = 6.5 Hz, 2H), 1.57 (m, 4H),
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1.477 1.39 (m, 2H), 1.05 (s, 9H*C NMR (101 MHz, CDCJ)) & 135. 7, 134. 1
127.7, 63.9, 63.1, 32.6, 32.4, 27.0, 22.01, 19.3.

S1.3is a known compound and its spectra are in accord with published®ata.

tBl..l\ _,O

Ph/S.' \‘“”4/\' S1.4: According to general procedure ,051.3 (10 mmol,

" st 3.42 g),iodine (12 mmol, 3.059), triphenylphosphine (12 mmaol,

3.16 g), and imidazole (13 mmol, 884 mg) in DCM (30 mL) for 15 hours, afforded,

after flash silica gel chromatography (100:0 to 9bexanes : ethyl acetate), alkyl

iodide S1.4as a colorless oil (3.82 g, 85%H NMR (600 MHz, CDCY) 4 7. 67 ( m,
4H), 7.45i 7.41 (m, 2H), 7.39 (m, 4H), 3.67 (1= 6.3 Hz, 2H), 3.17 (t) = 7.0 Hz,

2H), 1.81 (pJ = 7.2 Hz, 2H), 1.61 1.54 (m, 2H), 1.52 1.44 (m, 2H), 1.06 (s, 9H);

13C NMR (151 MHz, CDGJ) a 135. 7, 134. 2, 129. 7, 127. 8
7.2.

S14is a known compound and its spectra iaraccord with published dat&.

3 equiv K3PO4 ©/‘L
0°Cto rt

1 eqiuv 1.5 equiv

1.2 equiv I,

b Q 1.2 equiv PPhy
©/U\I\O\/ 1.3 equiv imidazole ©)‘\ O\/
OH pewm, 0 °Cto rt
S1.5
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S1.5 According to general procedurd, 2-
©)L,\O\/OH fluorobenzoyl chloride (30 mmol, 4.49 in 20 mL DCM,

S15 piperidine4-ylmethanol (45 mmol, 5.18), and KPQ: (90
mmol, 19.1 g) in DCM (50 mL) and water (50 mL) afforded 6.48 g (91%) analytically
pureS1.5 as white crystals. mp = 1225 °C;H NMR (600 MHz, CDCJ) U 17 . 42
7.32 (m, 2H), 7.19 (td) = 7.5, 1.3 Hz, 1H), 7.08 (m, 1H), 4.79 (m, 1H), 3i63.42
(m, 3H), 3.04 (br s, 1H), 2.79 @,= 13.0 Hz, 1H), 1.92 1.82 (m, 1H), 1.87 1.67
(m, 2H), 160-1.44 (br s, 1H) 1.36 1.01 (m, 2H)*C NMR (151 MHz, DMSQd 6 ) U
163.7, 157.5 (dJ = 244.5 Hz), 131.08 (d} = 7.5 Hz), 128.51 (d = 3 Hz), 124.83 (d,

J =3 Hz), 124.63 (dJ = 18 Hz), 115.67 (d) = 21 Hz), 65.4, 46.5, 41.1, 38.3, 29.0,
28.3;F NMR (565 MHz ;115Q® ETIR () 8367, 2865, 1606, 767.
HRMS (El) m/z, calculated for [GH1sFNO;]*: 237.1165; found: 237.1147.

R S1.6. According to general procedure ,DS1.5 (20

©)L'\O\/l mmol, 4.74 g),jodine (24 mmol, 61 g), tiphenylphosphine
S1.6 (24 mmol,6.319), and imidazole (26 mmol, 1.%) in DCM

(50 mL) for 4 hours, afforded, after flash silica gel chromatography (80:20 to 70:30
hexanes : ethyl acetatelkyl iodide S1.6as a white crystalline solid (5.06 g, 73%).
mp = 7279 °C;'H NMR (600 MHz, CICls) U T 7.344(r@, 2H), 7.20 (td] = 7.5,
1.1 Hz, 1H), 7.09 (ddd] = 9.4, 8.3, 1.1 Hz, 1H), 4.80 (ddt= 13.3, 4.6, 2.3 Hz, 1H),
3.58 (m, 1H), 3.19 3.09 (m, 2H), 3.04 (br s, 1H), 2.77 Jt= 13.1 Hz, 1H), 1.99 (dt
J=13.3, 2.9 Hz, 1H), 1.85 (d,= 13.1 Hz, 1H), 1.74 (m, 1H), 1.8425 (m, 1H), 1.21
(brs, 1H);"*C NMR (151 MHz, CDGJ) U 165 . 1J=24B5AH, 1224 (4, d ,
= 8 Hz), 129.06 (d) = 4 Hz), 124.76 (d) = 4 Hz), 124.49 (d) = 18 Hz), 115.82 (d]
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= 23 Hz), 47.0, 41.8, 38.832, 32.4, 12.#F NMR (565 MH®513;,CDCI 3)

FTIR (cmt) 2936, 2856, 1637, 1453, 1435, 1221, 965. HRMS (EI) m/z, calculated for
[C13H1sFINO]*: 347.0182; found: 347.0192.

O _OH Os_ClI HO Br O
B SOCl, |g; 3 equiv K3PO4 ,\O\/
reflux DCM/HZO OH
Cl 0°Ctort Cl

Br O 1.2 equiv I,
1.2 equiv PPhg
’\O\/ 1.3 equiv |m|dazole O\/
DCM, 0 °C to rt
Cl
S1.7: 2-broma5-chlorobenzoic acid (50 mmoll1.77

N
O\/' g) was added to a 100 nmoundbottom flask followed by

c S8 thionyl chloride (25 mL) and the mixture was refluxed for 3

Br O

hours under inert atmosphere. After cooling to room
temperature, the excess thionyl chloride was removed under reduced presshee and
resulting acyl chloride was directly used in next step. According to general procedure
E, 2-broma5-chloro-benzoyl chloride in 20 ml DCM, piperidireylmethanol (75
mmol, 8.@ g), and KkPQ; (150 mmol, 31.8 g) in DCM (50 mL) and water (75 mL)
were reated. After 30 minutes, 400 mL ethyl acetate was added; the organic phase
was washed with 1M NaQkd) (150 mL), 1M HClag(150 mL), and water (150 mL);
dried over MgS@®, and removed under reduced pressure. The white solid that formed

was washed with hexang¢3800 mL), EtO (100 mL), and was used in next step

50



without further purification. According tgeneral procedure ,Bhe alcohol15 mmol,

4.9 g), iodine (18 mmol, 4.57 @), triphenylphosphine (18 mmol, 4.73 g), and
imidazole (19.5 mmol, 13g) in DCM (40mL) for 1 hour, afforded, after flash silica

gel chromatography (80:20 to 60:40 hexanes : ethyl acetdks),iodide S1.7as a

white crystalline solid (3.66 g, 46% over two steps). mp <408 °C; Two rotamers

are observable itH-NMR and *C-NMR specta at room temperatureéhe peaks
coalescat 340 K) 'H NMR (400 MHz, DMSGds, 299 K)J=8B7HRz B9 ( d,
7.48 (d,J = 2.5 Hz, 1H), 7.46 7.43 (m, 1H), 7.43 7.40 (m, 1H), 4.49 (ddd),= 15.4,

11.1, 2.3 Hz, 2H), 3.24 (m, 6H), 3.13.94 (m, 2H), 2.77 (tt) = 12.4, 2.7 Hz, 2H),

1.87 (m, 2H), 1.81 1.57 (m, 4H), 1.35 1.01 (m, 4H);'"H NMR (400 MHz, DMSQ

d, 344 K)J=08.9Hz 6Hj, 7.40dm, 2H), 4.47 (br s, 1H), 3.28 (br m, 1H),
3.26 (d,J = 6.5 Hz, 2H), 3.03 (m, 1H), 2.912.70 (m, 1H),1.89(d, J = 13.2 Hz, 1H),

1.74 (d,J = 12.7 Hz, 2H), 1.22 (m, 2H}:*C NMR (151 MHz, CDC¥) U 166. 22,
166.03, 139.82, 139.70, 134.22, 134.15, 134.05, 134.04, 130.47, 130.37, 127.74,
127.65, 117.17, 117.14, 47.19, 46.31, 41.66, 41.45, 38.65, 38.55, 33.20, 33.02, 32.31,
32.14, 12.72, 12.56; FTIR (cth 2937, 2858, 1639, 1440, 1@, 1095, 964HRMS

(El) m/z, calculated for [GH14BrCIINO]*: 439.8414; found: 439.8908.
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H

O Cl o)

@)

3 equiv K3PO, /@)‘\,\0\/

+ e

N~ DCMH0, | OH
| H 0°Ctort S1.8

1 eqiuv 1.5 equiv

1.2 equiv I,
0 1.2 equiv PPh; Q
1.3 equiv imidazole
/©)LI\O\/ >/©)‘\l\()\/
I OH DCM,0°Ctort | I
S1.8 S1.9

i S1.8 According to general procedurg, 4-

|/©)S:I\O\/OH iodobenzoyl chloride (30 mmol, 7.98), piperidines-
ylmethanol (45 mmol, 5.18 g), andsPQs (90 mmol,

19.1 g) in DCM (50 mL) and water (50 mL) for 2 hours, afforded 8.01 g (77%)
analytically pureS1.8 as white crystals. mp = 13810 °C;H NMR (600 MHz,
CDCk) U i 7.717(m, 2H), 7.16 7.11 (m, 2H), 4.71 (br s, 1H), 3.74 (br s, 1H),
3.581 3.47 (m, 2H), 3.00 (br s, 1H), 2.77 (br s, 1H), 1i9B65 (m, 3H), 1.58 1.44
(m, 1H), 1.37f 1.08 (m, 2H);’®*C NMR (151 MHz, CDCI 3) U 16
128.7, 958, 67.1, 47.9, 42.3, 38.9, 29.5, 28.5; FTIR 8401, 2915, 2860, 1612,
1444, 1006. HRMS (El) m/z, calculated for 1f816INO2]*: 345.0226; found:

345.0237.
0
S1.9 According togeneral procedure ,[51.8 (15
N
| O\/I mmol, 5.18 @), iodine (18 mmol, 4.57 g),
S1.9

triphenylphosphine (18 mmol, 4.73 g), and imidazole (19.5
mmol, 1.3 g) in DCM (50 mL) for 4 hours afforded, after flash silica gel
chromatography (80:20 to 60:40 hexaneshyl acetate), alkyl iodid81.9as a white
crystalline solid (5.66 g, 83%ijnp= 137138 °C;'H NMR (600 MHz, CDCI 3
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i 7.73 (m, 2H), 7.16 7.11 (m, 2H), 4.71 (br s, 1H), 3.74 (br s, 1H), 3.13 (br s, 2H),
3.00 (br s, 1H), 2.76 (br s, 1H), 2Q5/8 (m, 2H), 1.74 (m, 1H), 1.3B09 (m, 2H);

3¢ NMR (151 MHz, CDCI ®,)128i8, 99.% 97.7442.2, B&®7/ . 8,
33.4, 32.5, 12.8; FTIR (cW) 2940, 2846, 1627, 1432, 1106. HRMS (ESI) m/z,
calculated for [@H16NOI2] " ([M+H] *): 455.9316; found: 455.9325.

1.2 equiv I,
1.2 equiv PPhg

Q/\OH 1.3 equiv imidazole> ©/\I
DCM, 0 °Ctort

S$1.10

l S1.10 According to general procedure ,Dcydohex3-enl-
s1.10 Yimethanol (20 mmol, 2.24 g),iodine (24 mmol, 61 Q)
triphenylphosphine (24 mmol, 6.31 g), and imidazole (26 mmo¥, 4)7
in DCM (50 mL) for 16 hours, afforded, after flash silica gel chromatography (100%
hexanes)alkyl iodide S1.10as a olorless oil (4.09 g, 92%)H NMR (400 MHz,
CDCk) U -5%9 (f,82H), 3.18 (dJ = 5.9 Hz, 2H), 2.3G 2.15 (m, 1H), 2.09 (m,
2H), 1.87 (m, 1H), 1.82 1.69 (m, 2H), 1.39 1.22 (m, 1H);"*C NMR (151 MHz,
CDClk)y U0 127. 0, 125. 7 .,5136. 2, 32. 2, 29. 4, 25.
S1.10is a known compound and its spectra are in accord with published

datal®®
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1.5 equiv K,CO4

N 1) 0.1 equiv Nal
K ol DMF, 95 °C
5 2 equiv L|OH

2) THF/MeOH/HZO S1.11 ‘M—OH

1.2 equiv I,
1.2 equiv PPhg
@ 1.3 equiv imidazole @

DCM, 0°Ctort
S1.11 ‘M—OH S1. 12 5

N\7/© OH S1.11 A 100 mL overdried RBF was charged
@S 0\///// with a stir bar, KCOsz (45 mmol, 6.2 g), and Nal (3
S1.11

mmol, 450 mg), and cooled under a stneaof
nitrogen. 2(benzothiazel-yl)phenol (30 mmol, 6.82 g), DMF (30 mL), and 5
chloropentyl acetate (36 mmol, 5.93 g) were added sequentially under Nitrogen and
the mixture was heated at 95 °C in an oil bath for 16 hours. After cooling to room
temperatug, 200 mL ether was added and the organic phase was washed with water
(3x150 mL) and 1M NaOHy) (150 mL); dried over MgS& and the solvent was
removed under reduced pressure. The crude solid was dissolved in THF (100 mL) and
then a solution of LIOH.ED (60 mmol, 2.54g) in water (25 mL) was added to the
mixture while stirring vigorously, followed by MeOH to convert the biphasic mixture
into a monophasic mixture (approximately 30 mL). Upon completion of hydrolysis
(TLC control), ethyl acetate (100 mL) islded and the organic phase is washed with
brine (50 mL) and dried over MgSQOThe solvent is removed under reduced pressure.
The crude product is purified by flash silica gel chromatography (80:20 to 0:100
hexanes : ethyl acetate) to aff@d.11(7.33 g,78%) as a white solidnp= 7#79 °C;
IH NMR (600 MHz, CDCY) U 8 JS79, 1.8cHd, 1H), 8.09 (df,= 8.2, 0.8 Hz,
1H), 7.94 (dtJ = 7.9, 1.0 Hz, 1H), 7.49 (ddd,= 8.3, 7.1, 1.2 Hz, 1H), 7.44 (ddti=
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8.3, 7.3, 1.8 Hz, 1H), 7.37 (ddd~ 8.1, 7.1, 1.1 Hz, 1H), 7.12 (dddi= 8.1, 7.3, 1.1

Hz, 1H), 7.05(dd,J = 8.4, 1.0 Hz, 1H), 4.24 (8,= 6.4 Hz, 2H), 3.72 (m, 2H), 2.08 (p,

J=6.9 Hz, 2H), 1.72 (m, 4H), 1.29 &= 5.4 Hz, 1H);*C NMR (151 MHz, CDCI3)

a 163. 3, 156. 8, 152. 2, 136. 2, 131. 9, 129
112.4, 62, 62.8, 32.5, 29.1, 22.FTIR (cmt) 3357, 2940, 2871, 1598, 1452, 1248,

1116. HRMS (El) m/z, calculated for {§11dNO2S]*: 313.1136; found: 313.1137.

N\>/© l S1.12 According togeneral procedure,[51.11

@‘S O\///// (10 mmol, 3.13 g),iodine (12 mmol, 3.6 g),
S1.12 triphenyphosphine (12 mmol, 361g), and imidazole

(23 mmol, 884 mg) in DCM (30 mL) for 17 hours afforded, after flash silica gel

chromatography (100:0 to 80:20 hexaneshyl acetate), alkyl iodid81.12(4.12 g,

97%) as a white crystalline solignp= 9698 °C;H NMR (600 MHz,CDCJ) U 8. 55

(dd,J = 7.9, 1.8 Hz, 1H), 8.09 (di,= 8.2, 0.9 Hz, 1H), 7.95 (ddd= 7.9, 1.2, 0.7 Hz,

1H), 7.49 (ddd) = 8.3, 7.2, 1.2 Hz, 1H), 7.44 (ddd= 8.3, 7.3, 1.8 Hz, 1H), 7.38

(ddd,J=8.1, 7.1, 1.1 Hz, 1H), 7.12 (dddi= 8.2, 7.3, 1.0 Hz, 1H), 7.04 (ddi= 8.4,

1.1 Hz, 1H), 4.24 () = 6.3 Hz, 2H), 3.26 (t) = 6.9 Hz, 2H), 2.1 2.03 (m, 2H),

1.99 (p,J = 7.0 Hz, 2H), 1.82 1.73 (m, 2H)’*C NMR (151 MHz, CDCI 3)

156.7, 152.3, 136.3, 131.9, 129.8, 126.0,.12422.9, 122.5, 121.4, 121.2, 112.3,

69.0, 33.4, 28.5, 27.6, 6.8; FTIR (dn2939, 1596, 1451, 1291, 1247, 1115, 754.

HRMS (El) m/z, calculated for [{gH1sINOS]": 423.0154; found: 423.0175.
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0]

o)
OH ciq 1O 9
_ SOCl, — 3 equiv EtzN ~ N
o——> 0) + —_— 0 OH
reflux DCM
N
H

0°Ctort S1.13
o 1.2 equiv I, Q
~ N 1.2 equiv PPhs ~ N
oH 1-3equivimidazole |
o { 0]
S1.13 DCM, 0 °C to rt S1.14

Q S1.13 Benzofurar2-carboxyic acid (20 mmol,
C§\O/kl\©\/o"' 3.24 g) was added to a 50 mbundbottom flask

S1.13 followed by thionyl chloride (10 mL) and the mixture
was refluxed for 1 hour under inert atmosphere. After cooling to room temperature,
the excess thionyl chloride was removed under redpoeskure and the resulting acyl
chloride was directly used in next step. A 100 mL oven dwethdbottomflask was
charged with piperidind-ylmethanol (30 mmol, 3.4§), triethylamine (60 mmol, 6
g), and DCM (50 mL). The flask was placed in an ice laaith benzofurai2-carbonyl
chloride dissolved in 10 mL DCM was added dropwise to the solution. After addition
was complete, the ice bath was removed and reaction stirred at room temperature for 2
hours. The organic phase was washed with water (50 mL), TM24*50 mL), and 1
M NaOH (50 mL); the it was dried on Mg%@nd the solvent was removed under
reduced pressure. The crude material was crystallized from DCM/Pentane to afford
2.81 g (54%) goldedbrown crystals.'H NMR (600 MHz, DMSGds) & 7J66 (dt ,
7.8, 1.0 Hz, 1H), 7.58 (dd,= 8.2, 1.1 Hz, 1H), 7.35 (ddd,= 8.4, 7.2, 1.3 Hz, 1H),
7.25 (m, 2H), 4.45 (t) = 5.3 Hz, 1H), 4.35 (br s, 1H), 4.15 (br s, 1H), 3.2 &,5.7
Hz, 2H), 3.19 2.97 (m, 1H), 2.74 (br s, 1H), 2.42 (b= 1.8 Hz, 1H), 1.6%br s, 1H),
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1.62 (m, 1H), 1.07 (br m, 2H’C NMR (151 MHz, DMSO)
126.7, 126.3, 123.6, 122.3, 111.7, 110.0, 65.4, 54.9, 46.4, 42.2, 38.4, 29.3, 28.5,

S1.13is a known compound and its spectra are in accord with published

datal?’
o)
\ S1.14 According togeneral procedure ,061.13
~
0 O\/' (10 mmol, 2.59 g), iodine (12 mmol, 3.050q),
S1.14

triphenylphosphine (12 mmol, 1), and imiczole (13
mmol, 884 mg) in DCM (30 mL) for 4 hours, afforded, after flash silica gel
chromatography (80:20 to 70:30 hexanes : ethyl acetdig), iodide S1.14(2.36 g,
64%) as a white solidmp= 113115 °C;'H NMR (600 MHz, CDCJ) i 7. 65
7.8, 10 Hz, 1H), 7.53 (dq, J = 8.4, 0.9 Hz, 1H), 7.40 (ddd, J = 8.4, 7.2, 1.3 Hz, 1H),
7.311 7.26 (m, 2H), 4.61 (br s, 2H), 3.15 (d, J = 6.5 Hz, 2H), 2.85 (br s, 2 H); 2.05
1.95 (m, 2H), 1.81 (m, 1H), 1.401.28 (qd,J = 12.6, 4.3 Hz, 2H)}*C NMR (101

MHz, CDCI 3) d 159. 9, 154. 6, 149. 2, 127. 1,

43.0, 38.8, 33.4, 32.6, 12.BTIR (cm?) 2937, 2852, 1635, 1561, 1435, 1254, 1169,
966, 746. HRMS (El) m/z, calculated foriEl16INO2]*: 369.0226; found: 369.0230.

OH ¢ o OH 5y 4.2 equiv 1, !
& \ﬂ/ 3 equiv K;PO, 1.2 equiv PPhg
o) 5 DCM/H,O 1.3 equiv imidazole
+ _— L.
H 0°Ctort f}l DCM, 0 °C to rt N
Cbz Cbz
S1.15 S1.16
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Cbz—N/\:>—\ S1.15 According to general procedure |, E

S1.15 on berzylchloroformate (30 mmol, &), piperidine4-ylmethanol
(45 mmol, 5.18g), and KPQs (90 mmol, 19.1 g) in DCM (50

mL) and water (50 mL) for 1 hour, afforded, after silica gel chromatbgréfb:25 to
25:75 hexanes : ethyl acetate) 4.35 g (58h)15as pale yellow oillH NMR (600
MHz,CDCk) U 7. 36 { M29 (mi tH), 5.137s, ZH} 4.22 (br s, 2H), 3.51
(t, J= 5.9 Hz, 2H), 2.79 (br s, 2H), 1.801.71 (m, 2H), 1.74.63 (m, 1H), 1.35
1.30 (m, 1H), 1.19 (m, 2H**C NMR (101 MHz, CDG) U 155.3, 136. 8
128.0, 127.8, 67.%7.2, 67.0, 43.9, 38.6, 28.6, 28.5.

S1.15is a known compound and its spectra are in accord with published

datal®®
Cbz—NC>—\ S1.16 According togereral procedure PS1.15(10 mmol,
|
S1.16 2.49 g),iodine (12 mmol, 3.8 g), triphenylphosphine (12 mmol,

3.16 g), and imidazole (13 mmol, 884 mg) in DCM (30 mL) for 1
hour, afforded, after flash silica gel chromatography (95:5 to 75:25 hexanes : ethyl
acetate)akyl iodide S1.16(1.49 g, 42%)as a pale yellow oi*H NMR (400 MHz,
CDCI 3) i @.287m, 8H), 5.12 (s, 2H), 4.21 (br s, 2H), 3.10 (d, J = 6.5 Hz, 2H),
2.77 (brs, 2H), 1.85 (br m, 2H), 1.70L.59 (m, 1H), 1.16 (br m, 2H}3C NMR (101
MHz, CDCk) 1%6.2,136.9, 128.6, 128.1, 128.0, 67.2, 43.9, 38.6, 32.6, 13.4.

S1.16is a known compound and its spectra are in accord with published

datal®®
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mo SOCl,
—>

O

HO
l\Jj 3 equiv Et3N C’/u\ O\/
DCM
N
H

S OH reflux Ciort
°Cto
9 1.2 equiv I,
~ N 1.2 equiv PPhy
\ 3 OH1 .3 equiv |m|dazole

DCM, 0 °C to rt S1.17

i S1.17 Thiophene2-carboxylic acid (20 mmol, 2.56 g)
Q)L’\O\/' was added to a 25 mbundbottomflask followed by thiony

s1.17 chloride (10 mL) and the mixture was refluxed for 1 hour
under inert atmosphere. After cooling to room temperature, the excess thionyl chloride
was removed under reduced pressure and the resulting acyl chloride was directly used
in next step. A 100 mL a@n driedroundbottomflask was charged with piperidine
ylmethanol (30 mmol, 3.45 g), triethylamine (60 mmol, 6 g), and DCM (50 mL). The
flask was placed in an ice bath and thiophmarbonyl chloride dissolved in 10 mL
DCM was added drop wise to thel@ion. After addition was complete, the ice bath
was removed and the mixture stirred at room temperature for 2 hours. The organic
phase was washed with water (50 mL), 1 M HCI (2x50 mL), and 1 M NaOH (50 mL);
then it was dried on MgS{and the solvent wagmoved under reduced pressure. The
crude solid was dissolved in THF (100 mL) and then a solution of Li@M.(20
mmol, 840 mg) in water (20 mL) was added to the mixture while stirring vigorously,
followed by MeOH to convert the biphasic mixture into anmghasic mixture

(approximately 20 mL). Upon completion of hydrolysis of the ester (TLC control),

ethyl acetate (100 mL) is added and the organic phase is washed with brine (50 mL),
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dried over MgS@ removed under reduced pressure to afford 3.21 g (71%¢ wh
crystalline solid. The product was used in next step without further purification.
According togeneral procedure ,Bhe alcohol(10 mmol, 2.25 g)iodine (12 mmol,

3.05 g), triphenylphosphine (12 mmol, &.3), and imidazole (13 mmol, 884 mg) in
DCM (30 mL)for 42 hoursafforded, after flash silica gel chromatography (85:15 to
75:25 hexanes : ethyl acetatalkyl iodide S1.17(3.245 g, 97%) as a white crystalline
solid. mp= 5860 °C;*H NMR (600 MHz, CDC{) & 7J=%. Hz, 1H), 7.34 (d,
J=36 Hz, 1H), 7.11 (tJ= 4.3 Hz, 1H), 4.55 (br s, 2H), 3.20 (ts 6.5 Hz, 2H), 3.02

(br s, 2H), 2.02 (br m, 2H), 1.84 (m, 1H), 1.34 (m, 383 NMR (101 MHz, CDCI3)

4 163.6, 137.3, 128.6, 128.5,12932,&850,, 45.5
1613 1521, 1439, 1271, 964, 735. HRMS (El) m/z, calculated faiHGINOS]*:
334.9841; found: 334.9849.

OH 3 equiv NaH OTs [
A\ 3 equiv TsClI A\ 2 equiv Nal N\
> —_—
H THF,0°Ctort N Acetone, 65 °C N
Ts Ts
S1.18 S1.19
OTs S1.18 was made according to the literature @sdspectra
A\
N are in accord with published ddfd.!H NMR (400 MHz, CDQ5)
S1.18 G 7.93 (d, J = 8.4 Hz, 1H), 7.74 (

Hz, 2H), 7.30 (d, J = 7.5 Hz, 3H), 7.22 (d, J = 8.1 Hz, 2H), 7.17 (t,
J=8.3Hz, 3H), 4.24 (t, J = 6.6 Hz, 2H), 3.01 (t, J = 6.6 Hz, 2H), 2.39 (s, 3H), 2.33 (s,
3H); 3C NMR (151 MHz CDCk) & 145.1, 144.9, 135.4, 13
129.8, 127.8, 127.0, 124.9, 124.2, 123.3, 119.2, 117.3, 113.9, 68.9, 25.1, 21.8, 21.7.
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' S.19 S1.18(5 mmol, 2.34 g), sodium iodide (10 mmol, 1.5

A\
N g), and acetone (10 mL) were added to a 20 mhtilation vial. The
v
S1.19S vial was capped, placed in oil bath at 65 °C, and stirred vigorously

for 1 hour. DCM (50 mL) was added to the mixture and the
suspension was filtered through Ceilte and washed with 50 mL more DCM. The
solvent was removed under redugedssure and the crude was purified by flash silica
gel chromatography (90:10 hexanes : ethyl acetate) to affotdyZ@6%)alkyl iodide
S20as alight yellow solid.'H NMR (600 MHz, CDCY) U 7 J9 &4, .9dHz,,
1H), 7.791 7.72 (m, 2H), 7.45 (tt) = 4.6, 1.0 Hz, 2H), 7.32 (ddd,= 8.4, 7.2, 1.2 Hz,
1H), 7.24 (ddd) = 8.1, 7.3, 1.0 Hz, 1H), 7.237.17 (m, 2H), 3.41 (t) = 7.4 Hz, 2H),
3.25 (t,J = 7.4 Hz, 2H), 2.33 (s, 3HJ3C NMR (151 MHz, CDC4) & 145. 0,
135.4, 130.3, 130.0, 127.0, 125.0, 123.7, 123.3, 121.6, 119.2, 114.1, 29.8, 21.7, 3.9.

S.19is a known compound and its spectra are in accord with publishetfYata.

N 5 equiv 1,§-penfaned|ol N
| 1.1 equiv Na'OBu |
~ =

Me” "N~ TBr > Me” "N~ ~07 HO
DMF, 120 °C $1.20
1.2 equiv I,
X 1.2 equiv PPhg S
/(j\ fj 1.3 equiv imidazole Jl\/j\ fj
Z ~Z
Me” "N~ ~0” HO > Me” NT 07 |
$1.20 DCM, 0 °C to rt S1.21
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~Z
Me N O HO

S.120

| \ J/j S.120 A 50 mL flamedried roundbottom flask was
cooled under a stream of nitrogen, ttseium tbutoxide (11
mmol, 1.06g), DMF (20 mL), and 1entanediol (50 mmol,

5.2 g) were added sequentially to it. The migtstirred for 10 minutes at room
temperature and-Bromo6-methylpyridine (10 mmol, 1.72 g) was added. The flask
was placed in an oil bath at 120 °C and stirred for 7 hours. After cooling to room
temperature, 100 mL ether was added and the organic plaaseashed with water
(5x100 mL), dried over MgSf)and the solvent was removed under reduced pressure.
The crude was purified by flash silica gel chromatography (80:20 to 40:60 hexanes :
ethyl acetate) to afford 1.29 g (66%) product as a pale yellodHbMMR (600 MHz,
CDCk) © 7 J4&3, {.20Hd,,1H), 6.69 (d,= 7.2 Hz, 1H), 6.50 (d] = 8.2 Hz,

1H), 4.26 (t,J = 6.6 Hz, 2H), 3.67 (t) = 6.5 Hz, 2H), 1.80 (p] = 6.7 Hz, 2H), 1.64

(p, J = 6.8 Hz, 2H), 1.53 (p) = 7.4, 7.0 Hz, 2H):C NMR (151MHz, CDCk) i
163.6, 156.4, 138.9, 115.7, 107.1, 65.8, 63.0, 32.6, 29.0, 24.3, 22.5; FTHR3840,
2940, 2865, 1597, 1577, 1450, 1306, 1233; HRMS (ElI) m/z, calculated for
[C11H17NO2]™: 195.1259; found: 195.1251.

| \ J/j S1.21  According togeneral proceder D, S1.20(10

5101 mmol, 1.95 g),odine (12 mmol, 3.6 g), triphenylphosphine
(12 mmol, 3.16 g), and imidazole (13 mmol, 884 mg) in DCM

(30 mL) for 4 hours (note: the organic phase was washed with saturaf€@a),

afforded, after flash silica gel chrotography (100:0 to 95: 5 hexanes : ethyl acetate),

alkyl iodide S22 (2.90 g, 95%) as a clear old NMR (600 MHz, CDC§) 0 i7 . 47

7.41 (m, 1H), 6.70 (dJ = 7.2 Hz, 1H), 6.51 (dJ = 8.2 Hz, 1H), 4.27 (1) = 6.5 Hz,
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2H), 3.22 (tJ = 7.1 Hz, 2H), 2.43 (s, 3H), 1.91 (p= 7.1 Hz, 2H), 1.82 1.75 (m,

2H), 1.64i 1.52 (m, 2H):2*C NMR (151 MHz, CDG)) U 163 . 69, 113§ 6. 4
107.2, 65.4, 33.4, 28.2, 27.4, 24.3, 6.8; FTIR {12943 2861, 1596, 1578, 1449,
1304, 1232, 1030, 789; HRMS (Cl) m/z, calculated forfzINO]*: 306.0355;

found: 306.0354.

1) 1.2 equiv C|/\/\/OAC Ph

o 0 1.03 equiv Na'OBu N=N
‘)\)\‘ 0.1 equiv Nal, DMF, 90 °C \
O O » Ph— X “Ph

2) 1.39 equiv phenylhydrazine
EtOH, 75 °C
3) 5 equiv LIOH.H,0

THF/H,O/MeOH, rt §1.22 OH
Ph, 1.2 equiv I, Ph,
N—N 1.2 equiv PPhy N—N
N \ Ph 1.3 equiv imidazol: N \ Ph
DCM,0°Ctort
S1.22 OH S1.23 |
Ph, S1.22 A 100 mL oven driedoundbottomflask charged
N_
PN ~ph with a stir bar was cooled under a streammitrfogen; and then

sodium iodide (3 mmol, 450 mg), sodiunbutoxide (31 mmol,
S1.22 OH 598 g), DMF (30 mL), and 1;8iphenylpropand,3-dione (30
mmol, 6.72 g) were sequentially added to the fladke mixture was stirred for 10
minutes at room temperature, followed by addition-chfbrobutyl acetate (36 mmaol,
4.95 g). The flask was placed in an oil bath at 90 °C and stirred for 20 hours. After
cooling down to room temperature, 200 mL ether wateddand the organic phase
was washed with water (3x200 mL) and brine (100 mL), dried over Mg&t@ the

solvent was removed under reduced pressure. The crude was partially purified by flash
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silica gel column chromatography (90:10 to 60:40 hexanes: etbtdta). It was then
dissolved in a mixture of 40 mL ethanol and phenylhydrazine (43 mmol, 4.65 g) in a
100 mLroundbottomflask and the reaction was stirred at 75 °C in an oil bath under
nitrogen for 24 hours. Ethanol was then removed under reducedingresbe crude

was dissolved in THF (100 mL) and then a solution of LIOH.H20 (150 mmol, 6.3 g)
in water (25 mL) was added to the mixture while stirring vigorously, followed by
MeOH to change biphasic mixture into a singlease mixture (approximately 25 mL

After 2 hours, 200 mL ethyl acetate was added and the organic phase was washed with
water (2x200 mL) and brine (100 mL), dried over MgS@nd the solvestwere
removed under reduced pressure. The crude was purified by flash silica gel
chromatography @10 to 60:40 hexanes: ethyl acetate). The solid was then
crystallized from ethyl acetate/hexanes and the crystals were washed with ether to
afford 3.56 g (32% over 3 steps) white crystals. mp=12F °C;'H NMR (600 MHz,

CDClL) U i 7.73§m, 2H), 7.45 (ddl = 8.4, 6.9 Hz, 2H), 7.37 (m, 4H), 7.26 (tdt,

=8.2, 6.2, 1.6 Hz, 7H), 7.237.17 (m, 1H), 3.44 (q) = 6.0 Hz, 2H), 2.68 (t) = 7.4

Hz, 2H), 1.471.38 (m, 4H), 1.07 0.98 (br m, 1H)13C NMR (151 MHz, CDGJ)) U
1512, 141.6, 140.2, 134.3, 131.1, 130.2, 128.8, 128.7, 128.6, 128.5, 128.1, 127.8,
126.8, 124.8, 119.2, 62.6, 32.4, 26.7, 23.5; FTIRYcB894, 2937, 2863, 1596, 1499,
1453, 1361. HRMS (El) m/z, calculated for 2f824N>0]": 368.1889; found:

368.1896.
Ph,
N_'}l S1.23: According togeneral procedure $51.22(9 mmol,
N
Ph Ph 3.31 g),iodine (10.8 mmol, 2.74 g), triphenylphosphine (10.8 mmol,
S1.23 |
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2.84 g), and imidazole (11.7 mmol, 796 mg) in DCM (30 mL) for 1 hour, afforded,
after flash silica gel chromatography (90:10 hessanethyl acetate), alkyl iodide
S1.23(3.98 g, 93%) as a white solid. mp =-9% °C;'H NMR (600 MHz, CDC4) U
7.781 7.74 (m, 2H), 7.46 (t, J = 7.6 Hz, 2H), 74%.33 (m, 4H), 7.32 7.23 (m, 6H),
7.231 7.16 (m, 1H), 2.97 (t, J = 7.0 Hz, 2H), 2.7@.56(t, J = 7 Hz, 2H), 1.67 (pJ) =
7.1 Hz, 2H), 1.50 (p) = 7.1, 2H);®C NMR (151 MHz,CDG)) U0 151. 2, 141. 7
134.2, 131.0, 130.2, 128.81, 128.78, 128.68, 128.56, 128.16, 127.89, 126.87, 124.8,
118.7, 33.3, 31.4, 22.8, 6.5; FTIR (¢n3058, 2936, 196, 1498, 1452, 1361, 761,
697. HRMS (EI) m/z, calculated for §6H23IN2]*: 478.0906; found: 478.0902.

1.22 equiv I,

1.2 equiv PPh,
1.3 equiv imidazole

AN
Br/W\/OH . Br |
DCM, 0 °C to rt S1.24
Brr NN S1.24 According to general procedure D 6
S1.24

bromohexari-ol (10 mmol, 1.81 g)iodine(12.2 mmol, 3L g),
triphenylphaphine (12 mmol, 36.g), and imidazole (13 mmol, 884 mg) in DCM (30
mL) for 4 hours, afforded, after flash silica gel chromatography (100:0 hexanes : ethyl
acetate), alkyl iodid&25(2.51 g, 86%) as a clear otH NMR (600 MHz, CDCY) U
3.41 (,J = 6.8, 2H), 3.19 () = 6.9, 2H), 1.92 1.79 (m, 4H), 1.52 1.38 (m, 4H);
3CNMR (151 MHz,CDG)) G 33. 7, 33. 4, 32. 7, 29. 8, 27
S1.24is a known compound and its spectra are in accord with published

datal!
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1 atm H,, S1.25

OH
o 1) 1.2 equiv MeMgCl
Me
THF, rt -
2) 10% Pd/C  MeO
H

MeOH, rt
1.2 equiv |,

/@/M
o I
1.2 equiv PPhg
Me 1.3 equiv imidazole Me
o
DCM,0°Ctort MeO

S1.25 S1.26

MeO
MeO

' S1.25 a 100 mL flame driedoundbottom flask

/©/\)\ Me charged with a stibar was cooled under a stream of
e S26 nitrogen.p-methoxycinnamaldehyde (20 mmol, 3.24 g) and
THF (40 mL) were added under nitrogen and the flask was placed in a water bath.
MeMgCl (3M in THF, 24 mmol, 8 mL) was added drop wise to the flask and the
mixture strred at room temperature for 4 hours. Then 20 mL saturate€iiiwas
added to quench excess Grignard reagent, followed by 50 mL water and 150 mL ether.
The organic layer was separated, dried over Mg®@d the solvent was removed
under reduced pressurThe crude was dissolved in 50 mL methanol in a 100 mL
roundbottomflask and 5% Pd/C (1@t %, 324 mg) was added. The mixture stirred
under an atmosphere of hydrogen (balloon) at room temperature for 14 hours. The
mixture was filtered through Celite anthethanol was removed under reduced
pressure. The crude was purified by flash silica gel chromatography (90:10 to 75:25
hexanes : ethyl acetate) to afford 2.70 g (81%, over 2 steps) product as a pale yellow
oil. 'H NMR (600 MHz, CDC4) U i 7.091(/%, 2H, 6.8671 6.81 (m, 2H), 3.85
3.79 (m, 1H), 3.79 (s, 3H), 2.70 (ddbz 13.9, 9.5, 6.1 Hz, 1H), 2.62 (dd#i= 13.9,
9.3, 6.8 Hz, 1H), 1.80 1.68 (m, 2H), 1.22 (d] = 6.2 Hz, 3H);3C NMR (151 MHz,
CDClk)y U4 157. 9, 134. 2, 12193,288. 114. 0, 67. 6,
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S1.25is a known compound and its spectra are in accord with published

datal!?

|
S1.26 According togeneral procedure,[$1.25(10
Me

mmol, 1.8 g)jodine (12 mmol, 3.8 g), triphenylphosphine
MeO S27

(12 mmol, 3.6 g), and imidazole (13 mmol, 884 mg) in
DCM (30 nl) for 4 hours, afforded, after flash silica gel chromatography (100:0 to
95:5 hexanes : ethyl acetate), alkyl iodi827 (2.81 g, 97%) as a colorless oiH
NMR (600 MHz, CDC4) U 1 7.101(®, 2H), 6.88 6.80 (m, 2H), 4.10 (dqd] =
9.1, 6.9, 4.5 Hz, 1H), 3.79 (s, 3H), 2.79 (ddd; 13.9, 8.8, 5.1 Hz, 1H), 2.64 (ddi=

13.9, 8.8, 7.1 Hz, 1H), 2.13 (dtdl= 14.2, 8.9, 5.1 Hz, 1H), 1.94 (d= 6.8 Hz, 3H),

1.84 (dddd,J = 14.7, 8.9, 7.1, 4.5 Hz, 1H}3C NMR (151 MHz, CDGJ) a 158.

132.9, 129.6, 114.0, 55.4, 44.8, 35.1, 29.9, 29.1.

S1.26is a known compound and its spectra are in accord with published

datall?

OH
1) NaOH, EtOH/H,0, rt

O S
0 2) NaBH,, MeOH, rt 0] o)
SO NSO AR DS,
1.27

3) 1 atm H,, MeOH, rt 0 o]

1.2 equiv Iy

1.25 equiv PPhg
< O O O, 1.25 equiv |m|dazole< O O >
§1.27 DCM, 0 °C to rt S1.28

S1.27 A 200 mLroundbottomflask was
< O S1.27 O > charged with EtOH (40 mL), acetone (25 mmol,
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1.82 mL), and Piperonal (50 mmol, 7.5 g), sequentially, followed by 10%HN\&O

mL) and the mixture stirred at room temperature for 1 hour; after which the flask was
placed in an ice bath and stirred for another 10 minutes. Then the yellow precipitate
was filtered, washed with 200 mL water and crystallized from (EtOH/EtOAc/Aegto
1:1:3) to afford 4.07 g yellow crystals (50%). The crystals (10 mmol, 3.22 g) were
dissolved in MeOH (100 mL) in a 200 mL flask while stirring and NaB&0 mmol,

2.28 g) were added #hportions over 1 hour. The mixture stirred at room temperature
overnight, then MeOH was evaporated under reduced pressure. To the crude was
added 200 mL DCM, followed by slow addition of 1 M kiglto quench excess
borohydride. The organic phase was washed with water (200 mL). The aqueous phase
was extracted with DCM §50 mL). The combined organic phase was dried over
MgSQy, and the solvent was removed under reduced pressure. The crude was added to
a 200 mLroundbottomflask charged with a stir bar, followed by 100 mL MeOH. The
mixture stirred under an atmosphere of(bhlloon) at room temperature for 4 hours.
After which the mixture was filtered through Celite, the solvent was removed under
reduced pressure and the crude was crystallized from EtOAc/hexanes taS4ffard

(1.87 g, 57% over 2 steps) as white crystalp. = 98100 °C;*H NMR (400 MHz,

CDCl) U 6J=73 HZ, 2H), 6.68 (d) = 1.6 Hz, 2H), 6.63 (dd] = 7.9, 1.7 Hz,

2H), 5.92 (s, 4H), 3.62 (td,= 7.7, 4.0 Hz, 1H), 2.70 (ddd,= 14.9, 9.0, 6.3 Hz, 2H),

2.59 (dddJ = 13.8, 9.0, 7.0 Hz, 2H), 1.821.65 (m, 4H), 1.38 (br s, 1H¥C NMR

(151 MHz, CDC}) a 147. 6, 145. 7, 135. 8, 121. 1, 10
FTIR (cm?) 3350, 2918, 1501, 1486, 1246, 1010. HRMS (El) m/z, calculated for
[C1oH200s]*: 328.1311; found: 328.1318.
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o | o S1.28 According to general procedure

<oo> D, S1.27(10.36 mmol, 3.45 g)iodine (12.43
mmol, 3.16 g), triphenylphosphine (12.95

mmol, 3.4 g), and imidazole (12.95 mmol, 881 mg) in DCM (30 mL) for 16 hours,
afforded, after flash silica gel chromatography (100:0 to 8%&%anes : ethyl
acetate), alkyl iodid&1.28(3.72 g, 80%) as a white solid. mp =79 °C;H NMR
(600 MHz, CDC¥) U 6J=7/® HZ, 2H), 6.66 (d) = 1.7 Hz, 2H), 6.62 (dd] =
7.9, 1.7 Hz, 2H), 5.93 (s, 4H), 3.95 @t= 8.9, 4.2 Hz, 1H), 2.79 (ddd,= 13.9, 8.9,
5.1 Hz, 2H), 2.62 (ddd) = 13.8, 8.9, 6.8 Hz, 2H), 2.15 (dtd= 14.3, 9.0, 5.1 Hz,

2H), 1.93(dddd,J = 14.7, 9.0, 6.9, 4.2 Hz, 2HJC NMR (151 MHz,CDCJ) U 147 .

146.0, 134.6, 121.4, 109.0, 108.3, 101.0, 42.6, 37.9, 35.4; FTIR) (2891, 1502,
1488, 1442, 1246, 1039, 935, 810. HRMS (El) m/z, calculated fesH[@O4]*:
438.0328; found: 4368327.

1.2 equiv I
1.2 equiv PPhg

FsCmMe NaBH,, FSC\©/\(M9 1.3 equiv imidazole F30\©/\(Me
—_—
O MeOH,0°C OH DCM, 0 °C to rt '

S$1.29 $1.30

FaC Me S1.29 To a solution of 13-

81_290H (trifluoromethyl)phenyl)propai2-one (15 mmol, 3.03 g) in

MeOH (30 mL) at 0 °C, was added NaB{5 mmol, 2.85 g)

slowly over 5 min. the mixture stirred for 1 hour at 0 °C, was themapesl with
saturated NEClag). Water (150 mL) was added and the aqueous layer was extracted

with DCM (2x150 mL). The organic layer was dried over MgS&hd removed under
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reduced pressure. The crude was used in next step without further purificatiog, (2.99
98% light yellow oil)lH NMR (600 MHz, CDC4) U 1 7.465m, 2H), 7.46 7.37

(m, 2H), 4.05 (dgdJ = 10.6, 5.9, 3.0 Hz, 1H), 2.84 (dd= 13.7, 4.9 Hz, 1H), 2.77
(dd,J = 13.6, 7.8 Hz, 1H), 1.50 (br m, 1H), 1.26 {d 6.2 Hz, 3H):13C NMR (151
MHz, CDCk) U 139. 7J,=3203H2), 12910, 12620 (4,= 3.8 Hz), 124.31
(q,Jd = 272.2 Hz), 123.48 (), = 3.9 Hz, 68.8, 45.5, 23.3%F NMR (376 MHz, CDG))

U -62.56; FTIR (crm) 3360, 2973, 2932, 1597, 1450, 1332, 1125; HRMS (EI) m/z,
calculatel for [Ci1oH11F30]": 204.0762; found: 204.0771.

Fscmme S1.30 According togeneral procedure ,051.29 (10
|

S1.30 mmol, 2.03 g),jodine (12 mmol, 3.6 g), triphenylphosphine
(22 mmol, 3.8 g), and imidazole (13 mmol, 884 mg) in DCM

(30 mL) for 20 hours, afforded, aftéliash silica gel chromatography (100:0 to 95:5
hexanes : ethyl acetate), alkyl iodifi81(2.55 g, 82%) as colorless oiH NMR (600
MHz, CDCk) U 1 7.515rd, 1H), 7.48 7.41 (m, 2H), 7.41 7.36 (m, 1H), 4.38
4.24 (m, 1H), 3.30 (dd] = 14.3, 7.7 Hz, 1H), 3.14 (dd,= 14.3, 6.9 Hz, 1H), 1.93 (d,
J=6.8Hz, 3H)®C NMR (151 MHz,CDCJ) & 140. 6, 1332Hz), 130. 9
129.04, 18.84 (q,J = 3.8 Hz), 124.23 (q] = 272.5 Hz), 123.91 (4} = 3.8 Hz), 49.1,
28.3, 27.2;'% NMR (565 MHz, CDGJ) -6R.61; FTIR (crit) 2966, 2919, 1491,
1450, 1330, 1165, 1126. HRMS (CI) m/z, calculated foroHGoF2l]* ([M-F]*):
294.9795; found: 294.973
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1.2 equiv I,
1.2 equiv PPhg

1.3 equiv imidazole
OH o |
DCM, 0°Ctort

S1.31
ml S1.31 According to general procedure ,D2,3-dihydro-1H-
inden2-ol (15 mmol, 2.01 g), iodine (18 mmol, 4.57 g),

S$1.31

triphenylphosphine (18 mmol, 4.74 g), and imidazole (19.5 mmol,

1.33 g) in DCM (30 mL) for 2 hours, affded, after flash silica gel chromatography
(100:0 to 95:5 hexanes : ethyl acetatdkyl iodide S1.31(3.96 g, 81%) as a white
crystalline solid!H NMR (600 MHz, CDCJ) U 7 .J2 9.5, 8.2z, 2H), 7.24
(dd,J = 5.5, 3.2 Hz, 2H), 4.78 4.69 (m, 1H), 3.51 (dd] = 16.8, 6.5 Hz, 2H), 3.42

(dd,J = 16.8, 5.0 Hz, 2H)"*C NMR (151 MHz,CDCJ) U 141 . 6, 127.

24.0.

S1.31is a known compound and its spectee in accord with published

datal®

mo SOCl,, reflux
—>

OH

(ﬁ 3 equiv K3PO, C’/U\O\
N DCM/H 0, \_s OH
H

S OH
0°Ctort S$1.32
O 1.2 equiv I,
~ N 1.2 equiv PPhy
\ 1.3 equiv |m|dazole \
S OH S
$1.32 DCM, 0°C to rt S1.33
q S1.32 Thiophene2-carboxylic acid (50 mmol, 6.4 g)
S N
CS/\L Q\OH was added to a 25 mbundbottomflask followed by thionyl
S1.32
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chloride (15 mL) and the mixture was refluxed for 3 hours under inert atmosphere.
After coolingto room temperature, the excess thionyl chloride was removed under
reduced pressure and the resulting acyl chloride was directly used in next step.
According to general procedui& thiophene2-carbonyl chloridein 20 ml DCM,
piperidin4-ol (75 mmol, 8.2 g), and KPQ4 (150 mmol, 31.8 g) in DCM (50 mL) and
water (75 mL) were reacted. After 30 minutes, 400 mL ethyl acetate was added; the
organic phase was washed with 1M Na&H150 mL), 1M HClag(150 mL), and

water (150 mL); dried over MgSQandthe solent was removed under reduced
pressure. The white solid that formed was washed hexanes (100 a@.},1B0 mL),

and was used in next step without further purification (7.14 g, 63%NMR (600
MHz,CDCk) U4 7 J430, I(1dHd, 1H), 7.28 (dd,= 3.6, 1.1 Hz, 1H), 7.04 (dd,
J=5.0, 3.6 Hz, 1H), 4.17 4.04 (br m, 2H), 4.00 (tq] = 8.0, 3.9 Hz, 1H), 3.42 (m,

2H), 2.001 1.88 (m, 2H), 1.59 (m, 2H}3C NMR (151 MHz, CDG)) & 163. 7,
128.6, 128.5, 126.7, 66.8, 42.9, 34.3.

S1.32is a known compend and its spectra are in accord with published

datal®®
0
O/U\N S1.33 According to general procedure ,DS1.32 (15
~
\_s ©\| mmol, 3.4 g), iodine (18 mmol, 4.57 g), triphenylphosphine (18
$1.33

mmol, 4.74 g), and imidazole (19.5 mmol, 1.33 g) in DCM (50
mL) for 8 hours, afforded, after flash silica gel chromatography (80:20 to 70:30
hexanes : ethyl acetate) and crystation from DCM/hexanes, alkyl iodid81.33
(3.16 g, 63%) as a white crystalline solid. mp =881.°C; 'H NMR (600 MHz,
CDCk) U 7 .J45.1, {.AHE,1H), 7.28 (dd,= 3.7, 1.2 Hz, 1H), 7.05 (dd,=
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5.0, 3.6 Hz,1H), 4.55 (pJ = 5.8 Hz, 1H), 3.89 (dt] = 13.7, 5.4 Hz, 2H), 3.64 (dl,=
13.7, 5.6 Hz, 2H), 2.12 (g} = 5.6 Hz, 4H);'3C NMR (151 MHz, CDCG)) U ,163. 9
136.9, 128.8, 128,7126.8 45.4 37.6, 26.8 FTIR (cni%) 3081, 2949, 2920, 2860,

1620, 1436, 1272989, 735. HRMS (El) m/z, calculated for fE1JONS]*:

320.9684; found: 320.9696.

1.2 equiv |
QH 1.2 equiv P|32h3 I
1.3 equiv imidazole
.
0 DCM,0°Ctort (0)
S1.34
| ,
S1.34 According to procedure E, tetrahyelbl-pyran4-ol (30 mmol,
fj 3.06 g),iodine (36 mmol, 9.14 g), triphenylphosphine (36 mmol, 7y, and

S1.34 imidazole (39 mmol, 2.65 g) in DCM (80 mL) for 16 hours, afforded, after

flash silica gel chromatography (100:0 to 95:5 hexanes : ethidtagealkyl
iodide S35(4.13 g, 65%) as a pale yellow diH NMR (600 MHz, CDCY) U 4. 45 (t «
J=8.2, 4.2 Hz, 1H), 3.82 (d§,= 11.3, 4.3 Hz, 2H), 3.53 (ddd,= 11.6, 7.3, 4.0 Hz,

2H), 2.21i 2.09 (m, 4H)23C NMR (151 MHz,CDG)) & 68. 0, 38.9, 25. 4

S1.34is a known compound and its spectra are in accord with published

datall®
Me, OH 2 equiv Nal Me |
é 2 equiv MeSOzH é
—_—
MeCN, 0 °C to rt
$1.35
Me,_ | . . . -
S1.35 according to literature procedut¥,sodium iodide (60 mmol,
9 g) and imethylcyclohexanol (30 mmol, 3.42 g) were added to a 200 mL

S1.35
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roundbottomflask, followed by acetonitrile (100 mL). The flask was placed in an ice
bath and methaselfonic acid was added drop wise to the mixture while vigorously
stirring. After the addition was over, the ice bath was removed and the mixture stirred

at room temperature for 30 minutes. Then 200 mL ether was added and the organic
phase was washed wittater (100 mL), saturated NaH@@;) (100 mL), NaS$03 (aq)

(2 M, 100 mL), and brine (100 mL); dried over Mg&®@emoved under reduced
pressure. The crude was purified by flash silica gel chromatography (100% hexanes)
to afford 2.37 g (35%%1.35as a pat yellow oil;'H NMR (600 MHz, CDC§) &4 2. 15
(dt, J = 14.4, 2.7 Hz, 2H), 2.11 (s, 3H), 1.74L.60 (m, 5H), 1.24 (ddt] = 13.4, 5.9,

3.5 Hz, 1H), 1.01 (m, 2H}3C NMR (151 MHz,CD&) & 59.5, 46. 1, 39.
FTIR (cm?) 2931, 2857, 1443, 1245, 31; HRMS (CI) m/z, calculated for j8l1l] *:
224.0062; found: 224.0060.

@)
3 equiv K3P04 F3C ,\O\/
DCM/HZO OH
0°Ctort CF,

@) 1.2 equiv I,
FsC 1.2 equivPPh;  F.C
’\O\/ 1.3 equiv |m|dazole O\/
DCM, 0°C to rt
CFs CF, S1.36
Q .
FoC \ S1.36 According to general procedute, 3,5
O\/| bis(trifluoromethyl)benzoyl chloride (100 mmol, 27.66
CFs3 g1.36 g) in 40 mL DCM, piperidinet-ylmethanol (150 mmip

17.25 g), and ¥PQs (300 mmol, 63.6 g) in DCM (150

mL) and water (150 mL) afforded 34.45 g (97%) as white crystals which were used in
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next step without further purificatioccording togeneral procedure ,Rhe alcohol
(20 mmol, 7.1 g)iodine (24 mmo| 6.1 g), triphenylphosphine (24 mmol, 6.31 g), and
imidazole (26 mmol, 17g) in DCM 60 mL) for 1.5 hours, afforded, after flash silica
gel chromatography (90:10 to 70:30 hexanes : ethyl acetate), alkyl ©#i86(5.31
g, 57%) as a white crystallireolid. mp = 117119 °C;'H NMR (600 MHz, CDCJ) i
7.94 (m, 1H), 7.89 7.83 (m, 2H), 4.74 (br s, 1H), 3.63 (br s, 1H), 3.14 (br s, 3H),
2.83 (br s, 1H), 1.97 (m Hz, 2H), 1.78 (tdds 11.5, 6.6, 3.1 Hz, 1H), 1.411.09 (m,
2H); ®C NMR (151 MHz,CDG) U 167 . 2, J=388 Hz), 12148RJ 3
= 2.7 Hz), 123.61 (p) = 3.8 Hz), 123.02 (o = 273.0 Hz), 47.8, 42.5, 38.7, 33.3,
32.3, 12.2°F NMR (565 MHz, CDG) -62.97; FTIR (crit) 2939, 2861, 1644,
1445, 1280, 1175, 1138. HRMS (ESI) m/z, calculated faeHGFsINO]* ([M+H] *):
466.0097found: 466.0105.

1.2 equiv |,

1.2 equiv PPhg
1.3 equiv imidazole

DCM,0°Ctort S$1.37
NN .
Z S1.37 ! S1.37 According togeneral procedure ,l>-hexenl-ol (20

mmol, 2 g),iodine (24 mmol, 61 g), triphenylphosphine (24 mmol,
6.31 g), and imidazole (26 mmol, Z.@) in DCM (70 mL) for 3 hours, affordedfter
flash silica gel chromatography (10Q8éntane), alkyl iodid&1.37(2.29 g, 56%) as a
colorless oil.'H NMR (600 MHz, CDCJ) a 5.J=917.Q, o2t 6,7 Hz, 1H),
5.02 (dg,J = 17.1, 1.7 Hz, 1H), 4.97 (ddi,= 10.2, 2.2, 1.3 Hz, 1H), 3.19 (= 7.0
Hz, 2H), 2.1 2.03 (m, 2H), 1.84 (dt] = 14.6, 7.1 Hz, 2H), 1.581.47 (m, 2H)3C
NMR (151 MHz,CDC$) u 1 3 8332,32.8 298,.68.
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S1.37is a known compound and its spectra are in accord with published

datal!®

OH

3 equiv Et3N o
/©)kcl equiv 3 /©)‘\”\
+ £ DCM
F NH, 0°Ctort F S1.38
(+/-) (+/-)
o OH 1.2 equiv |, o o
1.2 equiv PPhy O
O)LN‘\“ 1.3 equiv imidazole /©)\N““
H > H
F S1.38 DCM,0°Ctort F cis-1.156
(+/-) (+/-)
OH
Q S1.38 According to general procedurk, 4
w
/©)LH Fluorobenzoyl chloride (100 mmol, 15.85 @) in 40 mL
F .
S(lf)e DCM, trans4-aminocylohexanol (100 mmol, 11.5 g),

and NaOH (200 mmol, 8 g) in DCM (100 mL) and water
(100 mL) afforded a wike solid that was crystallized from ethanol to give 13.24 g
S1.38white crystals (54%). mp = 23133 °C;'H NMR (600 MHz, DMSGds) U 8. 19
(d,J=7.8 Hz, 1H), 7.93 7.86 (m, 2H), 7.31 7.22 (m, 2H), 4.56 (d] = 4.4 Hz, 1H),
3.70 (tdt,J=11.6, 7.9, 4.0 Hz, 1H), 3.39 (ddt= 14.7, 10.7, 4.2 Hz, 1H),.8971 1.76
(m, 4H), 1.427 1.31 (m, 2H), 1.23 (tdd] = 13.0, 10.4, 3.2 Hz, 2k*3C NMR (151
MHz, DMSO-ds) U 164. 3352415H), B34.20 (di=, 3.0 Hz), 129.77
(d, J=8.9 Hz), 114.91 (d) = 21.6 Hz), 68.3, 47.9, 34.2, 30F NMR (565 MHz,
DMSO-ds) -109.98; FTIR (crt) 3300, 2919, 1631, 1540, 1505, 1384. HRMSIJE
m/z, calculated for [GH17FNOy] " ([M+H] *): 238.1238; found: 238.1235.
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\\\\I
o O cis-1.156 According togeneral procedure ,[$1.38
N

H (10 mmol, 2.37 g), iodine (10 mmol, 2.54 g),
F is-
0'8(1}_1)56 triphenylphosphine (10 mmol, 2.63 g), and imidazole (10

mmol, 680 mg) in DCM (70 mLfor 20 hours, afforded,
after flash silica gel chromatography (90:10 to 80:20 hexanes : ethyl acetate), and
crystallizing from DCM/pentanealkyl iodide cis-1.56 (668 g, 19%) as a white solid.
mp = 154156 °C;'H NMR (600 MHz, CDCJ) & 1 7.739m, 2H), 7.12 () = 8.4
Hz, 2H), 6.00 (s, 1H), 4.77 (s, 1H), 4.08 (m, 1H), 2.22.04 (m, 2H), 1.95 (m, 2H),
1.80 (m, 4H)*C NMR (151 MHz,CDG)) U 165 . 8 3=25210644),.18009 ( d ,
(d,J = 3.2 Hz), 129.34 (d] = 8.9 Hz), 115.8 (d,J = 22.0 Hz), 47.8, 35.6, 33.4, 29.8;
19 NMR (565 MHz, CDGJ) -1D8.27; FTIR (crit) 3296, 2940, 1634, 1603, 1545,
1502, 1331, 1229, 1160. HRMS (ESI) m/z, calculated fagHGFINO]* ([M+H]*):
348.0255; found: 348.0250.
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OH
0
3 equiv Et3N /O)LN
H
DCM
NH2

0°Ctort F 81 39
1.2 equiv I, Y
1.2 equiv PPhy Q
/(j)k 1.3 equiv |m|dazole /@)L
31 39 DCM,0°Ctort trans 1 156

S1.39:A 200 mL oven driedoundbottomflask

/©)L was charged withcis-4-aminocyclohexanol (10 mmol,
$1.39

(+) 1.15 g), triethylamine (30 mmol,@ g), and DCM (100
mL). The flask was placed in an ice bath add

Fluorobenzoyl chlorideissolved in 10 mL DCMvas added drop wise to the solution.

After addition was complete, the ice bath was removed and reaction stirred at room

temperature for 2 hours. The organic phase was washed with water (50 mL), 1 M HCI

(2x50 mL), and 1 M NaOH (50 mL); then it was driedMgSQs and removed under

reduced pressure. The crude was purified with flash silica gel chromatography (50:50

to 20:80 hexanes : ethyl acetate) to afford 1.59 g (67%loite crystalline solidmp
= 144146 °C;'H NMR (600 MHz, CDGJ) U i 77.6B(t, 28, 7.141 6.98 (m,
2H), 6.07 (d,J = 7.8 Hz, 1H), 4.03 (m, 1H), 3.97 (m, 1H), 1.84.70 (m, 8H)::3C
NMR (151 MHz, CDC§) G 165 . 8 3= 25176Hk), IBB19 (dik=,3.2 Hz),
129.27 (dJ = 8.6 Hz), 115.68 (d] = 22.0 Hz), 66.2, 47.5, 31.5, 27 4F NMR (565

MHz, CDCk) -108.46;FTIR (cn®) 3309, 2932, 1637, 1604, 1545, 1502, 1383,

1231 HRMS (ESI) m/z, calculated for f@H17FNOz]* ([M+H]*): 238.1238; found:
238.1235.
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R |

o trans-1.156 According to general procedure ,D

” S1.39 (5.5 mmol, 1.3 g),lodine (5.5 mmol, 14 gq),

F trans-1.156

(+/-) triphenylphosphine (5.5 mmol, 1.45 g), and imidazole (5.5

mmol, 374 mg) in DCM (20 mL) for 20 hours, afforded,
after flash silica gel chromatography (90:10 to 88:12 hexanes : ethyl acetate), and
crystallizing from DCM/pentanealkyl iodide trans-1.156 (350 g, 18%) as a white
solid. mp = 186182 °C;'H NMR (600 MHz, CDCJ) U 1 7.697r8, 2H), 7.10 (1]
= 8.6 Hz, 2H), 5.79 (s, 1H), 4.09 (m, 1H), 4.03 (m, 1H), 2.2837 (m, 2H), 2.13 (qd,
J=12.5, 3.5 Hz, 2H), 2.07 1.96 (m, 2H), 1.35 (qd] = 12.7, 3.5 Hz, 2H)}*C NMR
(151 MHz, CDC}) @ 165 . 8 43 251.%H4), 180605 (d,b=, 3 Hz), 129.27
(d, J = 8.7 Hz), 115.77 (d) = 21.9 Hz), 47.6, 38.8, 35.1, 26F NMR (565 MHz,
CDClk) -108.16; FTIR (crf) 3333, 2918, 1632, 1543, 1501, 1383, 1229. HRMS
(ESI) m/z, calculated for [GH16FINO]* ([M+H] *): 348.0255found: 348.0252.
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1.12.8 Synthesis of Starting Nitroalkanes
Note: The reactions and the yields to synthesize starting nitroalkanes are not

optimized

S1.40 S1.40 6-nitrohexl-ene is made according to the
literature procedure and its spectra are in accord putilished
datal’®H NMR (600 MHz, CDCJ) & 5 .J% 16.9(10.8, 6.7 Hz, 1H), 5.04 (dq,
J=17.1, 1.6 Hz, 1H), 5.01 (ddi,= 10.2, 2.0, 1.2 Hz, 1H), 4.39 (= 7.0 Hz, 2H),
2.197 2.09 (m, 2H), 2.03 (pJ = 7.1 Hz, 2H), 1.57 1.46 (m, 2H);*C NMR (101
MHz,CDCk) U 137 . 4 32.8126.3, 254, 75. 5,
O
EtOJ\/\/NOQ 1.65 ethyl 4nitrobutanoate is a known compound and
1.65 its spectra are in accord with published d&tdH NMR (600
MHz, CDCk) U 4J=4.8 Hz( 2H), 4.16 (q) = 7.1 Hz, 2H), 2.46 () = 7.0 Hz,
2H), 2.31 (pJ = 6.9 Hz, 2H), 1.27 (J = 7.1 Hz, 3H):33C NMR (151 MHz, CDCJ) i
172.0, 74.5, 61.0, 30.6, 22.5, 14.3.
0
fBqu\/\/NOZ S1.41 tert-butyl 4-nitrobutanoate is made according to
S1.41 the literature procedure and its spectra are in accord with
published dat&'*H NMR (600 MHz, CDCY) U 41=6B% (t ,
Hz, 2H), 2.37 (tJ = 6.9 Hz, 1H), 2.26 (pJ = 6.8 Hz, 1H), 1.45 (s, 9H}3C NMR
(151 MHz, CDC}) U ,8173174.8, 31.8, 28.2, 22.7.
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0
Me)l\/\/NOZ S1.42 5-nitropentar2-one is a known compound and its

§1.42 spectra are in accord with publishedadd?H NMR (600 MHz,
CDCl) U 4J.=#.8 Hz( 2H), 2.59 (t) = 6.8 Hz, 2H), 2.23

~

(p, J = 6.7 Hz, 2H), 2.15 (s, 3H}3C NMR (151 MHz, CDGJ)) U 206.5, 74. 6

30.1, 21.2.
o/_\o S1.43 2-methyk2-(3-nit )-1,3-dioxol [ d
: -methyt2-(3-nitropropyl)-1,3-dioxolane is made
Me” S~ ANO2 . . . .
S1.43 according to the literature procedure and its spectra are in accord

with published dat®'H NMR (600 MHz, CDCJ) U0 4J=42 ('t ,
7.1 Hz, 1H), 3.99 3.95 (m, 1H), 3.95 3.90 (m, 1H), 2.17 2.07 (m, 1H), 1.79
1.71 (m, 1H), 1.32 (s, 2HC NMR (151 MHz, CDG) U 109. 3, 75. 7,
24.0, 22.2.

\\\/\/Noz S1.44 4-nitrobutanenitrile is a known compound and its
S1.44 spectra are in accord with published dafdH NMR (400 MHz,
CDCl) 837 4.46 (t,J = 6.4 Hz, 2H), 2.57 (t) = 7.0 Hz, 2H), 2.36 (p] = 6.8 Hz,
2H); ®C NMR (101 MHz,CDC)) & 117.9, 73.0, 23.2, 23.0,

N
ACO/\/\/ O,

S1.45 S1.45 4-nitrobutyl acetate is made according to the

literature procedure and its spectra are in accord withghelol
datal®®1%®H NMR (600 MHz, CDC§) U 4J.=4.8 Hz( 2H), 4.12 (t) = 6.2 Hz,
2H), 2.151 2.07 (m, H), 2.06 (s, 3H), 1.79 1.70 (m, 2H);23C NMR (151 MHz,
CDClk)y U0 171. 0, 75. 2, 63. 3, 25. 7, 24 . 3, 21. 0
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MeN02

NH,OAc NaBH,
e ACOH /@/\/NOZ Silica gel /@/\/NO
MeO somca’uon /PrOH, CHCl, MeO S1.46
NO, . .
/©/\/ S1.46 1-methoxy4-(2-nitroethyl)benzene is made
MeO S1.46 according to the literature procedtffe?®ard its spectra are

in accord with published dat&’*H NMR (600 MHz, CDCJ)
G 71 7108 (m, 2H), 6.88 6.83 (M, 2H), 4.57 () = 7.4 Hz, 2H), 3.79 (s, 3H), 3.26
(t, J = 7.4 Hz, 2H);**C NMR (101 MHz, CDG)) a4 158. 8, 129. 6, 127
55.2, 32.5.

MeNO,
NH,OAc NaBH,

< D/\ AcOH 0 A N02 Silica gel D/\/
SOI’]IC&'[IOF’I 0 /PI’OH CHClg
1.153

@) NO, . . .
{ :©/\/ 1.153 5-(2-nitroethyl)benzo[d][13]dioxole is made

© 1.153 according to the literature procedtf&t?®and its spectra are in

accord with published datd®H NMR (600 MHz, CDC) U

6.75 (d,J = 7.9 Hz, 1H), 6.68 (] = 1.7 Hz, 1H), 6.65 (dd] = 7.9, 1.8 Hz, 1H), 5.95
(s, 2H), 4.56 (tJ = 7.3 Hz, 2H), 3.23 (1) = 7.3 Hz, 2H)3C NMR (151 MHz, CDGJ)
a 148. 2, 147 .040,108.8 ®1.376.7,1324. . 9 , 1
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1 equiv 1.2 equiv I,
phthallc anhydride 1.2 equiv PPhy
1.3 equiv |m|dazole
NH, "OH Benzene

Dean-Stark DCM, 0°Ctort
s1 A7 S1 48

o)
AgNO2
EﬁNO e Eﬁ@

5 ! H,0, 60 °C

S$1.48 S1.49

CE:EN_/} S1.47: is made according to the literature procedure and its

\ HO spectra are in accord with published d&fdH NMR (600 MHz,
S1.47 CDCk) U 7 .)J&3.4, 8.4z 2H), 7.70 (dd,= 5.4, 3.0

Hz, 2H), 3.70 (tJ = 7.2 Hz, 2H), 3.64 () = 6.5 Hz, 2H), 1.71 (pJ) = 7.4 Hz, 2H),

1.62 (m,2H), 1.467 1.40 (m, 2H);"®*C NMR (151 MHz, CDGJ)) U 168. 6,

132.3, 123.3, 62.8, 38.0, 32.4, 28.5, 23.2.

P S1.48 According to general procedure ,DS1.47 (20
@NO mmol, 4.66 g)jodine (24 mmol, 61 g), triphenylphosphine (24
S1.48 mmol, 6.31 g), and imidazel(26 mmol, 1.7 mg) in DCM (60

mL) for 4 hours, afforded, after flash silica gel chromatography
(90:10 to 75:25exanes : ethyl acetate), alkyl iodi8&.48(6.49 g, 95%) as a white
crystalline solid. mp = 582 °C;'H NMR (600 MHz, CDC4) & 7 .J8%4,30dd,
Hz, 2H), 7.71 (ddJ = 5.5, 3.0 Hz, 2H), 3.69 (] = 7.3 Hz, 2H), 3.18 (t) = 7.0 Hz,

2H), 1.88 (p,J = 7.1 Hz, 2H), 1.76 1.65 (m, 2H), 1.5 1.41 (m, 2H);*C NMR

(151 MHz,CDC}) & 168.5, 134.1, 132.3,TIR(@8. 4,
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1y 2937, 2860, 1771, 1709, 1396, 1188. HRMS (ESI) m/z, calculated for
[C13H1sNOu4l] ¥ ([M+H] ¥): 344.0142; found: 344.0143.

0O

S1.49 According to general proceduffe S1.48 (10
v D
O,N mmol, 3.43 g), Silver nitrite (40 mmol, 6.16 g) in water (20 mL)
o)
S1.49 for 1 haur at 60 °C, afforded, after flash silica gel column

chromatography (85:15 to 60:40 hexanes : ethyl acetate),
nitroalkaneS1.49(1.81 g, 69%) as a white crystalline solid. mp =420°C;H NMR
(600 MHz, CDC}) U 7 .J&5.4, 8.1 dz, 2H), 7.72 (dd,= 5.5, 3.0 Hz, 2H),
4.38 (t,J = 7.0 Hz, 2H), 3.70 (t) = 7.1 Hz, 2H), 2.07 (p] = 7.1 Hz, 2H), 1.75 (p] =

7.3 Hz, 2H), 1.49 1.41 (m, 2H)*C NMR (151 MHz,CDCJ) U 168.5, 134.

123.4, 75.5, 3B, 28.0, 27.0, 23.7; FTIR (chh 2942, 2866, 1772, 1708, 1549, 1436,
1397, 1188. HRMS (ESI) m/z, calculated for1§81sN204]* ([M+H]™): 263.1026;
found: 263.1029.

1.2 equiv I, H
/H\/\/\/OH 1.2 eqUi.v I.DPhS N~~~
Boc 1.8 equiv imidazole  Boc
$1.50 > S1.51
DCM,0°Ctort
H H
AgNO
N~ ~! 2
Boc” ——————» B~ ~ SN0,
S1.51 H20, 1t S1.52
H .
Boc” NS OH S1.50 tert-butyl N-(5-hydroxypentyl)carbamate is
oC
$1.50 madeaccording to the literature procedure and its spectra

are in accord with published ddft.'H NMR (600 MHz, CDCJ) U 4.54 (br
3.64 (1, = 6.5 Hz, 2H), 3.12 () = 6.8 Hz, 2H), 1.62 1.55 (m, 2H), 1.50 (g = 7.3
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Hz, 3H), 1.44 (s, 9H), 1.48 1.36 (m, 3H);2°C NMR (151 MHz, CDG)) U 156 . 2,
62.9, 40.6, 32.4, 30.0, 28.6, 23.1.

Ne~o~! S1.51 According togeneral procedure ,[51.50(15

S1.51 mmol, 3.045 g)iodine (18 mmol, 4.57 g), triphenylphosphine
(18 mmol,4.73g), and imidazole (19.5 mmol, 133ng) in DCM (50 mL) for 4 hours,
afforded, after flash silica gel chromatography (90:10 to 75:25 hexanes : ethyl
acetate), alkyl iodide51.51(4.31 g, 92%) as a pale yellow oiH NMR (400 MHz,
CDCk) U4 4.53 ( Ibd=69Hz 2H),)3.12 (§ = A.8Hz,(2H), 1.83 (pJ
=7.0 Hz, 2H), 1.55 1.36 (m, 13H)*C NMR (101 MHz,CDG) & 156. 0, 79. 2
33.1, 29.1, 28.5, 27.7, 7.0.

S1.51is a known compound and its spectra are in accord with published
datal3?
BOC/H\/\/\/Noz S1.52 According to general procedufg S1.51
$1.52 (10 mmol, 3.13 g), Silver nitrite (40 mmol, 6.16 g) in water

(20 mL) for 1 har at room temperature, afforded, after flash silica gel column
chromatography (90:10 to 80:20 hexanes : ethyl acetate), nitroa#iab2(1.56 g,
67%) as an offvhite crystalline solid. mp = 446 °C;H NMR (600 MHz, CDCJ) U
4.52 (br's, 1H), 4.38 (fl = 6.9 Hz, 2H), 3.13 (q] = 6.7 Hz, 2H), 2.07 1.97 (m, 2H),
1.567 1.50 (m, 2H), 1.48 1.38 (m, 11H);3C NMR (151 MHz, CDG)) U 156. 1,
79.4, 75.6, 40.2, 29.6, 28.6, 27.1, 23.6; FTIR {pm@371, 2984, 2950, 1687, 1564,
1524, 1387, 1364, 1173. HRMS (ESI) m/z, calculated fapH&N204]* ([M+H]*):
233.1496; found: 233.1498.
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1.12.9 Preparation of the Single-componentPre-catalyst

Ph Ph
+ NiBr,.diglyme i» /_l\\l (j_\
N\ 7z
Me /NI\ Me
Br Br
1.72 1.109

A 100 mL ovendried roundbottom flask was cooled under a streaf
nitrogen, then bathocuproine (12.5 mmol, 4.5 g), Nickel(ll) brordiggyme (12.5
mmol, 4.4 g), and THF (70 ml) were added and the mixture stirred at room
temperature for 46 hours. The resulting pink suspension was filtered and the solid was
washed wih 100 mL ether to afford 6.51 g (90%) complex as a pink powder. The
powder was crystallized from DMF/ether for analytical purposes. Tnay>Xquality
crystals were grown from slow evaporation of DCM solution. The powder shows the
same reactivity as crydsain alkylation of nitroalkanesand can be used without
further purification.

The complex 1.109 is a known compound and its spectra anera)X

crystallographic data are in accord with published &atmal. Calculated: C, 53.94%;
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H, 3.48%; N, 4.84%; Found: C, 53.96%; H, 3.52%; N, 4.94%. HRMS (LIFDI) m/z,
calculated for €C26H20BraN2Ni] * ([M] *): 577.9324; found: 577.9309.
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1.12.10Alkylation of Nitroalkanes with Alkyl lodides

NO
ph\/\)\iMe S1.53 according to general procedur®, 1.64 (1.1
S1.53 mmol, 270.6 mg), -hitropropane (1 mmol, 89 mg), potassium

tert-butoxide (1.15 mmol, 128.8&1g), 1.109 (0.1 mmol, 57.8 mg)EtzZn (1 M in
MTBE, 0.2 mmol,0.2 mL) in MTBE (8 mL) and dioxane (4 mL) for 2dours
afforded after flash silica gel chromatography (100:0 to 97:3 hexanes : ethyl acetate),
S1.53(169 mg, 82%) as pale yellow ot NMR (400 MHz,CDCk) & 7. 29 ( m,
7.247 7.15 (m, 1H), 7.15 (m, 2H), 4.40 (tt, J = 9.3, 4.4 Hz, 1H), 2.64 (t, J = 7.4 Hz,
2H), 2.20i 1.89(m, 2H), 1.84i 1.69 (m, 2H), 1.68 1.59 (m, 2H), 0.94 (t, J = 7.4 Hz,
3H); ®*C NMR (101 MHz,CDGJ)) 4 14 1. 35, 124.2 $.4,65.2, 3321,87.6,
27.3, 10.4; FTIR (cm) 3027, 2929, 1547, 1383, 750, 699. HRMS (CI) m/z, calculated
for [C12H17]" ((IM-NO2]*): 161.1330; found: 161.1330.
NO- OFt 1.66 according to general procedure B64
1.66 o) (3.3 mmol, 812 mQ)2 (3 mmol, 483 myj potassium
tert-butoxide (3.45 mmol, 3861g), 1.109(0.3 mmol,
173 mg), diethylzinc (0.6 mmol74 mg) in MTBE (24 mL) and dioxane (12 mL) for
22 hours afforded, after flash silica gel chromatography (100:0 to 96:4 hexanes : ethyl
acetate),1.66 (608 mg,73%) as pale yellow oitH NMR (600 MHz, CDC§) & 7. 28
(dd, J = 8.3, 6.9 Hz, 2H), 7.28 7.17 (m, 1H), 7.17 7.11 (m, 2H), 4.61 4.53 (m,
1H), 4.14 (q,J = 7.1 Hz, 2H), 2.64 () = 7.5 Hz, 2H), 2.42 2.26 (m, 2H), 2.21
(dddd,J = 14.8, 10.0, 7.4, 5.Az, 1H), 2.1 2.04 (m, 1H), 2.04 1.96 (m, 1H), 1.81
i 1.71 (m, 1H), 1.7% 1.63 (m, 2H), 1.25 (t) = 7.1 Hz, 3H);"*C NMR (151 MHz,
CDClz) a 172. 0, 141. 1, 128. 6, 128. 5, 126.
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14.3; FTIR (cm') 3027, 2936, 17 1548, 1452, 1377, 1182. HRMS (CI) m/z,
calculated for [@sH22NO4]* ([M+H] ¥): 280.1549; found: 280.1547.

MeO
NO, 1.112 according to general procedure A,

OEt
S1.2(3.3 mmol, 911 mg)2 (3 mmol, 483 mg),

e 0 potassiumtert-butoxide (3.45 mmol, 386ng),
1.109 (0.3 mmol, 173 mg), diethylzinc (0.6 mmol,4img) in MTBE (24 mL) and
dioxane (12 mL) for 23 hours afforded, after flash silica gel chromatography (100:0 to
95:5 hexanes : ethylcetate)1.112(635 mg, 69%) as pale yellow ot NMR (600
MHz, CDCk) U 7J =088 Ht, @H), 6.87 6.79 (m, 2H), 4.61 4.51 (m, 1H),
4.14 (q,d = 7.1 Hz, 2H), 3.79 (s, 3H), 2.58 (t= 7.5 Hz, 2H), 2.4G 2.26 (m, 2H),
2.20 (ddddJ = 14.7, 9.9, 7.4, 5.7 Hz, 1H), 2.07 (dits 14.7, 7.9, 3.8 Hz, 1H), 1.99

(dtd,J=14.1, 9.1, 7.1 Hz, 1H), 1.74 (dddb 14.2, 9.9, 6.8, 4.7 Hz, 1H), 1.68L.59

(m, 2H), 1.25 (t) = 7.2 Hz, 3H)23C NMR (151 MHz,CDC}) 4 172.0, 158.

129.4, 114.1, 87.8, 61.0, 55.4, 34.2, 33.3, 30.3, 28.8, 27.7, 14.3; FTIR p986,
2837, 1729, 1612, 1549, 1512, 1377, 1246, 1034. HRMS (CI) m/z, calculated for
[C16H24aNOs] " ([M+H] ): 310.1654; found: 310.1651.

Me NO
Me 2

O'Bu 1.113 according to general proceduw, nec
Me

1113 o pentyiodide (1.1 mmol, 28 mg),S1.41 (1 mmol, 189 mg),
potassiuntert-butoxide (1.5 mmol, 29 mg), 1.109(0.1 mmol, 58 mg), diethylzinc
(2 Min MTBE, 0.2 mmol, 0.2 mL) in MTBE (8 mL) and dioxane (4 mL) for 23 hours
afforded , after flash silica gel chromatography (100:0 to 97:3 hexanes : ethyl acetate),

1.113(129 mg, 46%) as a palell@v semisolid. 'H NMR (600 MHz, CDCJ) U 4. 6 7
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(tdd, J = 9.4, 4.5, 2.5 Hz, 1H), 2.3112.08 (m, 4H), 2.00 (dtd] = 14.5, 7.8, 4.5 Hz,
1H), 1.50 (dd,J = 15.3, 2.5 Hz, 1H), 1.45 (s, 9H), 0.92 (s, 9HE NMR (151 MHz,
CDCk) 4 171. 2, 85,314 309,29.1228.2,47TIR (tm2963, 1729,
1552, 1367, 1153, 850. HRMS (Cl) m/z, calculated forstfizeNO4]™ ([M+H]™):
260.1862; found: 260.1872.

NO
Phg?ovx/\/KZ/\IrOEt 1.114 according to general procedure B,
Bu 1.114 o S1.4(3.3 mmol, 1.492 g)2 (3 mmol, 483 mg),

potassiumtert-butoxide (3.45 mmol, 386ng),
1.109 (0.3 mmol, 173mg), diethylzinc (0.6 mmol74 mg) in MTBE (24 mL) and
dioxane (12 mL) for 22 hours afforded, after flash silica gel chromatography (100:0 to
96:4 hexanes : ethyl acetat&)114(797 mg, 55%) as palesjow oil. 'H NMR (600
MHz, CDCk) U 7 .5=%.7,(16,q.d Hz, 4H), 7.457.40 (m, 2H), 7.40 7.35
(m, 4H), 4.52 (ttJ = 9.2, 4.8 Hz, 1H), 4.15 (d),= 7.1 Hz, 2H), 3.64 (t) = 6.3 Hz,
2H), 2.42i 2.27 (m, 2H), 2.21 (dddd] = 14.7, 9.9, 7.5, 8.Hz, 1H), 2.08 (dtd) =
14.7, 7.9, 3.9 Hz, 1H), 2.021.92 (m, 1H), 1.75 1.65 (m, 1H), 1.53 (m, 2H), 1.46
1.28 (m, 4H), 1.26 (&) = 7.1 Hz, 3H), 1.05 (s, 9H}3C NMR (151 MHz, CDG) U
172.1, 135.7, 134.2, 129.7, 127.8, 87.9, 63.7, 61.0, 34.8, 324, 28.8, 27.0, 25.6,
25.4,19.4, 14.3; FTIR (cW) 2933, 2859, 1737, 1550, 1427, 1377, 1112. HRMS (ESI)
m/z, calculated for [&ZH4oNOsSi]" ([M+H] "): 486.26703; found: 486.26842.

wme 1.115 according to general proceduwe, S1.10 (1.1
2

1.115 mmol, 244mg), Znitropropane (1 mmol, 89 mg), potassient-

butoxide (1.15 mmol, 2mg), 1.109(0.1 mmol, 58 mg), dietfizinc (1 M in MTBE,
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0.2 mmol,0.2 mL) in MTBE (8 mL) and dioxane (4 mL) for 24 hours afforded, after
flash silica gel chromatography (100:0 to 95:5dmees : ether)1.115(122 mg, 67%,
isolated dr 1:1) as a pale yellow oil. A duplicate run afforded 118 mg (64%) product.
The reported spectra are for a mixture of two diastereoisofkeiSMR (600 MHz,
CDClk) U i 5.554m8, 4H), 4.55 (m, 2H), 2.272.20 (m, 1H), 2.1% 1.91 (m, 9H),
1.861 1.80 (m, 1H), 1.77 (m Hz, 2H), 1.721.50 (m, 7H), 1.30 1.23 (m, 2H), 0.96
(t, J= 7.4 Hz, 6H);"®*C NMR (151 MHz,CDG) & 127.27, 127.11, 1
88.37, 88.35, 40.63, 40.08, 31.86, 31.03, 30.64, 30.521227.96, 27.81, 24.85,
24.78, 10.44; FTIR (cry 3024, 2973, 2915, 1549, 1438, 1374, 1336, 849, 656;
HRMS (Cl) m/z, calculated for [GH1sNO;]*

N
©: \>—© (IM+H]*): 184.1338; found: 184.1343.
S
O\_/—\_(—Me 1.116 according to general procedure B,
1.116

NO, S1.12(3.3 mmol, 1.4(), I-nitropropane (3 mmol,

267 mg), potassiurtert-butoxide (3.45 mmol, 386
mg), 1.109(0.3 mmol, 173 mg), diethylzinc (0.6 mm&@¥ mg) in MTBE (24 mL) and
dioxane (12 mL) for 28 hours afforded, after flash silica gel chromatography (95:5 to
90:10 hexanes : ethgicetate);1.116(598 mg, 52%) as a white solid. mp =82 °C;

IH NMR (600 MHz, CDCd) @ 8 J5 59, {.8cHd, 1H), 8.09 (d,= 8.1 Hz, 1H),

7.96 (d,J = 7.9 Hz, 1H), 7.49 (dddl = 8.3, 7.1, 1.2 Hz, 1H), 7.44 (dddi= 8.5, 7.3,

1.8 Hz, 1H), 7.4 7.35 (m, 1H), 7.16 7.10 (m, 1H), 7.04 (d] = 8.3 Hz, 1H), 4.43

(m, 1H), 4.21 (tJ = 6.3 Hz, 2H), 2.09 1.93 (m, 4H), 1.84 1.58 (m, 4H), 1.51

1.42 (m, 2H), 0.95 (t) = 7.4 Hz, 3H);3C NMR (151 MHz, CDCJ)) &4 163. 2, 15
152.3, 136.2, 131.9, 128 126.1, 124.8, 122.9, 122.5, 121.4, 121.2, 112.4, 90.5, 69.0,

33.6, 29.1, 27.4, 26.0, 25.8, 10.4; FTIR (§n2940, 2876, 1598, 1547, 1452, 1377,
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1292, 1116. HRMS (Cl) m/z, calculated for2[B2sN20sS]" ([M+H]™): 385.1586;
found: 385.1596.

NO,
Me 1.117 (in the glovebox according to general

|

N7 1117
Ts

procedure A,S1.19(3.3 mmol, 1.40g), I-nitropropane (3
mmol, 267 mg), potassiurtert-butoxide (3.45 mmol, 386
mg), 1.109(0.3 mmol, 13 mg), diethylzinc (0.6 mmol{4 mg) in MTBE (24 mL) and
dioxane (12 mL) for 25 hourafforded, after flash silica gel chromatography (95:5 to
92:8 hexanes : ethyl acetat#)117(536 mg, 46%) as white crystals.

1.117(on the bench)According togeneral procedure,G1.19(1 mmol, 425
mg), 1-nitropropane (1.1 mmol, 98 g), potassiumert-butoxide (1.15 mmol, 0.2875
M in dioxane, 4 mL)1.109(0.1 mmol, 58ng), diethylzinc (1 M in MTBE, 0.2 mmol,
0.2 mL) in MTBE (8 mL) for 24 hours afforded, after flash silica gel chromatography
(95:5 to 92:8 hexanes : ethyl acetate},17 (185 mg, 48%) & white crystals. mp =
103-105 °C;'H NMR (400 MHz, CDCJ) U 7 J9&3, (.9Hd, 1H), 7.817.71
(m, 2H), 7.43 (dtJ = 7.7, 1.0 Hz, 1H), 7.38 7.28 (m, 2H), 7.26 7.19 (m, 3H), 4.38
(m, 1H), 2.85 2.55 (m, 2H), 2.42 2.31 (m, 1H), 2.33 (s, 3HR.11i 1.108(m, 2H),
1.76 (dqd,J = 14.8, 7.5, 4.6 Hz, 1H), 0.93 @{,= 7.4 Hz, 3H);*C NMR (151 MHz,

CDClk) 0 145. 0, 135. 6, 135. 4, 130. 5, 130.

114.1, 89.6, 32.8, 27.4, 21.7, 21.5, 10.3; FTIR {2973, 187, 1369, 1173, 1122.
HRMS (CI) m/z, calculated for [£8H23N204S]" ([M+H]*): 387.1379; found:
387.1395.
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Ph NO,

) Me 1.118 (in the glovebox) according to general
N‘N ' procedire A, S1.23(1.1 mmol, 526mg), Lnitropropane
) pn 1.118

Ph (1 mmol, 89 mg), potassiurtert-butoxide (1.15 mmip

129mg), 1.109(0.1 mmol, B mg), diethylzinc (1 M in MTBE, 0.2 mmol, 0.2 mL) in
MTBE (8 mL) and dioxane (4 mL) for 24 hours afforded, after flash silica gel
chromatography (95: 5 to 93:7 hexanes : ethyl acethte)8(319 mg, 73%) as a pale
yellow viscose oil.

1.118(on the bench)according togeneral procedure,51.23(1 mmol, 478
mg), 1-nitropropane (1.1 mmol, 98ng), potassiumtert-butoxide (0.2875 M in
dioxane, 1.15 mmol, 4 mL}.109(0.1 mmol, 58ng), diethylzinc (1 M in MTBE, 0.2
mmol, 0.2 ml in MTBE (8 mL) for 24 hours afforded, after flash silica gel
chromatography (95:5 to 93:7 hexanes : ethyl acetht)38(309 mg, 70%) as a pale
yellow viscose oil'H NMR (600 MHz, CDCJ) U 1 7.71718, 2H), 7.46 (= 7.7
Hz, 2H), 7.41i 7.35 (m, 4H), 7.30 7.26 (m, 4H), 7.24 7.22 (m, 2H), 7.22 7.18
(m, 1H), 4.16 (ttJ = 9.3, 4.5 Hz, 1H), 2.68 2.58 (m, 2H), 1.90 1.68 (m, 2H), 1.61
(dtd,J = 14.5, 7.4, 4.5 Hz, 1H), 1.501.31 (m, 3H), 1.14 (p] = 7.6 Hz, 2H), 0.87 (t,
J =74 Hz, 3H);®C NMR (151 MHz, CDG) t 151.2, 141.6, 140.
130.2, 128.8, 128.8, 128.7, 128.6, 128.1, 127.9, 126.9, 124.8, 118.8, 90.3, 33.1, 29.8,
27.2, 25.4, 23.4, 10.4; FTIR (ch3060,2938, 2863, 1596, 1547, 1499, 1453, 1363.
HRMS (CI) m/z, calculated for [fgH3oN302]* ([M+H] *): 440.2338; found: 440.2351.

| 1.119 In a nitrogen filled glovebox,
Me” N” 0T e .
1.119 NO, 1.109 (0.1 mmol, 58mg), bathocuproine (0.1

mmol, 36 mg), and MTBE (8 mL), were added to
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a 20 mL scintillation vial charged with a stir bar. The mixture stirred for 30 minutes,
then diethylzinc (0.2 mmol, 1 M in MTBE, 0.2 mL) was added and stirring continued
for another 10 minutes, after whi§22(1.1 mmol, 305 mg), -hitropropane (1mmol,

89 mg, andPotassiuntert-butoxide(0.2875 M in dioxane, 1.15 mmol, 4 mL) were
added sequentially. The mixture stirred vigorously for 1 minute, then the vial was
capped and sealed, taken outside the ghmseand stirred at in an oil bath at 40 °C for
24 hours Then 20 mL EtOAc was added and the mixture was washed with 20 ml
saturate NEHOH@g. The organic layer was dried over Mg&éand the solvents were
removed under reduced pressure. The crude was purified by flash silica gel column
chromatography (100:0 18:2 hexanes : ethyl acetate) to afford 127 mg (48%)9

as a clear oi*H NMR (600 MHz, CDC4) U T 7.414(ri, 1H), 6.69 (d) = 7.2 Hz,

1H), 6.50 (dJ = 8.2 Hz, 1H), 4.40 (tt) = 9.2, 4.5 Hz, 1H), 4.24 (§ = 6.5 Hz, 2H),

2.43 (s, 3H), 2.05 1.91 (m, 2H), 1.83 1.67 (m, 4H), 1.54 1.32 (m, 4H), 0.95 (tJ

= 7.4 Hz, 3H);®*C NMR (101 MHz, GDs) & 164.0, 156. 4, 138.

65.5, 33.6, 29.1, 27.1, 25.87, 25.76, 24.3, 10.2.; FTIRY @842, 1597, 1549, 1451,
1375, 1305, 1233. HRMSESI) m/z, calculated for [GH23N20s]" ([M+H]™):
267.1703; found: 267.1708.

F O
N NG 1.12Q according to general procedure 81.6
2
Me (3.3 mmol, 1.14 g), -hitropropane (3 mmol, 267 mg),
1.120 potassiumtert-butoxide (3.45 mmol, 386ng), 1.109

(0.3 mmol, 173 mg), diethzinc (0.6 mmol,74 mg) in MTBE (24 mL) and dioxane

(12 mL) for 24 hours afforded, after flash silica gel chromatography (80:20 to 75:25
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hexanes : ethyl acetate),120 (712 mg, 77%) as a colorless oil that crystallizes
slowly. mp = 5254 °C ; (Two rotames are observable if3C-NMR at room
temperaturgthe peaksoalesce at 360 K3H NMR (400 MHz, DMSGd6) a 17. 55
7.42 (m, 1H), 7.35 (d, J = 7.2 Hz, 1H), 7.37.21 (m, 2H), 4.67 (m, 1H), 4.46 (t, J =
13.9 Hz, 1H), 3.29 (m, 1H), 3.092.92 (m, 1H), 2.86 2.65 (m, 1H), 1.98 1.37 (m,

7H), 1.08 m, 2H), 0.85 (dt, J = 7.3, 3.7 Hz, 3H{Z NMR (101 MHz, DMSQds, 360

K) U 163. 3B=245157),.12038 (I d 8.0 Hz), 128.02 (d] = 4.1 Hz),
124.35, 124.15 (d) = 3.3 Hz), 115.07 (dJ = 21.4 Hz),87.07, 45.79, 40.76, 38.44,
32.05, 31.23, 30.59, 26.44,9.6%F NMR (565 MHI2508 CEDRCtB) U
2936, 1639, 1547, 1453, 1374, 1286, 1223, 1095. HRMS (CIl) m/z, calculated for
[C16H22FN205]* ((M+H] *): 309.1614; found: 309.1612.

Br O
1.121 accoding to general procedure A1.7
N NO,
Me (3.3 mmol, 1.47 g), -hitropropane (3 mmol, 267 mg),
Cl 1.121 potassiumtert-butoxide (3.45 mmol, 386.4 mg),.109

(0.3 mmo] 173 mg), diethylzinc (0.6 mmol74 mg) in
MTBE (24 mL) and dioxane (12 mL) for 24 hours afforded, aftash silica gel
chromatography (85:15 to 70:30 hexanes : ethyl acethte?1 (862 mg, 71%) as
white crystals. mp = 16305 °C; Two rotamers can be seenid and*C-NMR
spectra at room temperatytie peakscoalesce at BtK for *H and 360 K for*C-
NMR.) *H NMR (400 MHz, DMSQds, 3 4 3 K ) J=i8.6 Az, B} 7.47 .32
(m, 2H), 4.63 (dJ = 9.6 Hz, 1H), 4.43 (m, 1H), 3.20 (@z= 13.2 Hz, 1H), 3.02 (d =
16.5 Hz, 1H), 2.78 (d) = 11.2 Hz, 1H), 1.98 1.45 (m, 7H), 1.32 1.10 (m, 2H),
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0.88 ¢, J = 7.2 Hz, 3H;3C NMR (101 MHz, DMSGds, 360 K) U 164. 34,
133.76, 132.46, 129.73, 126.97, 116.37, 87.06, 45.56, 40.45, 38.45, 32.03, 30.62,
30.00, 26.47, 9.15; FTIR (cth 2935, 2836, 1642, 1547, 1375, 1282, 1096. HRMS

(Cl) m/z, calculated fofC16H20BrCIN20s]* ([M+H] *): 403.0424; found: 403.0429.

0
N o 1.122 according to general procedute S1.9
NO
| Me (1.1 mmol, 500ng), Enitropropane (1 mmol, 89 mg),
1.122 potassiumtert-butoxide (1.15 mmol, 29 mg), 1.109

(0.2 mmol, 8 mg), dietlylzinc (1 M in MTBE, 0.2mmol, 0.2 mL) in MTBE (8 mL)
and dioxane (4 mL) for 2Aours affordedafter flash silica gel chromatography (85:15
to 75:25 hexanes : ethyl acetate)]122(322 mg, 77%) as a white solid. A duplicate
run afforded 309 mg (74%) product. mp =87 °C.'H NMR (600 MHz, CDCJ) U
7.781 7.71 (m, 2H), 7.15 7.09 (m, 2H), 4.69 (br s, 1H), 4.53 (br s, 1H), 3.70 (br s,
1H), 2.97 (br s, 1H), 2.71 (br s, 1H), 2.06J& 10.6 Hz, 1H), 2.03 1.73 (m, 3H),
1.557 1.48 (m, 2H), 1.37 1.01 (m, 3H), 0.97 (t) = 7.4 Hz, 3H); 13C NMR (151
MHz, CDCbk) ua 169. 4, 137. 7, 135. 6, 128. 7, 95 . ¢
31.1, 27.9, 10.4; FTIR (cH) 2933, 1631, 1546, 1439, 1374, 1281, 1006. HRMS (CI)
m/z, calculated for [@H22IN2O3]* ((M+H] *): 417.0675; found: 417.087

Me

NO 1.123 according to general proceduke S1.16(1.1
- 2

1.123 mmol, 395 mg), dnitropropane (1 mmol, 89 mg), potassium

Cbz

tert-butoxide (1.15 mmol, 129ng), 1.109 (0.1 mmol, B
mg), diethylzinc (1 M in MTBE, @ mmol,0.2 mL) in MTBE (8 mL) and dioxze (4

mL) for 24 hours affordedafter flash silica gel chromatography (90:10 to 85:15
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hexanes : ethyl acetate),123 (254 mg, 79%) as pale yellow oil.'H NMR (600

MHz, CDCk) 0 1 7.333r8, 4H), 7.33 7.29 (m, 1H), 5.12 (s, 2H), 4.52 (ddbs

14.0, 7.4, 4.3 Hz, 1H), 4.274.06 (m, 2H), 2.74 (br s, 2H), 2.081.92 (m, 2H), 1.88

i 1.68 (m, 2H), 1.58 (br s, 1H), 1.50 (dddk 14.5, 9.4, 3.7 Hz, 1H), 1.461.34 (m,

1H), 1.12 (br m, 2H), 0.96 (] = 7.4 Hz, 3H);!3C NMR (151 MHz, CDCJ) & 155. 3,
137.0, 128.6, 128.1, 128.0, 87.8, 67.2, 44.1, 44.0, 40.3, 33.0, 32.4, 31.3, 27.9, 10.4;
FTIR (cn') 2936, 1693, 1547, 1432, 1365, 1241, 1136, 1025. HRMS (CI) m/z,
calculated for C17H2sN204]" ([M+H] *): 321.1814; found: 321.1802.

NO, 0 :
> 1.124 according to general procedute

Cl
1-iodo-6-chlorohexane (1.1mmol, 271 mg),

1.124
1.153(1 mmol, 195 mg), potassiutart-butoxide
(2.15 mmol, 12 mg), 8 (0.15 mmol, § mg), dietlylzinc (1 M in MTBE, 0.3mmol,
0.3 mL) in MTBE (8 mL) and diox@e (4 mL) for 24 hours affordedfter flash silica
gel chromatography (98: 2 to 96:4 hexanes : ethyl acefaie®4 (201 mg, 64%) as a
clear oil.'H NMR (600 MHz, CDGJ) U 6J=77/3® HZ, 1H), 6.63 (d] = 1.7 Hz,
1H), 6.60 (dd,) = 7.9, 1.8 Hz, 1H), 5.94 (s, 2H), 4.62 (dddd; 9.8, 8.7, 5.7, 4.1 Hz,
1H), 3.52 (t,J = 6.6 Hz, 2H), 3.16 (dd] = 14.3, 8.7 Hz, 1H), 2.93 (dd,= 14.3, 5.7
Hz, 1H), 2.04i 1.93 (m, 1H, 1.791 1.68 (m, 3H), 1.46 1.39 (m, 2H), 1.39 1.28
(m, 4H); °C NMR (151 MHz, CDG) U4 148.1, 147.1, 129. 3,
101.3, 90.3, 45.0, 40.0, 33.4, 32.5, 28.3, 26.6, 25.8; FTIR)(@833, 1609, 1549,
1491, 1445, 1366, 1248, 1039. HRMSIY m/z, calculated for [GH20CINOJ]*:

313.1081; found: 313.1086.

97



NO 0 .
2 > 1.125 according to general procedute

o 1.125 ? S1.24(1.2 mmol, 349mg), 1.153 (1 mmol, 195
mg), potassiumtert-butoxide (1.15 mmol, 12

mg), 1.109(0.15 mmol,87 mg), dietlylzinc (1 M in MTBE, 0.3 mmol,0.3 mL) in

MTBE (8 mL) and dioxae (4 mL) for 24 hours affordedafter flash silica gel

chromatography (100: O to 96:4 hexanes : ethyl acethtE}5(184 mg, 51%) as a

pale yellow oil.'H NMR (600 MHz, CDCJ) U 6J=77® H%, diH), 6.63 (d) =

1.7 Hz, 1H), 6.60 (dd] = 7.9, 1.8 Hz, 1H), 5.94 (s, 2H), 4.62 (dddd; 9.8, 8.7, 5.7,

4.1 Hz, 1H), 3.39 (t) = 6.7 Hz, 2H), 3.16 (dd] = 14.3, 8.6 Hz, 1H), 2.93 (dd,=

14.3, 5.7 Hz, 1H), 2.06 1.93 (m, 18, 1.88i 1.80 (m, 2H), 1.80 1.70 (m, 1H), 1.46

i 1.38 (m, 2H), 1.3 1.29 (m, 4H);33C NMR (151 MHz, CDG)) & 148. 1,

129.3, 122.2, 109.3, 108.7, 101.3, 90.3, 40.0, 33.8, 33.4, 32.6, 28.2, 27.9, 25.8; FTIR

(cml) 2932, 2860, 1549, 1490, 1445, $3@249, 1039. HRMS (CI) m/z, calculated

for [C1sH20BrNO4]™: 357.0576; found: 357.0585.

0
o 1.126 according to general procedurg,

’ 1 I Me S1.14(1.1 mmol,406 mg), -nitropropane (1 mmol,
1.126 89 mg), potassiuntert-butoxide (1.15 mmol, 129
mg), 1.109 (0.1 mmol, B mg), diehylzinc (1 M in MTBE, 0.2 mmol0.2 mL) in
MTBE (8 mL) and dioxae (4 mL) for 23 hours affordedafter flash silica gel
chromatography (80:20 hexanes : ethyl acetatép6(267 mg, 81%) as an e¥fhite
solid. mp = 7880 °C;'H NMR (600 MHz, CDC§) i 7 . 6J4 7.8,d.0 Hz, 1H),

7.52 (dg,J = 8.4, 0.9 Hz, 1H), 7.39 (ddd,= 8.4, 7.2, 1.3 Hz, 1H), 7.29 (dddi= 8.0,

98
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7.2, 1.0 Hz, 1H), 7.26 (s, 1H), 4.864.35 (m, 3H), 3.12 (br s, 1H), 2.80 (br s, 1H),

2.08 (td,J = 10.5, 5.4 Hz, 1H), 2.0B 1.92(m, 2H), 1.76 (dddd) = 19.0, 14.4, 9.5,

5.8 Hz, 2H), 1.58 1.52 (m, 2H), 1.30 (m, 2H), 0.98 @,= 7.4 Hz, 3H);:3C NMR

(151 MHz, CDC}) a 159. 9, 154. 7, 149. 3, 127. 1, 12
111.67, 87.78, 46.9, 43.3, 40.2, 33.3, 3225327.9, 10.4; FTIR (ct) 2935, 1638,

1547, 1439, 1375, 1256, 1175. HRMS (Cl) m/z, calculated fagHEN2O4]"

(IM+H]™): 331.1658; found: 331.1654.

0

S 1.127 acording to general procedure §1.17
N NO,

\ ! Me (1.1 mmol, 369 mg), -hitropropane (1 mmol, 89 mg),
1127 potassium tert-butoxide (1.15 mmol, 129ng), 1.109

(0.2 mmol, 8 mg), diethylzinc (1 M in MTBE, 0.2 mmol, 0.2 mL) in MTBE (8 mL)

and dioxae (4 mL) for 24 hours affordedfter flash silica gel chromatography (85:15

to 75:25 hexanes : ethyl acetate)127(221 mg, 75%) as white crystals. A duplicate

run afforded 234 mg (79%) product. mp =73 °C;H NMR (600 MHz, CDC}) U
7.43 (dd,J = 5.0, 1.1 Hz, 1H), 7.03 (dd,= 5.0, 3.6 Hz, 1H), 4.58 4.52 (m, 1H),
4.584.30 (br s, 2H), 2.91 (br s, 2H), 2.07 (m, 1H)Y9 (ddg,J = 14.6, 9.3, 7.3 Hz,

1H), 1.92 (dJ = 13.2 Hz, 1H), 1.76 (dqd,= 14.8, 7.5, 4.6 Hz, 1H), 1.69 (@= 13.4

Hz, 1H), 1.55( 1.49 (m, 2H), 1.25 1.16 (m, 2H), 0.97 () = 7.4 Hz, 3H)3C NMR

(151 MHz, CDC$) 4 163. 6, 13126.7487.8,4&38 4022,33.3, 328, 5,
31.6, 29.8, 27.9, 10.4; FTIR (cth2924, 2852, 1614, 1546, 1441, 1374, 1275, 1097.
HRMS (Cl) m/z, calculated for [GH21N203S]" ([M+H]"): 297.1273; found:

297.1282.
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MeO

NO 1.13Q according to general procedure B,
OEt
I 1.26(3.3mmol, 870 mg),1.65(3 mmol, 483 mg),
Me
1.130 potassiumtert-butoxide (3.45 mmol, 386ng),

1.109(0.3 mmol, 173ng), diethylzinc (0.6 mmaol,
74 mg) in MTBE (24 mL) and dioxane (12 mL) for 22 hours afforded, after flash silica
gel chromatography (100:0 to 95:15 heasa : ethyl acetate},.130(744 mg, 77%,
crude dr 52:48, isolated dr 50:50) as a pale yellow oil. The reported spectra are for a
mixture of two diastereoisomer$d NMR (600 MHz, CDCY) U 1 7.041(rh, 4H),
6.851 6.79 (m, 4H), 4.47 (m, 2H), 4.14 (= 7.1 Hz, 4H), 3.79 (s, 3H), 3.78 (s, 3H),
2.68 (M, 2H), 2.61 2.48 (m, 2H), 2.44 2.32 (m, 2H), 2.31 2.17 (m, 4H), 2.16
1.96 (m, 4H), 1.78 (m, 1H), 1.69 (m, 1H), 1.64.45 (m, 2H), 1.25 (&) = 7.1 Hz,
6H), 1.04 (dJ = 6.5 Hz, 1H), 1.03 (d] = 6.5 Hz, 1H);*C NMR (151 MHz, CDG) i
172.20, 172.15, 158.12, 158.10, 133.45, 133.40, 129.34, 114.10, 114.07, 92.34, 92.16,
60.95, 55.42, 36.72, 36.58, 35.16, 34.80, 32.07, 32.02, 30.59, 30.55, 26.01, 24.93,
15.49, 15.22, 14.31; FTIR (cth 2938, 1733, 1548, 1513, 1374, 1247, 1179, 1036.
HRMS (EIl) m/z, calculated for [ZH2sNOs]*: 323.1733; found: 323.1742.

1 OEt 1.13r according to general procedure B,
m iodocyclohexane (3.3 mmol, 945 m@)65(3 mmol, 483 mg),
potassiumtert-butoxide (3.45 mmol, 386ng), 1.109 (0.3
mmol, 173 mg), diethylzincO(6 mmol,74 mg) in MTBE (24 mL) and dioxane (12
mL) for 20 hours afforded, after flash silica gel chromatography (100:0 to 97:3

hexanes : ethyl acetate),131 (512 mg, 70%) as a pale yellow otH NMR (600
MHz, CDCk) U 4 J=383l, 5(7 Hzl 1H), 4.14 (d,= 7.1 Hz, 2H), 2.42 2.33 (m,
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1H), 2.27 (dddJ = 16.7, 8.3, 7.2 Hz, 1H), 2.18 (tddl= 8.3, 6.4, 1.5 Hz, 2H).109i1
1.73 (m, 4H), 1.71 1.59 (m, 2H), 1.32 1.00 (m, 8H)}3C NMR (101 MHz, GDs) U
171.7,93.2, 60.5, 41.4, 30.29, 29.4, 28.8, 25.99, 25.94, 25.84, 25.68, 14.2.; FTIR (cm
1) 2933, 2856, 1736, 1549, 1449, 1376, 1188, 1034. HRMS (Cl) m/z, calculated for
[C12H22NO4]* (M+H] *): 244.1549; found: 244.1547.
NO,
OEt 1.132 according to general procedure B,
1132 © iodocyclopentane (3.3 mmol, 882 md)65 (3 mmol, 483 mg),
potassiuntert-butoxide (3.45 mmol, 386g),1.109(0.3 mmol,
173 mg), diethylzinc (0.6 mmo¥4 mg) in MTBE (24 mL) and dioxane (12 mL) for
25 hours afforded, after flash silica gel chromatogyad00:0 to 96:4 hexanes : ethyl
acetate)1.132(506 mg, 74%) as a pale yellow diH NMR (600 MHz,CDCJ) U 4. 3 4
(td, J = 9.7, 4.1 Hz, 1H), 4.18 4.09 (m, 2H), 2.4 2.24 (m, 3H), 2.25 2.11 (m,
2H), 1.86 (dtdJ = 11.8, 7.4, 3.7 Hz, 1H), 1.761.53(m, 5H), 1.38 1.21 (m, 5H);
3C NMR (151 MHz, CDG) & 172.1, 92.9, 60.9, 43.9,
25.0, 14.3; FTIR (cm) 2960, 2873, 1736, 1548, 1376, 1184, 1033, 803. HRMS
(LIFDI) m/z, calculated for [€H1902]" (IM-NO2]"): 183.1385; found183.1382.
NO,
OEt 1.133 according to general procedure Bl1.31
0 (3.3 mmol, 805 mg)1.65 (3 mmol, 483 mg), potassium
1198 tert-butoxide (3.45 mmol, 386ng), 1.109(0.3 mmol, 173
mg), diethylzinc (0.6 mmol74 mg) in MTBE (24 mL) and dioxane (12 mL) for 24
hours aforded, after flash silica gel chromatography (100:0 to 94:6 hexanes : ethyl

acetate)1.133(603 mg, 73%) as a pale yellow oil which crystallizes very slowly. mp
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= 4244 °C;'H NMR (600 MHz, CDCY) U 1 7.1318, 4H), 4.62 (td) = 9.5, 3.7

Hz, 1H), 4.16 (qJ = 7.2 Hz, 2H), 3.19 3.10 (m, 1H), 3.06 2.94 (m, 2H), 2.90

2.75 (m, 2H), 2.44 (ddd] = 16.7, 7.7, 5.3 Hz, 1H), 2.402.33 (m, 1H), 2.33 2.21

(m, 2H), 1.27 (tJ = 7.1 Hz, 3H);"*C NMR (151 MHz, CDC}) &4 172. 03, 14
141.18, 127.01, 126.91, 124.67, 124.52, 92.0, 61.0, 43.4, 36.5, 35.8, 30.3, 27.6, 14.3,

FTIR (cm?) 2982, 2941, 1734, 1548, 1376, 1187, 1027, 748. HRMS (Cl) m/z,
calculated for [@sH20NO4]* ((M+H] ¥): 278.1392; found278.1396.

0
O,N oF 1.134 according to general procedure B,
t
0 o S1.28(3.3 mmol, 1.44 g)2 (3 mmol, 483 mgq),
<o O O O potassiumtert-butoxide (3.45 mmol, 386ng),

1.134
1.109 (0.3 mmol, 173 mg), diethylzinc (0.6

mmol, 74 mg) in MTBE (24 mL) and dioxane (12 mL) for 26 hours affatdafter

flash silica gel chromatography (98.5:2.5 to 87.5:12.5 hexanes : ethyl ackthsd),

(1.062 g, 75%) as a pale yellow viscose #i.NMR (600 MHz, CDC})ti 6. 7J2 ( dd,
=7.9, 5.6 Hz, 2H), 6.62 (dd,= 8.2, 1.7 Hz, 2H), 6.57 (td,= 8.0, 1.7 Hz, 2H), 5.93

(s, 2H), 5.92 (s, 2H), 4.67 (ddd= 10.5, 5.7, 3.0 Hz, 1H), 4.15 (= 7.1 Hz, 2H),

2.61 (dddJ = 13.7, 9.6, 5.8 Hz, 1H), 2.56 (ddi= 8.9, 6.8, 21 Hz, 2H), 2.50 (ddd]

= 13.7, 9.5, 6.6 Hz, 1H), 2.422.32 (m, 1H), 2.30 2.19 (m, 2H), 2.03 (dddd] =

16.9, 8.9, 5.0, 2.0 Hz, 1H), 1.991.91 (m, 1H), 1.77 1.52 (m, 5H), 1.26 (t) = 7.1

Hz, 3H); 1°C NMR (151 MHz, CDG) U 172. 21, 14603 148681, 147 . ¢
135.13, 135.09, 121.28, 121.22, 108.92, 108.87, 108.42, 108.39, 101.01, 100.99,
89.60, 61.00, 40.57, 32.69, 32.44, 31.97, 31.57, 30.46, 25.16, 14.33; FTiR (cm
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2937, 1732, 1547, 1489, 1443, 1371, 1246, 1189, 1039. HRMS (LIFDI) m/z,
calcdated for [GsH29NOg]*: 471.1893; found: 471.1874.
1°: O> 1.135 according to general procedure ${.34(3.3
o) 1.135 ° mmol, 700mg), 1.153(3 mmol, 585 mg), potassiutert-
butoxide (3.45 mmol, 386ng), 1.109 (0.45 mmol, 260
mg), diethylzinc (0.9 mmol, 11ing) in MTBE @4 mL) and dioxae (12 mL) for 24
hours affordedafter flash silica gel chromatography (90:10 to 75:25 hexanes : ethyl
acetate)1.135(557 mg, 67%) as a light yellow solid. mp =280 °C;'H NMR (600
MHz, CDCk) U 6J=7/.9 HZ 1H), 6.63 6.56 fn, 2H), 5.93 (s, 2H), 4.46 (ddd,
J=10.4, 8.2, 4.1 Hz, 1H), 4.083.98 (m, 2H), 3.46 3.34 (m, 2H), 3.13 3.00 (m,
2H), 2.191 2.10 (m, 1H), 1.74 (dddl = 13.0, 4.0, 1.9 Hz, 1H), 1.571.45 (m, 3H);
13C NMR (151 MHz, CDGJ) a 148. 1, 104109.11 108.71 109.3, 25,4, 1 2 2
67.4, 67.3, 39.0, 36.6, 29.4, 29.3; FTIR ()n2954, 2849, 1549, 1490, 1445, 1366,
1248, 1093, 1039. HRMS (Cl) m/z, calculated forf@isNOs]* ((M+H]*): 279.1107;
found: 279.1104.
NO,

FsC OEt 1.136 according to general procedure B,

Me o S1.30 (3.3 mmol, 1.03 g),2 (3 mmol, 483 mg),

e potassiuntert-butoxide (3.45 mmol, 3861g),1.109
(0.3 mmol, 173 mg), diethylzinc (0.6 mma4 mg) in MTBE (24 mL) and dioxane
(12 mL) for 23 hours afforded, after flash silica gel chromatography (100:0:60 94
hexanes : ethyl acetate]),136 (649 mg, 62%, crude dr 58D, isolated dr 57:43) as

pale yellow oil. A duplicate run afforded 608 mg (59%) product. The reported spectra
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are for a mixture of two diastereocisométsNMR (600 MHz, CDCY) G 7.50 ( m, ¢
7461 7.39 (m, 4H), 7.36 (M, 2H), 4.524.43 (m, 2H), 4.18 4.09 (m, 4H), 2.93 (dd,

J=13.7, 5.6 Hz, 1H), 2.83 (dd= 13.2, 4.0 Hz, 1H), 2.542.34 (m, 6H), 2.34 2.10

(m, 6H), 1.26 (tJ = 7.1 Hz, 3H), 1.24 (t) = 7.1 Hz, 3H), 0.95 (d) = 6.7 Hz,3H),

0.94 (d,J = 6.6 Hz, 1H);3C NMR (151 MHz, CDG}) & 172.07, 172.03
139.75, 132.74, 132.67, 131.14 (9= 32.2 Hz), 131.09 (q) = 32.2 Hz), 129.19,

129.17, 125.93 (m), 124.21 (@)= 272.2 Hz), 123.68 (m), 92.12, 91.12, 77.37, 77.16,

76.95, 76.95, 61.04, 39.32, 39.21, 39.08, 39.05, 30.617,3@8109, 25.35, 15.18,

14.98, 14.30, 14.28% NMR (565 MHz, CDCJ) -G2.64; FTIR (crif) 2982, 2940,

1733, 1549, 1449, 1375, 1330, 1165, 1125. HRMS (Cl) m/z, calculated for
[C16H21F3NO4]* ((M+H] *): 348.1423; found: 348.1433

NO OMe _
Ve 2 1.137 according to genat procedure Atert-butyl

Me™ e 1137 iodide (3.75 mmol, 690 mg)S1.46 (3 mmol, 543 mg),
potassiuntert-butoxide (3.45 mmol, 386ng), 1.109(0.45

mmol, 260mg), diethylzinc (0.9 mmol, 11fing) in MTBE (24 mL) and dioxan (12

mL) for 24 hours affordedafter flash sita gel chromatography (100:0 to 97.5:2.5

hexanes : ethyl acetatd),137(498 mg, 70%) as a white crystalline solid. mp =886

°C;H NMR (600 MHz, CDCY) U 1 7.02Q1i, 2H), 6.85 6.78 (m, 2H), 4.47 (dd,

J=11.9, 2.5 Hz, 1H), 3.77 (s, 3H), 3.21 (dds 14.7, 11.9 Hz, 1H), 2.98 (dd,=

14.7, 2.5 Hz, 1H), 1.12 (s, 9H¥C NMR (151 MHz, CDG)) U 158. 9, 129. 8

114.4, 100.0, 55.4, 34.6, 34.2,.26FTIR (cm') 2966, 1613, 1549, 1514, 1368, 1250,
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1179, 1035, 860. HRMS (LIFDI) m/z, calculated forf81oNOs]*: 237.1365; found:

237.1360.
NO,
OEt 1.138(in the glovebox) according to general
/
<Sj\“/N 0 procedure BS1.33(3.3 mmol, 1.11), 1.65(3 mmol,
o 1138 483 mg), pagssiumtert-butoxide (3.45 mmol, 386

mg), 1.109(0.3 mmol, 13 mg), diethylzinc (0.6 mmol{4 mg) in MTBE (24 mL) and
dioxane (12 mL) for 22 hours afforded, after flash silica gel chromatography (80:20 to
60:40 hexanes : ethyl acetatd),138 (841 mg, 77%)as a pale yellow oil that
crystallizes slowly.
1.138on the bench)according togeneral procedure,&1.33(1.1 mmol, 371
mg), 1.65 (1 mmol, 161 mg), potassiutert-butoxide (0.2875 M in dioxane, 1.15
mmol, 4 mL),1.109(0.1 mmol, 58mg), diethylzinc (1M in MTBE, 0.2 mmol, 0.2
mL) in MTBE (8 mL) for 24 hours afforded, after flash silica gel chromatography
(80:20 to 60:40 hexanes : ethyl acetaie)38(282 mg, 76%) as a pale yellow oil that
crystallizes slowly. mp = 989 °C;*H NMR (600 MHz, Chloroforrd) G 7 J44 (dd,
=5.0, 1.1 Hz, 1H), 7.27 (dd,= 3.7, 1.2 Hz, 1H), 7.04 (dd,= 5.0, 3.6 Hz, 1H), 4.52
(br m, 2H), 4.42 (tdJ = 8.4, 5.0 Hz, 1H), 4.15 (4, = 7.2 Hz, 2H), 2.93 (br m, 2H),
2.4671 2.37 (m, 1H), 2.30 (dddl = 16.9, 8.4, 7.1 Hz, 1H), 2471 2.11 (m, 3H), 1.87
(dt,J=13.1, 3.0 Hz, 1H), 1.68 (d1,= 13.3, 3.0 Hz, 1H), 1.41 (m, 2H), 1.26J& 7.1
Hz, 3H); 3C NMR (101 MHz, CDG)) & 171.93, 163.73, 136. ¢
126.85, 92.13, 61.09, 40.04, 30.19, 28.97, 28.39, 25.71, 1BTR (cnmt) 2942,
1732, 1618, 1548, 1441, 1374, 1277, 1188, 1096, 736. HRMS (CIl) m/z, calculated for
[C16H22N205S]" ([M+H] ): 355.1328; found: 355.1313.
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NO, O
O>

1.139 according to general procedure A; 1

lodoadamantane (3.3 mm@&65mg),1.153(3 mmol, 585
R mgQ), potassiuntert-butoxide (3.45 mmol, 3861g), 1.109

(0.45 mmol, 260ng), diethylzinc (0.9 mmol, 11fng) in MTBE (24 mL) and dioxan
(12 mL) for 24 hours affordedafter flash silica gel chromatography (100:0 to 97:3
hexanes : ethyl acetatd),139(422 mg,43%) as a white solid. mp = 1-280 °C;H
NMR (600 MHz, CDCY) Ui  6J=7.9 Hz( IH), 6.62 6.55 (m, 2H), 5.92 (s, 2H),
4.29 (dd,J = 11.9, 2.4 Hz, 1H), 3.15 (dd,= 14.6, 11.9 Hz, 1H), 2.97 (dd,= 14.6,
2.4 Hz, 1H), 2.08 (m, 3H), 1.78 (m, 6H),711 1.61 (m, 3H), 1.61 1.54 (m, 3H)C
NMR (151 MHz, CDQj) a 148. 0, 146. 9, 130. 4, 122. (
101.03, 38.7, 36.7, 36.3, 33.2, 28.4; FTIR n2904, 1534, 1371, 1249, 1041.

HRMS (LIFDI) m/z, calculated for [©H23NO4]*: 329.1627 found: 329.1632.

& O'Bu 1.140: (in the glovebox) according to general
m procedure A, dodoadamantane (3.3 mmol,B6fg), S1.41
(3 mmol, 567 mg), potassiurnert-butoxide (3.45 mmol,
386mg), 1.109(0.3 mmol, 173 mg), diethylzinc (0.6 mma@#¥ mg) in MTBE (24 nb)
and dioxae (12 mL) for 24 hours affordedifter flash silica gel chromatography
(100:0 to 98:2 hexanes : ethyl acetate)4q536 mg, 55%) as a light yellow oil.
1.140: (on the bench)according togeneral procedure ,d-iodoadamantane
(2.1 mmol, 288ng), S1.41(1 mmol, 189 mg), potassiutert-butoxide (0.2875 M in
dioxane, 1.15 mmol, 4 mL}.109(0.1 mmol, 58ng), diethylzinc (1 M in MTBE, 0.2
mmol, 0.2 mL) in MTBE (8 mL) for 24 hours afforded, after flash silica gel
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chromatography (100:0 to 98:2 fames : ethyl acetate),140(192 mg, 59%) as a

light yellow oil. 'H NMR (600 MHz, CDCJ) U 4 J# Hl.8,(24d Hz, 1H), 2.31

2.18 (m, 2H), 2.16 2.06 (m, 2H), 2.04 (m, 3H), 1.761.68 (m, 6H), 1.67 1.59 (m,

3H), 1.547 1.48 (m, 3H), 1.44 (s, 9HJC NMR (151 MHz, CDG)) & 171.6, 98
81.2, 38.6, 36.7, 36.6, 36.2, 32.0, 28.5, 228.2, 22.6; FTIR (cr) 2908, 2852,

1729, 1547, 1449, 1367, 1155, 848. HRMS (ESI) m/z, calculated f@H{NO4]"

([M+H] "): 324.2169; found: 324.2172.

el 2 0'Bu 1.14% according to general procedufe S1.35(1.1

O/:\(n)/ mmol, 246 mg),S1.41 (1 mmol, 189 mg), potassiunert-
butoxide (1.15 mmol, 129ng), 1.109 (0.1 mmol, 58mg),

diethylzinc (1 M in MTBE, 0.2 mmol0.2 mL) in MTBE (8 mL) and dioxze (4 mL)
for 24 hours affordedafter flash silica gel chromatography (100:0 to 97:3 hexanes :
ethyl acetate)]1.141(241 mg,85%) as a colorless offtH NMR (600 MHz, CDCY) i
4.45 (dd,J = 11.8, 2.2 Hz, 1H), 2.3% 2.19 (m, 2H), 2.14 (ddd] = 16.0, 8.0, 6.8 Hz,
1H), 2.06 (dtd,) = 14.0, 7.7, 2.0 Hz, 1H), 1.641.41 (m, 16H), 1.36 1.25 (m, 3H),
1.03 (s, 3H)®C NMR (101 MHz CéDs) UG 171. 3, 96.6, 80. 4, :
28.0, 25.9, 23.3, 21.63, 21.58, 19.2.; FTIR (312932, 2864, 1729, 1548, 1462, 1367,
1155, 848. HRMS (LIFDI) m/z, calculated for E1sNO4]* ([M-Bu]*): 228.1236;
found: 228.1230.

0
FsC . o 1.144 according to general proceduré,
2
O\)\Me S1.36(1.1 mmol, 512 mg)nitroethane (1 mmol, 75
CFy  1.144 mg), potassiuntert-butoxide (1.15 mmol, 12éng),



1.109(0.1 mmol, B mg), dietlylzinc (1 M in MTBE, 0.2 mmol0.2 mL) in MTBE (8

mL) and dioxae (4 mL) for 24 hours affordedfterflash silica gel chromatography
(90:10 to 80:20 hexanes : ethyl acetale)44(320 mg, 78%) as a colorless viscose
oil. A duplicate run afforded 319 mg (78%) produtd. NMR (600 MHz, CDCJ) i
7.93 (br s, 1H), 7.84 (br m, 2H), 4.71 (br s, 2H), 3.60 (br s, 1H), 3.08 (br s, 1H), 2.79
(br s, 1H), 2.11 (t) = 10.7 Hz, 1H), 2.08..63 (br m, 2H), 1.691.55 (m, 5H), 1.37

1.25 (m, 1H), 1.16 (br s, 1H¥C NMR (151 MHz, CDGJ)) & 167 . 231(ql 3 8 .

J=33.7 Hz), 127.41 (d] = 3.8 Hz), 123.61 (p] = 3.9 Hz), 123.04 (q] = 273.0 Hz),

81. 0, 47 . 9, 42. 6, 41. 7, 33. 2, 32-6204;, 31.

FTIR (cm?) 2995, 2939, 2868, 1643, 1551, 1447, 1369, 1279, 1133. HRM3Z))
calculated for [@/H19FsN203]" ([M+H] *): 413.1300; found: 413.1299.

O)Niz/\/\ 1.145 according to general procedure S1.34 (1
o 1145 mmol, 212 mg)S1.40(1.1 mmol, 141.9 mg), potassiutert-
butoxide (1.25 mmol, 140 mg}.109 (0.1 mmol, 58mg),

diethylzinc (1 Min MTBE, 0.2 mmol,0.2 mL) in MTBE (8 mL) and dioxze (4 mL)

for 24 hours affordedafter flash silica gel chromatography (100:0 to 92:8 hexanes :
ethyl acetate)].145(145 mg, 68%) as a pale yellow diH NMR (600 MHz, CDCJ)

U 5. 73=17.6,d02, 6.7 Hz, 1H), 5.064.95 (m, 2H), 4.27 (ddd] = 11.4, 8.6,

3.1 Hz, 1H), 4.05 3.94 (m, 2H), 3.42 3.33 (m, 2H), 2.15 1.99 (m, 3H), 1.94
(dddd,J = 14.7, 11.1, 9.0, 5.9 Hz, 1H), 1.83..73 (m, 1H), 1.64 (m, 1H), 1.47 (&=

7.1, 3.9 Hz, 2H), 1.44 1.33 (m, 3H);**C NMR (151 MHz, CDQ) a 137.5,
93.8, 67.374, 67.369, 39.0, 33.0, 29.8, 29.6, 29.2, 25.0; FTIR) (2883, 2847, 1641,
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1548, 1364, 1246, 1143, 1094. HRMS (Cl) m/z, calculated fornH&GNOs]*
([M+H]*): 214.1443; found: 214.1448.

NO,

ph\/\)\/XMe 1.146 according to general procedufe 1.64 (1.1

1.146 O\_/O mmol, 271mg), S1.43(1 mmol, 175mg), potassiutert-

butoxide (1.15 mmol, 128ng), 1.109(0.1 mmol, B mg),
diethylzinc (1 M in MTBE, 0.2 mmol0.2 mL) in MTBE (8 mL) and dicane (4 mL)
for 24 hours affordedafter flash silica gel chromatography (95:5 to 90:10 hexanes :
ethyl acetate)1.146(185 mg, 63%) as a clear oil. A duplicate run afforded 198 mg
(68%) product!H NMR (600 MHz, CDCY) t 7 .J2 8.3, 6.91H, 2H), 7.2P
7.18 (m, 1H), 7.17 7.12 (m, 2H), 4.51 (tt) = 9.2, 4.4 Hz, 1H), 4.00 3.83 (m, 4H),
2.64 (t,J=7.5 Hz, 2H), 2.1G 1.95 (m, 2H), 1.81 (dddd, = 14.5, 10.2, 5.6, 4.5 Hz,
1H), 1.74 (dtd) = 16.2, 7.5, 6.7, & Hz, 1H), 1.70° 1.60 (m, 4H), 1.29 (s, 3H}3C
NMR (151 MHz, CDC}) a 141. 2, 128. 6, 128. 5, 126. 2,
35.14, 33.5, 28.4, 27.5, 24.0; FTIR (&nR2933, 1547, 1495, 1452, 1378, 1219, 10309.
HRMS (Cl) m/z, calculated for [gH24NOa4]" ([M+H] *): 294.1705; found: 294.1711.

OMe

NO 1.147 according to general proceduré\,

iodocyclohexane (1.1 mmol, 231 m&1.46(1 mmol, 181

14 mg), potassiumert-butoxide (1.15 mmol, 12éng), 1.109

(0.15 mmol, 86.7 mg), dieytzinc (1 M in MTBE, 0.3 mmol0.3 mL) in MTBE (8
mL) and dioxae (4 mL) for 24 hours affordedfter flash silica gel chromatography

(100:0 to 98:2 hexanes : ethyl acetale)47(183 mg, 70%) as an evfhite solid. mp

= 71:73 °C;'H NMR (400 MHz, CDC4) & i 7.031(18, 2H), 6.89 6.79 (m, 2H),



4.48 (ddd,J = 10.0, 7.5, 4.5 Hz, 1H), 3.80 (s, 3H), 3.22.98 (m, 2H), 1.97 1.65

(m, 6H), 1.38i 1.07 (m, 5H);’3C NMR (101 MHz, CDG)) & 158.8, 129.9
114.3, 96.1, 55.4, 41.5, 36.2, 29.4, 29.302®@5.9, 25.7; FTIR (crh 2931, 2854,

1613, 1549, 1513, 1369, 1249, 1179, 1035. HRMS (CI) m/z, calculated for
[C1sH22NOs]* ([M+H]*): 264.1600; found: 264.1613.

1 OAc 1.148 In a nitrogerfilled glove-box, 1.109(0.1 mmol,

0)1_\1;\/ 58 mg), bathocuproine (0.1 mmol, 3g@mandMTBE (8 mL),
were added to a 2L scintillation vial charged with a stir

bar. The mixture stirred for 30 minutes, then diethylzinc (0.2 mmol, 1 M in MTBE,
0.2 mL) was added and stirring continued for another 10 minutes, after which
iodocyclohexand1.1 mmol, 231 mg)S1.45(1mmol, 161 mg), andPotassiumntert-
butoxide(1.15 mmol, 0.2875 M in dioxane, 4 mL) were added sequentially. The vial
was stirred vigorously for 1 minute, capped and sealed, taken outside thégiove
and stirred at in an oildth at 40 °C for 23 hours. Then 20 mL EtOAc is added and
the mixture is washed with 20 ml saturate /. The organic layer is dried over
MgSQy and the solvent is removed under reduced pressure. The crude is purified by
flash silica gel column chromagraphy (100:0 to 95:5 hexanes : ethyl acetate) to
afford 1.148(176 mg, 72%) as a pale yellow oiH NMR (600 MHz, CDCJ) 4 4. 28
(ddd,J = 11.1, 8.0, 3.2 Hz, 1H), 4.144.00 (m, 2H), 2.05 (s, 3H), 2.041.97 (m,
1H), 1.897 1.73 (m, 5H), 1.68 (dtd] = 12.9, 5.0, 4.1, 2.4 Hz, 1H), 1.661.59 (m,
3H), 1.25 (m, 2H), 1.16 (tt] = 12.8, 3.3 Hz, 1H), 1.11 1.04 (m, 1H), 1.01 (qd] =
12.0, 11.3, 2.6 Hz, 1H}*C NMR (151 MHz,CDG) & 171.1, 94.0, 63.
29.2, 27.5, 26.0, 25.9, 25.7, 25.4, 21HTIR (cm?) 2932, 2856, 1741, 1548, 1449,
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1366, 1238, 1043. HRMS (CI) m/z, calculated forf5oNO4]* ([M+H]™): 244.1549;
found: 244.1538.

12 OtBu 1.149 (in the glovebox) According to general

m procedureA, iodocyclohexane (1.1 mmol, 231 m@1.41(1
mmol, 1® mg), potassiuntert-butoxide (1.15 mmol, 12

mg), 1.109 (0.1 mmol, B mg), diethylzinc (1 M in MTBE, 0.2 mmol, 0.2 mL) in
MTBE (8 mL) and dioxane (4 mL) for 24 hours afforded, after flash silica gel
chromatography (100:0 to 98:2 hexanes : ethyl acefati®)9(208 mg, 77%) as a pale
yellow oil.

1.149(on the bench)according tageneral procedure,@odocyclohexane (1.1
mmol, 231 mg),S1.41 (1 mmol, 189 mg), potassiurnert-butoxide (0.2875 M in
dioxane, 1.15 mmol, 4 mL}.109(0.1 mmol, 8 mg), diethylmc (1 M in MTBE, 0.2
mmol, 0.2 mL) in MTBE (8 mL) for 24 hours afforded, after flash silica gel
chromatography (100:0 to 98:2 hexanes : ethyl acefati®)9(202 mg, 74%) as a pale
yellow oil. tH NMR (400 MHz, CDCJ) U i 4.243(89, 1H), 2.35 2.24 (m, 1H),
2.241 2.17 (m, 1H), 2.17 2.06 (m, 2H), 1.9G 1.71 (m, 4H), 1.66 (dddd), = 15.6,
9.2, 3.4, 1.7 Hz, 2H), 1.44 (s, 9H), 1.88.98 (m, 5H):}*C NMR (101 MHz, CDGJ)
a 171. 5, 93. 5, 8 10, 2B.2, 26101 259,,25.8 25.76FTIR &% . 5, 29
2979, 2933, 2856, 1730, 1549, 1450, 1368, 1156. HRMS (ESI) m/z, calculated for
[C14H26NO4] " ([M+H] ): 272.1856; found: 272.1858.

NO,

1.15Q according to general procedurd,
NHBoc
1.150 iodocyclohexane (1.1 mmol, 231 md@152 (1 mmol,
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232 mg), potassiurtert-butoxide (1.15 mmol, 128.8 mg},109(0.1 mmol, B mg),
diethylzinc (1 M in MTBE, 0.2 mmol0.2 mL) in MTBE (8 mL) and dioxze (4 mL)

for 23 hours affordedafter flash silica gel chromatography (95:5 to 90:10 hexanes :
ethyl acetate)]1.150(261 mg, 83%) as a colorless viscose #il.NMR (600 MHz,
CDCl) U 4.50 (br Js,11.1180) 3.1 H4£,.1R)33.09 @d2aH), 1.96
(tdd,J = 14.7, 11.2, 7.2 Hz, 1H), 1.871.70 (m, 5H), 1.70 1.64 (m, 1H), 1.63 1.58

(m, 1H), 1.55 1.45 (m, 2H), 1.44 (s, 9H), 1.351.18 (m, 4H), 1.15 (tt) = 12.7, 3.2

Hz, 1H), 1.12 0.95 (m, 2H):*C NMR (151 MHz, CD&) U 156. 1, 94. 5,
40.2, 30.4, 29.6, 29.5, 29.2, 28.6, 26.1, 25.9, 25.7, 23.4; FTIR) (8862, 2932,
2857, 1704, 1548, 1366, 1251, 1173; HRMS (Cl) m/z, calculated feHEN204]"*:
315.2278; found: 315.2280.

O.N 1.151 (in the glovebox) In a nitrogerfilled
N;;@ glove-box, 1.109(0.1 mmol, B mg), bathocuproine (0.1

Lo mmol, 36 mg), and MTBE (8 mL), were added t&@G

mL scintillation vial charged with a stir bar. The mixture stirred for 30 minutes, then

diethylzinc (0.2 mmol, 1 M in MTBE, 0.2 mL) was added and stirring continued for

another 10 minutes, after which iodocyclohexane (1.1 mmol, 2313tg9(1 mmol,

262 mg), andPotassiuntert-butoxide(1.15 mmol, 0.2875 M in dioxane, 4 mL) were

added sequentially. The vial was stirred vigorously for 1 minute, capped and sealed,

taken outside the gloveox, and stirred at in an oil bath at 40 °C for 23 hours. Then

20 mL EtOAc is added and the mixture is washed with 20 ml saturat©Ngt). The

organic layer is dried over MgG@nd the solvent is removed under reduced pressure.
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The crude is purified by flash silica gel column chromatography (95:5 to 90:10
hexanes : ethl acetate) to afford.151(205 mg, 60%) as a colorless viscose oil.

1.151(on the benchyvas made with a slight modification géneral procedure
C: An ovendried 25 mL Schlenk flask charged with a stir bar is cooled under
vacuum.1.109 (0.1 mmol, Bmg), Bathocuproine (0.1 mmol, 36 mg), aBd.49(1
mmol, 262 mg) are added to the flask under argon. The flask is evabaatddied
with argon three times; then MTBE (8 mL) is added and the mixture stirs at rt for 30
minutes. Then iodocyclohexane (1.2 mmab2 mg) andPotassiumtert-butoxide
(0.2875 M in dioxane, 4 mL) are added, followed by 1 minute of vigorous stirring.
The flask is purged with argon for 3 minutes; angZ&t(1 M in MTBE, 0.2 mmol,
200 e€L) is added, and t Argon and aticstas aadosed s di s
system at 40 °C for 24 hours. Then 20 mL EtOAc is added and the mixture is washed
with 20 ml saturated NiDH@aq. The organic layer is dried over Mgs@nd the
solvent is removed under reduced pressure. The crude is purife@lichygel column
chromatography (95:5 to 90:10 hexanes : ethyl acetate) to affbsd (204 mg, 59%)
as a colorless viscose otH NMR (600 MHz, CDCJ) U 7 .J& B.4, G.1l Hz,
2H), 7.74 (ddJ = 5.5, 3.0 Hz, 2H), 4.26 (ddd,= 11.0, 7.9, 3.1 Hz, 1H), 3.773.62
(m, 2H), 2.01 (dddd) = 14.8, 11.0, 9.5, 5.5 Hz, 1H), 1.92..67 (m, 8H), 1.67 1.59
(m, 1H), 1.36 (dddd) = 17.2, 14.9, 8.3, 4.4 H2H), 1.31i 1.23 (m, 2H), 1.21 1.00
(m, 3H);®C NMR (151 MHz,CDCGJ) & 168.5, 134.1, 132.2, 1
30.1, 29.5, 29.2, 28.0, 26.0, 25.9, 25.7, 23.3; FTIRYjca932, 2855, 1772, 1710,
1546, 1466, 1396, 1371, 1188, 1036, 721. HRMS (ES8I}, calculated for
[C1oH25N204]* ((M+H] *): 345.1809; found: 345.1812.

11¢



NO
° g 1.152 according to general procedure A,
AN
N iodocyclohexane (3.75 mmol, 788g), S1.44(3 mmol, 342 mg),
1.152 . .
> potassiuntert-butoxide (3.45 mmol, 386 mg),.109(0.3 mmol,

173 mg), diethylzic (0.6 mmol,74 mg) in MTBE (24 mL) and dioxane (12 mL) for

23 hours afforded, after flash silica gel chromatography (90:10 to 85:15 hexanes :

ethyl acetate), SRZ03040 (196 mg, 34%) as a pale brown oil that crystallizes slowly.

mp = 3032 °C;'H NMR (600MHz, CDCk) i 4 . #=010.7, d.6¢| 2.7 Hz, 1H),
2.541 2.40 (m, 1H), 2.40 2.26 (m, 2H), 2.19 2.08 (m, 1H)1.89(tdt, J = 11.3, 7.2,

3.4 Hz, 1H), 1.85 1.61 (m, 5H), 1.33 1.21 (m, 2H), 1.21 1.01 (m, 3H); 3C NMR

(151 MHz, CDC}) u 1 12741.9, 29.4928.9, 26.6, 25.9, 25.8, 25.6, 14.6; FTIR
(cmly 2927, 2854, 2249, 1547, 1450, 1370. HRMS (CI) m/z, calculated for
[C10H17N202]* ([M+H] *): 197.1290; found: 197.1289.

NO2 O> 1.154 according to general proceduré\,
1.154 ° cyclopropylmethyl iodidg1.2 mma, 218.4 mg),1.153(1
mmol, 195 mg), potassiuntert-butoxide (1.15 mmol, 129
mg), 1.109(0.15 mmol, & mg), diehylzinc (1 M in MTBE, 0.3 mmol0.3 mL) in
MTBE (8 mL) and dioxane (4 mL) for 24 hours afforded, after flash silica gel
chromatography (100:@198:2 hexanes : ethyl acetate)154(159 mg, 64%) as a pale
yellow oil. 'H NMR (600 MHz, CDC{) U 6J.=7.9 Hz( 1H), 6.62 (d] = 1.7 Hz,
1H), 6.60 (dd,) = 7.9, 1.8 Hz, 1H), 5.94 (s, 2H), 5.7&.68 (m, 1H), 5.10 4.99 (m,
2H), 4.71i 4.60 (m,1H), 3.17 (ddJ = 14.3, 8.7 Hz, 1H), 2.95 (dd,= 14.3, 5.7 Hz,
1H), 2.191 1.99 (m, 3H), 1.83 (ddt] = 10.6, 9.0, 3.9 Hz, 1H}3C NMR (151 MHz,
CDCl3) a 148. 12, 147. 11, 135. 92, 129. 22,

114
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89.46, 39.96, 32.52, 2MIFTIR (cm') 3078, 2925, 1641, 1549, 1491, 1445, 1376,
1249, 1040, 927; HRMS (CI) m/z, calculated foriddisNO4]*: 249.1001; found:

249.0997.
NO, 0 .
> 1.155 according to general procedurd, 1-
1.155 iodohex5-ene (1.2 mmol, 252 mg}.153 (1 mmol, 195

mg), potassim tert-butoxide (1.15 mmol, 12¢éng), 1.109
(0.15 mmol, 87mg), diethylzinc (1 M in MTBE, 0.3 mmol, 0.3 mL) in MTBE (8 mL)
and dioxane (4 mL) for 23 hours afforded , after flash silica gel chromatography
(100:0 to 98:2 hexanes : ethyl acetate) then prapardLC (98:2 hexanes : ethyl
acetate)1.155(167 mg, 60%) as a pale yellow oil that crystallizes slowly. mp-4412
°C;'H NMR (600 MHz, CDCJ) U 6J1=77/3 HZ, tH), 6.63 (d] = 1.8 Hz, 1H),
6.60 (dd,J = 7.9, 1.8 Hz, 1H), 5.94 (s, 2H), 4.724.64 (m, 1H), 3.14 (dd] = 14.3,
8.9 Hz, 1H), 2.93 (dd) = 14.3, 5.4 Hz, 1H), 2.14 (ddd,= 14.0, 10.0, 5.1 Hz, 1H),
1.86 (dddJ=11.8, 7.8, ® Hz, 1H), 1.81 1.69 (m, 2H), 1.69 1.57 (m, 3H), 1.54

1.48 (m, 2H), 1.07 (m, 2H*C NMR (151 MHz, CDCJ) & 148. 10, 147.

122.19, 109.27, 108.68, 101.24, 90.02, 40.37, 39.96, 37.01, 32.77, 32.25, 25.09, 25.09;
FTIR (cm?) 2951, 2870, 15501490, 1445, 1365, 1249, 1040. HRMS (CI) m/z,
calculated for [@sH19NO4]*: 277.1314; found: 277.1303.

Iz

/@)OL ﬁNO2 1.157 according to general procedule cis-

1.156 (0.25 mmol, 87 mg), nitromethane (0.275
(+/-) mmol, 16.8 mg), potassiuntert-butoxide (0.3125
mmol, 35 mg, 1.109 (0.025 mmol, 14.5 mg),

11¢
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diethylzinc (1 M in MTBE, 0.05 mmol, 0.05 mL) in MTBE (2 mL) and dioxane (1
mL) for 23 hours afforded, after preparative TLC (75:25 to 70:30 hexanes : ethyl
acetate) for identification purposess-1.157andtrans-1.157aswhite solids The X-

ray quality crystalgan beobtained frorDCM/pentane.

o (OANOZ cis-1.157 mp = 149150 °C;'H NMR (600
jon:

N MHz, CDCk) U i 7.738(rh, 2H), 7.18 7.06 (m,
F Cis(':/-_1)57 2H), 6.02 (s, 1H), 4.37 (d] = 7.4 Hz, 2H), 4.30
4.15 (m, 1H), 2.40 (m, 1H), 1.80 (dd = 12.7, 7.3
Hz, 4H), 1.76 (qJ = 4.9 Hz, 2H), 1.44 (dq) = 14.2, 7.4 Hz, 2H):C NMR (101
MHz, Chloroformd) U 16 6 . 1J= 252.6 Mz), 830.99((dti= 3.3 Hz), 129.26
(d, J = 9.0 Hz), 115.82 (dJ = 21.9 Hz), 80.08, 45.86, 34.77, 28.76, B5YF NMR
(376 MHz, CDC}) -18.05; FTIR (crit) 3305, 2935, 1637, 1548, 1501, 1383, 1360,
1233, 853. HRMS (ESI) m/z, calculated forifBigFN20s]* ([M+H]*): 281.1296;

found: 281.1300.

0 ““No
Q - trans-1.157 mp = 173175 °C;*H NMR (600
N
H MHz, CDCk) G i 7.519(, 2H), 7.10 (t, J = 8.6
F trans-1.157

(+/)
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Hz, 2H), 5.85 (d, J = 8.0 Hz, 1H), 4.27 (d, J = 7.2 Hz, 2H), 3.95 (dqg, J = 11.0, 3.3 Hz,
1H), 2.19 (m, 3H), 1.94 1.79 (m, 3H), 1.39 1.17 (m, 6H);3C NMR (101 MHz,
CDCk) U 16. 9 0J=2516 #z),a20.89 (d = 3.2 Hz), 129.28 (dJ = 8.9

Hz), 115.76 (dJ = 21.9 Hz), 81.27, 48.57, 36.24, 32.23, 28 9E:NMR (565 MHz,
CDCls) -108.23; FTIR (crt) 3315, 2918, 1635, 1546, 1502, 1384, 1333, 1162.
HRMS (ESI) m/z, calculated for [GH1sFN2Os]" ([M+H]®): 281.1296; fand:
281.1293.

NO
’ Me 1.159 according to general procedure A 1-
1.159 iodoadamantane (1.0 mmol, 262 mgkitropropane (1.1 mmol,

98 mg), potassiuntert-butoxide (0.2875 M in dioxane, 1.25

mmol, 4.35 mL),1.109(0.1 mmol, B mg), diethylzinc (1 M in MTBE, 0.2 mnhc0.2

mL) in MTBE (8 mL) for 24 hours afforded, after flash silica gel chromatography
(100:0 to 98:2 hexanes : ethyl acetafie],59(121 mg, 54%) as a pale yellow solid.
mp = 4748 °C;'H NMR (600 MHz, CDCJ) U 4 J8 I2.1,(24d Hz, 1H), 2.07

1.95 (m, 4H), 1.71 (m, 7H), 1.62 (m, 3H), 1.48 (m, 3H), 0.92 #,7.3 Hz, 3H):3C
NMR (151 MHz,CDC§) U0 101. 2, 38. 7, 36. 7,h)368, 1,
2852, 1544, 1456, 1445, 1365, 1316, 108IRMS (ESI) m/z, calculated for
[C1aH21NOo]* (IM+H] *): 224.1645; found: 224.1651

28.



1 Me 1.16Q 1.159 (0.2 mmol, 45mg) and Raney nickel (20

m w%, 9 mg) were added to a 20 ml scintillation vial, followed by 4
ml THF and 4 ml ethanol. The mixture stirred under 750 p

hydrogen gas at room temperature for 24 hours. The mixture was then filtered through
a pad of celite and washed with 100 ml of DCM. The solvents were removed under
reduced pressure to afford 37 mg (95%) analytically Auté0as a pale yellow oil.
'HNMR (600 MHz, GDs) U 1. 94 ( mJ=1DH,)2.3 HzL 1HR 7.69(nd d ,
3H), 1.63i 1.59 (m, 3H), 1.52 (dqd,= 13.1, 7.3, 2.2 Hz, 1H), 1.43 (m, 6H), 0.95](t,

= 7.3 Hz, 3H), 0.89 0.82 (m, 1H)*C NMR (151 MHz,CBCl) o 63. 3, 39.

36.8, D.4, 23.8, 12.8; FTIR (c) 3396, 3319, 2904, 2847, 1632, 1450, 1361, 1101.
HRMS (ESI) m/z, calculated for [GH23N]" ([M+H]™): 194.1903; found: 194.1900.
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1.12.11Crystallographic Details

X-ray structural analysis for cis-1.156 trans-1.156 cis-1.157 and trans-
1.157 Crystals were mounted using viscous oil onto a plastic meskaoidd to the
data collection temperatur®ata were collected on a BrukA&XS APEX Il DUO
CCD diffractometer with C&«KU r adi ation (& = 1.54178 i)
graphite. Unit cell parameters were obtai
different sections of the Ewald sphere. The -gmit parameters and systematic
absences were uniquely consistent to the reported space groups. The data were treated
with multi-scan absorption correctiah® The structures were solved using intrinsic
phasing and r@ied with fulkmatrix, leastsquares procedures 8.

Two compound moleculeZy = 2) were | ocatedcisin the
1.156 and trans-1.157 All non-hydrogen atoms were refined with anisotropic
displacement parameters.-atboms on nitrogen at@nwere treated differently as
allowed by the data quality: assigned calculated positicissl.15%; or located from
the difference map, treated with constraine#i Mistance tfans-1.156 cis-1.156, or
N-H restrained to be similar in both symmetry inelegent moleculegréns-1.15%;
and treated withJiso = 1.2(N-Ueg). All other hydrogen atoms were treated as idealized
contributions with geometrically calculated positions and With equal to 1.2, or 1.5
for methyl, Ueq Of the attached atom. Atomic s$t=ing factors are contained in the
SHELXTL program library34

The CIF for these structures have been deposited under GGIED42 =cis-

1.157 1542943 =rans-1.157, 1542944 =cis-1.156 1542945 =#rans-1.156
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Chapter 2

PHOTOREDOX/NICKEL DUAL -CATALYZED C-ALKYLATION OF
NI TROALKANES WI TH ALKYL HALAJITEREIBRY ACCESS
AMINES

2.1 Introduction

In Chapter 1, | discussed the development of nické&hlyzed alkylation of
nitroalkanes with unactivated alkyl halides. This reaction showed broad scope with
respect to both retion partners, alkyl iodides and nitroalkanes. Primary, secondary,
and tertiary alkyl iodides were reactive, allowing complex nitroalkanes to be made.
Although this method greatly advanced the nitroalkane alkylation, some limitations
still existed. Namely

First, he reaction of nitromethane with primary alkyl iodides lead to
significant double alkylation Rigure 2. 1). Attempts to limit doublalkylated

production by increasing the equivalents of nitromethanedfaile

10 mol % 2.2
20 mol % Ety,Zn

: NO NO
1.15 equiv base 2 2
Ph*m/s' + Me—NO, > Ph\M) . Ph\M)\M,Ph
MTBE/dioxane(2:1) 3 3 3
1.1 equiv2.1 1.0 equiv 40°C, 24 h 2.3, 32% 2.4, 25%
Ph Ph
74 7\
—N N=
Me \/NI\/ Me
Br Br 2.2

Figure 2.1:  Overalkylation of Nitromethane
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Second, scnitroalkanes only provided traces of alkylated prod&egure 2.
2). The tertiary nitroalkam products are particularly interesting as they can be

converted td-tertiary amines, a synthetically challenging functional motif.

10 mol % 2.2
20 mol % Ety,Zn
Ph\M,I . NO2 Q 1.15 equiv base> oh NO2 O
t t]
8 Et 2 OBY \TBE/dioxane(2:1) Let 2 OBU
11equiv21 2.5, 1.0 equiv 40°C, 24 h 2.6, 13%

Figure 2.2:  Secondary Nitroalkanes Are Poor Yielding

And third, dthough the reaction can be set on the bench using necessary
precautions to exclude oxygen and moisture, the use of pyropheda Bnhd the
extreme sensitivity of the reaction to oxygen make the reaction setup tedious and less
practical.

The tertiary nitroalkane products generated frivmalkylation of secondary
nitroalkanes are particularly interestirgs upon reductigrthey can be converted to
amines with adjacent tertiary centetsté¢rtiary amines), a synthetically challenging
functional motif. Conditions that would enable the efficient alkylation of secondary
nitroalkanes would have a great impact as it allows a facile roldéeigiary amines.

In this chapter, | will discuss mowe tackled this problem which ultimately led to the
development of photoredox/nickel dictalyzed alkylation of nitroalkanes. First, |
will discuss the importance aftertiary amines and novel methods for their synthesis,
in addition to traditional gmoaches. Then | will mention the recent progress in

photoredox/nickel duatatalysis. Finally, the development of a photoredox/nickel dual
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catalysis for alkylation of secondary nitroalkanes, as well as nitromethane and primary

nitroalkanes will be descrdal.

2.2 UTertiary A minesand Their Synthesis

U Tertiary amines are important class of amine motives that can be found in a
variety natural and synthetic biologically active molecules. Meman@id @nd
ketamine 2.8) are examples of synthetic drugs that areldeeAlzheimer disease and
anesthesia, respectively. Several alkaloids also contain this motif, for example,

lycopodine family 2.9), potential anticancer molecules, ENREF land Huperzine

family (2.10), potential antiAlzheimer compoundsHgure 2.3).2

NH, HN’Me Me
N Me H
(6]
Me Cl (6] y 74 ©
—
Me Me NH,
2.7 2.8

29 2.10

Memantine Ketamine Lycopodine Huperzine A

(Namenda) (Ketalar)

Figure23: Exampl es of Bi dértmyAncires | y Active U

Despite their significance, however, the synthetic methods to add¢essary
aminesare scarce. The most commonly used method is the addition of organometallic
nucleophiles to ketimine(11) (Figure 2.4). However, this method has significant
disadvantageous. The nucleophiles are limited to strongly basic organometallic
reagents, mainly orgardhium and Grignard reagents which inherently have limited

scope. Furthermore, unlikaldimines, ketimines are poor electrophiles (because of

13¢



steric encumbrance) and the presence of Lewis acids is necessary for increasing
electrophilicity as well as suppression Gfdeprotonation by basic nucleophifes.
Nevertheless, enantioselective examples have been developed by Ellman arftPothers.

There are comprehensive reviews on this tépic.

RS\N Lewis Acid R‘NH
[ + M-R* ——
R1J\ R2 R1/§2R4

211 M = Li, MgX

Figure 2.4:  Addition of Organometallic Nucleophiles to Imines

Another important reaction for synthesis Gtertiary amines is the Curtius
rearrangement (and related Schmidt rearrangement) of tertiary carboxylic azides
(2.14 to generate isocyanate intermediat249 which can be isolated or hydrolyzed
to corresponding amine&.16 (Figure 2.5).6''! The acylazides 2.14 are commonly
prepared from mixing acyl halide®2.L3 and azide salts. Although the reaction is
advantageous in terms of use of readily available carboxylic acids and offers amazing
disconnection opportunities in total synthesis, the patbhizards associated with
azides in combination with high temperatures limits the practicality and scalability of

this transformation?
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OgCl Ox N3 c° NH,
j: Azide I heat N hydrolysis /}\
RINRE —> RibRe > ko, T RIDR
2 2 R R R

R R R2
2.13 2.14 2.15 2.16

Figure 25: Curtius Rearrangement of Acyl Azides

Due to the paucity of general methods for synthesisteftiary amines, recent
efforts has been directed toward development of novel transformations for more
practical and diverse syntheses of this challenging motif. Next, | will mention the

important novel transformations that could provide acceSdédiary amines.

2.2.1 Metal-catalyzed GH aminations

Du Bois lab has been working on rhodhoatalyzed €H activation for the
past several years. The concept is based on the insertion of rhodium catalystklinto C
bonds and then forming -8 bonds by capturing thentermediates with the
appropriate amine souréglodonium salts are most commonly used as oxidants. They
have developed several conditions foHCactivation of diverse alkyl counterparts,
both inter and intramolecular. In 2013, they described an important transformation for
the selective intermolecular activation ofHCbonds at tertiary center2.07) (Figure
2. 6).1* The reaction is tolerant of common functional groups and the resulting
sulfaminatedproducts 2.19 can be hydrolyzed in acetonitrile to provide the free

amine @.20.



SO,NH

2
Me . £ cat. [Rhy(esp)] NHDfs  H,O/CH,CN NH3CF3CO,H
M )\N(OBZ + —>Ph|(OAC)2 M /}\'fOBZ —»80 < M /}\{OBZ
e
3 e then CF5CO,H e s

217 2.18 DfsNH, 2.1970% 2.20

Figure 2.6: Rhodiumcatalyzed GH Amination

Using a similar approach but a manganese catalyst, the White, gvba have
investigated €H activations extensively, was able to accomplish intramoleculdr C
amination of a variety of alkyl counterpaf®21) to afford cyclic amine derivatives
(2.22 (Figure 2.7).1° The reaction is general for all types ofHCbonds, 1°, 2°, 3°,
allylic, and benzylic, as well as amenable to scgiedo gram scaledMoreover, tke
products can be converted to other useful functionalized mole@iRS with simple

transformations.

2.5 mol % Mn(!BuPc)
1.5 equiv PhI(OAc),

1) CbzCl, EtsN | 2) NaN3, 56%

t
- Bu DMAP, 83 % | or KOAc, 76%
N=

N\ N\Mn/ /N
Na N/ )'(\N
V7
X = SbFq Bu

Bu
2.24, Mn('BuPc)

Figure 2.7 Manganese&atalyzed GH Amination
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2.2.2 Hydroamination of Unsaturated Hydroalkanes

Hydroaminationis an atom economical reaction that can deliver complex
coupled products from simple and widely available starting materials. Hydroamination
reactions are typically classified by the regioselectivity of the addition: Markovnikov
and antiMarkovnikov additions where nitrogen is added to more substituted carbon or
less substituted, respectively. Although, this process is generally viable from
thermodynamic standpoint, kinetically however, it is not viable in the absence of a
catalyst. The usef a catalyst provides the opportunities for controlling chemo
region, and stereselectivity of the reaction. More interestingly, Markovnikov
addition generate§tbranched amines and introduces stereocenters, thus presenting
opportunities for enantioselective catalysis. Hydroamination has been developed with
several important approaches, suchBagnsted Acidand base catalysis, (main,
transition, and rarearth) metal catalysis, heterogeneous catalysis, and radical
mediated. There are comprehensive reviews on this subject and | will focus on

examples wer&ktertiary amines are produc&¥??

2.2.2.1 Copper-hydride Approach

Copperhydride complexes are notably selective towards insertion to
unsaturated hydrocarbofis.Copper is also weknown to form complexes Wi
amines. Taking advantage of these two facts, in 2013, two reports were communicated
for the enantioselective hydroamination of styrenes.

Buchwald reported an enantioselective reaction for hydroamination of
electrophilic amines and olefins by utilizing @pper/phosphine2(30 catalytic
system and a silane as the hydride soufagufe 2.8).2* Although, this reaction is not

as atorreconomical as other hydroaminations, the excellent control of -regio



chemaselectivity justifies the use of electrophilic amine3.26-2.29. The reaction
has a broad scope and is toleranb-slibstitution 2.27) andb,b-disubstitution 2.28).
Moreover, the authors demonstrated a 10 mmol example without any loss in yield and

enantioselectivity.

2 mol % Cu(OAc), RLN,R2
xR RL _R? 2.2mol% (R)-DTBM-SEGPHOS
ot '}‘ = R
OBz 2 equive (MeO),MeSiH :
2.25 THF, 40 °C ‘.___'.‘
NBn, NBn, NBn, N("Bu),
M
Cl OTBS
2.26 2.27 2.28 2.29
86%, 92% ee 87%, 86% ee 83%, 99% ee 90%, 90% ee
I
O PAr, 2.30

( (R)-DTBM-SEGPHOS

0 PAr,  Ar = (3,5)-'Bu-4-MeOCgH,
g

Figure28: Buc hwal d é&aaly@dbHygdgroamination

In the same year, Miura and Hirano reported a similar condition for
hydroamination of styrenes by copper catalysiggfre 2.9).2°> The presence of
alkoxide base in this case is necessary for transmetallation wiB2uo regeneate
the active catalyst, GO'Bu. The authors used (&Bppbz,2.35 for nonasymmetric
reactions, and (S,9le-DuPhos(2.36) or (R,R}yPh-BPE (2.37) for enantioselective
variants. The reaction is general for a variety of amines and sty(28&<.34); and

provides access to important enargiriched benzylic amines.
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10 mol % CuCl

1 2
10 mol % Lq-L4 RAN-R
xR RLR® 3 equiv PhMeSH
+ | L R
OBz 4 equiv LiO'Bu
225 DCE, rt
o o)
n
B ~
N N N
Me
@Me ©AL Br\©/LMe
OAc
2.31,78% 2.32,57% 2.33,96%, 92% ee  2.34, 93%, 78% ee
L1 L1 L2 L3

wl 3_

D Ph
PAT, e D
PN
PAr, \:‘>Me h
2.35, L1

Ar = (3,5)-CF3CgH3 2 36, L2 2.37,L3

ow

Figure29: Mi ur a and Hicatayned BysiroaGimagtigne r

The Buchwald group expanded the scope of the cegiatyzed
hydroamination by employing a variety of unsaturated hydrocarbons includidg C
double and triple bonds$.To this end, they disclosed a report whigkolved the
enantioselective addition of alkgbpper species, generated from-i€uaddition to
olefins, to imines Figure 2.10).2° The reaction generates two stereocenters with
remarkable control over relative and absolute stereochemistry. The scope of the
reaction is, however, limited to styrenyl olefines dmhzylic imines(2.39-2.41). A
single example of dialkylketimine leading to dntertiary amine (241) was

demonstrated, that proceeded with excellent enantioselectivity, however, the yield was

poor suggesting that thi s-tertiasyamimes. an ef fect
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Me

z
_P(O)Ph, 5°mol % Cu(OAc), R2
NI 6 mol % (S,S)-Ph-BPE (2.37) mNHP(O)Ph,
. >
R‘lJ\RZ (MeO)zMeSIH R1

R 2.38 THF, 'BUOH, rt R
Me Me
y Ph Me
2 "INHP(O)Ph
N NHP(O)Ph, Me (O)Ph,
Ts
2.39, 77%, 4:1 dr 2.40, 75%, 4:1 dr
Maj: 99% ee Maj: 97% ee 2.41,31%, 90% ee
Min: 99% ee Min: 99% ee
Ph
Ph 73
2 p/\/P 7
Ph
Ph 237 L3

Figure 2.10: Enantioselective Coppaatalyzed Addition to Imines

2.2.2.2 Hydroaminarion of Olefins with Nitroarenes

Il n 2015, Barands group reported a nov
olefins by utilizing nitroarenes as amine precur€6By using a simple iron catalyst
(Fe(acag) and phenylsilane as hydride source, alkyl radicals (generated from the
olefins) are added to the nitro group to genefdtalkylated and N,Q&lialkylated
intermediateg2.42) which through further reduction by Zn/HCI furnish the final
alkylated amine Kigure 2.11). The scope of both coupling partners is remarkably
wide and a variety of substitutetomatic amines can be synthesiZ@di3-2.46).
Unfortunately however, nitroalkanes as starting materials only provide low amounts of

alkylated amine§2.47-48).
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1) cat Fe(acac);

T r2
No.  RNARY T PhsiHg R R R? RO R RZ
2 I EtoH,60°c  HN : H N—lR
R" + R4 RS _— o 2.42, N,O-alkylated (o)
2) Zn, HCl5q R4R5 i intermediate: R4 RS R4R5 H
60 °C, 1h ;

2.43,70% 2.44,60% 2.45, 55% 2.46, 45% 2.47,24% 2.48, 20%

Figure 2.11. Hydroamination oDlefins with Nitro Group

2.2.3 Visible Light Induced Copper-catalyzed GN Crosscouplings

In 2016, Fu and Peters disclosed a new method for eraomiergent €N
bond formation of racemic tertiar{-chloroamides with indoles and carbazoles
(Figure 2.12).28 This was a rare example of a single coppieosphing2.51) catalyst
as both the photocatalyst and the inducer of asymmetry. A variéhglobroamides
(2.49) can be coupled with diverse indoles and carbaz@&§) with high yields and
enantioselectivitie$2.52-55). The reaction is also tolerant of water and aryl halides.
The authors proposed a convergent radical mechanism that invbé/@seversible
alkyl radical generation from the alkyl chloride as no erosion of enantiomeric excess

of enantiopure starting-chloroamides was observed.
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EXY

/ ‘Q) ] \\,) é
N 1 mol % CucCl ) :
o) = 1.2 mol % 2.51 o = P, -Ph
. HN — = . L P
. cl - N :
N X+ LiOBu, toluene :* N X :
“..© R'R °«c " R'R ’
blue LED, -40 °C o O 2.51
R

~s
TS0

R® :
2.49 2.50 :
e Ol D O4 O e O
e N
N S5 N S o = N <
N «—N N —N
Et EtY Et Me” 2
" " Q) " Q) 219
F Br Br
2.52, 98%, 94% ee 2.53, 82%, 92% ee 2.54, 74%, 90% ee 2.55, 84%, 98% ee

Figure 2.122 Enantioselective Coppaatalyzed NAlkylation of Indoles and
Carbazoles

A year later, Fu and Peters groups reported a more general catalytic condition
for C-N bond formation where primary alkyl amings56) could be efficiently mono
alkylated with secondary alkyl iodide€.57) (Figure 2. 13).2° Normally, the
nucleophilic substitution reaction of amines with sterically hindered alkyl halides fails
due to overalkylation andzEelimination. By utilizing a similar photoinduced copper
catalyzed condition, the selective monoalkylatiorawfines can be achievé2l58) to
provide synthetically challenging congested ami{@$9-63). Nonetheless, no

examples of}+tertiary amines was demonstrated in this report.
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JBu

5 mol % Cul R2 : l}lI
| 10 mol % rac-Binol : _Po
~ = KA, isTee: ¢ AN Y
R™ “NH, * R3J\R2 BTPP, MeCNDMF  R™""N™R® N
2.56 257 blue LED, -10 °C 558 ; (]

OTBS

T e s, B O

3 3 3 N

Ph Ph O Ph ; N == H
Bu H \ o)

2.59, 55% 2.60, 82% 2.61, 54% 2.62, 52% 2.63, 54%

Figure 2.13. Coppercatalyzed Alkylation of Amines witeecAlkyl iodides

2.2.4 Decarboxylative azidation

In 2015, a silvercatalyzed decarboxylatvazidation of aliphatic carboxylic
acids was communi Eigute@.d4).3bSimildr to Gilvermpdiated p  (
Hunsdieckeitype decarboxylative reactions, this reaction proceeds through a single
electron mechanism; and with the use e84Os as the oxidant, it works with catalytic
amounts of silver. The scope is broad and a variety of secondary and tertiary azides
can be produak(2.64-2.67). Primary carboxylic acids, however, provide lower yields
of the primary azide§2.68). The authors also demonstrated a short total synthesis of
Indolizidine using their novel method. The resulting alkyl azides can be reduced to the

corresponghg amines with a variety of weknown procedures.
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cat. Ag(l)

0.0
R K3S,04
R_COZH + TSN3 or A \N3 R_N3
| MeCN/H,0
N 50 °C
Me Me
O,N Et  Bz. OY\)(
Et N N3 M
/\M)\ ’ e\‘“”/\Na
Br N o 15
wE My
2.64, 60% 2.65, 77% 2.66, 74% 2.67,81% 2.68, 45%

Figure 2.14: Silver-catalyzed Decarboxylative Azidation

2.3 PhotoredoxNickel Dual-Catalysis

Photochemistry has been an integral part of orgeln@nistry for decades.
Photoredox chemistry is a branch of photocatalysis in which adiggarbing catalyst
can, upon oxidation, either accept from or donate an elettr@mother molecule.
This electron transfer event generates a -eigbrgy molecule that undergoes
subsequent transformations, and the grestate photocatalyst is eventually
regenerated via another electron transfer event to carry on the catalytidonapée
being frequently used in inorganic chemistry and material chemistry, photoredox
chemistry, however, had been less utilized in organic catalysis until recently.
Nevertheless, during the last decade there has been a resurgence of interestlah this fie
as a plethora of reports on utilizing photoredox catalysts in organic catalysis has
emergedThis has allowed the development of catalytic reactions that were elusive to
the established thermal methods, complementing them with new modes of reactivity
ard novel mechanism¥.

Photoredox/nickel dual catalysis is a novel concept in transiietal

catalysis. Photoredox catalysis offers facile access to reactive radical species and when
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combined with transition metal catalysis, can result in interesting and synthetically
useful transformations of nemaditional coupling partnef&:333¢ Moreover, the
excited photocatalyst can participate in transition rreddlyst activatio through
single electron or energy transfer under mild conditions. In this section, | will address
the recent developments in duatalyzed photoredox/nickel transformations and how

we decided to utilize it in alkylation of nitroalkanes.

2.3.1 Decarboxylative Coupling of Alkyl Carboxylic Acids with Aryl Halides
In 2014, a seminal publication by Macmillan and Doyle described the
nickel/photoredox duat at al yzed coupling-oxfy -amnolU br om
carboxylic acids (Figure 2.15).3” Through successful merger of transitioetal
catalysis and photocatalysi®.{1), a useful transformation was developed that
allowed efficient coupling of alkyl radicals (gerated from decarboxylation of alkyl
carboxylic acidsZ.69 and aryl bromides2(70). The scope for aryl halide&.70) was
broad; however, the carboxylic acidd69) needed the presence Bhitrogen orU-

oxygen for efficient decarboxylatio2.72-76).



PFg

t
Bu N

\Ir("'; F

: | ~N
1By 'Bu
cat. 2.71 T\ — SN \\N/
cat. NiCl,-glyme : \ | |
COH  Br  cat dtbbpy P =N N By X XN

N

* —> R-Ar
R Ar dtbb
; p
269 270 light - y 2.71 CF4
/2 NHBoc
NBoc NBoc d NBoGc
QA
/ N N N\ —Ph \b O A\ O
= N Ac
CFs e Ac H
2.72, 82% 2.73,65% 2.74,61% 2.75, 83%

Figure 2.15. Ni/Photoredox Duatatalyzed Decarboxylative Coupling with Aryl
Bromides

A mechanism was proposed that involved the single electron oxidation of
carboxylate by excited photocatalyfFigure 2.16). The resulting radical loses C@
generate an alkyl radicaR.f7) which combines with the oxidative addition complex
of nickel (Ar-Ni-Br, 2.76 to generate a transient Wi species 2.78). This species
undegoes reductive elimination to provide the coupled product andVaspicies
(2.79) which through single electron reduction provides the ground state photocatalyst

and Ni? (2.80).
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Ar—Br
2.70

/\LnNio

2.80 Lol
LnNi“\'i: Light
E 2.76
2.77

*

Ll

JBr L,Ni'—Br |
Lnr\{iﬂA 279 Ll %
r -
R i SET R-cO,

Ar-R

2.77
SET: Single Electron Transfer

Figure 2.16. Proposed Mechanism for Ni/Photoredox Decarboxylative Coupling

2.3.2 Crosscouplings of Organoboron Reagents

Concurrently, Molander group utilized a similar strategy for comgpling of
benzylic BR (2.81) salts with aryl halide$2.70) (Figure 2.17).2 Unlike aryl boron
reagents which have favorable transmetallation rates, alkyl boron compounds suffer
from low rates of transmetallation. Taking advantage of the fact thatladkgh bond
can be homagtically cleaved by electron transfer to excited state photocatalyst, the
resulting alkyl radical can react with the oxidative addition complex of the nickel
catalyst .76 to generate a N intermediate that upon reductive elimination,
furnishes thedesired product as shown kigure 2.16. The reaction is general for
benzylic andsecondary\(-alkoxy)alkyltrifluoroboratesalts, as well as a broad array of

aryl bromideq2.82-2.83.
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cat. [Ir(dFCF3ppy),(bpy)IPFe

BF3K cat. Ni(COD),
cat. dtbb
Ar' + Br—Ar Py - ATAR
2.81 2.70 lutidine, Me,CO/H,0, light
oo O O N Ph/\ﬁf\ PR YN
VAR N,)
2.82,75% 2.83, 54% 2.84, 96%

Figure 2.17. Ni/Photoredox Duatatalyzed Coupling of alkyBF; salts with Aryl
Bromides

Molandergraop f urt her expanded t he-amimope of
U oxy, and secondary alkyl boron reagents, as well as acyl chlorides as electrophiles

are now suitable starting materia¥g?°

cat. [Ir]
BF3K cat. [Ni] R
cat. ligand
R1 R2 + X_R3 —_— RZJ\Rg
R'= Alk, Ar light
R? = Alk, OPG, NPG
o OPiv
Y
\\/o\)LM,Ph Bn N N
2 | _ Boc
N CN Br
2.85, 60% 2.86, 81% 2.87,61%

Figure 2.18 Photoredox/Ni Duatatalyzed Reactions Other Classes of Alkyl BF
Salts
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2.3.3 C-H Arylation

Catalytic ativation of C-H bonds is a significant challenge in organic
synthesis. The firsexample of GH activation via photorederickel dual catalysis
was reported by Macmillan and Doyl ebds whe
through oxidation/deprotonation was describefio expand the scope, the Macmillan
group developed another strategy, specifically Hydrogen Atom Transfer (HAT)
catalyst for radical generatidhln short, HAT catalys(2.88) is oxidized by excited
state photocatalyst to a radical cati&89) which will abstract the most hydridic
proton (2.90), U to the nitrogen to affordin U-amino radical(2.91). The resulting
radical will combine with the nickel cataly&.92) to furnish the product2.93) in a

similar fashion to previous methodsidure 2.19).

[lr](ll) [lr](lll)*

ACOTL\% M Aco\CQl

2.89 2.88, HAT
Ar—Br
2.70

2.91 .Br Lan(I)_Br [Ir](ll)

; . LaNil) 2.80
iMeQ OMe: f i

: >:< ?:< : BocN

7 N\ \ : Boc
=N N= : 2.92 N

' Ar
ligand i \<_7

T - 293
[Ir1™ = Ir[dF(CF 3)ppyl,(dtbbpy)PFg

Figure219 Proposed Mechanism for -WAayatonl | ands
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Doyle group developed a different strategy where chloride ra(i@) acts
as an HAT catalyst and abstratihydrogen of ethereal solvent®.2) to generate
alkyl radicals* The halide radica(2.94) is released from the oxidative addition
complex of nickel after oxidation by photocatalyst and subsequent excitation by light.
The alkyl radical proceeds in a similar fashion to combine with the nickel caaalyst

yield the coupled produc(96) (Figure 2.20).

| ArCl
LNif® LoNi© [irg"
n
1™ A [
G LNIX
Oyn
cl o
/ 2.96
LaNi"-Ar
\
X o)
Iight\ () g 3
L.Ni"M-Ar i :
/Ar "N 1By ‘Bui
LnN\i(”)+ Cl T< 7\ \— :
pe; g
2.95 [1r]"") = Ir[dF(CF 3)ppyl,(dtbbpy)PFg

Figure 220 Pr oposed Mechani sm f oHArationl eb6s Ni / PF

2.3.4 Reductive Cross-electrophile Coupling

As mentioned in last chapter, crostectrophile reductive coupling is an
interesting strategy as it cuts the number of steps for preparation of organometallic
nucleophiles. Macmillan group designed a new approach for photoredox/nickel dual
catalyzed reductiveoupling of alkyl halides with aryl halide&igure 2.21).*° In this

method, a sterically hindered silane [(TMSIH, 2.97 is used to generate a silyl
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radical (2.98) that abstracts a halogen from the alky hal@89) to release an alkyl
radical (2.78). Similar to previously discussed reactions, the alkyl radical combines
with the oxidative addition complex of nickel and aryl hal{@e/7) to furnish the
coupled product. Luminescence quenching studies showed that the excited state
photocatalyst is capable of oxidizing the bromide anion to generate bromine radical
(2.100). This will further abstract hydrogen from the sila(®97) to generate the
silane radical2.98) necessary for selective formation of alkyl radicals. The scope of
the reaction was proved to be broad with respect to both coupling partners, alkyl

bromides anaryl bromides.

Ao (TMS),SiBr + R-Br
/\ 578 \ 2.99
LoNi° Light T™S

L Nill'Br 2.81 [|I']”| ‘_\ :Sl-TMS
" MAr . TMS 5 og
E 2.77 [Ir]'” .
2.78 \ Br
L.Ni'—Br ,
.......................... 41 Br n I 2.97, (TMS);3SiH
. . i Ir , 3
; ;LN 280 [ "B
E’Bu tBui R Br
Y U 2.79 2.100
; \ /) Ar-R
=N N ]

: ligand [Ir"") = Ir[dF (CF3)ppyl,(dtbbpy)PFy

...........................

Figure 2.21: Proposed Mechanism for Ni/Photoredox Reductive Coupling

2.4 Photoredox/nickel Duatcatalyzed Alkylation of Nitroalkanes
As discusseth last chapter, the sensitive nagwf EbZn rendered the reaction
setup of nickektatalyzed alkylation of nitroalkanes cumbersome. More importantly,

secondary nitroalkanes only provided low yields of the tertiary nitroalkane products
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which potentially could be more interesting as they@ecursors tbHertiary amines.

We hypothesized the low reactivity of theZt condition with secondary nitroalkanes

to the introduction of Lewis acidic zinc salts that can potentially compete for ligand
and lower the reactivity of the nickel catalyst. Therefore, augghkt for alternatives
ways for the initial reduction of nickel piatalyst. The success of photoredox/nickel
catalyzed reactions and the excellent functional group tolerance of them prompted us
to test the idea of using a photoredox catalyst in pladet@h. Mechanistically, in
several of previously described methods the excited state erdl®mt photocatalysts
were proposed to be capable of reducing nickel catdfystmreover, a number of
metal and organidbased photocatalysts with diverse reduction potentials are known
which allows for finding the right pair of photocatalyst and nickel catalyst based on
their reduction potentiald?34 Polypyridykiridium and -ruthenium photocatalysts are
generally chemically inert due to their fully substituted structure. Furthermore, only
very small amounts of photocatalysts has been shown to beiesuf for reaction
proficiency, in contrast to EZn where we had to use double the amount of nickel
catalyst for good yields. Taken together, this hypothesis could be viable and is worthy
of pursuit.

My former colleague, Dr. Rajgopal Sharma was firgdtrthis hypothesis by
taking our standard condition and displacingZatwith Ir(ppyk and blueLED light
(Figure 2. 22). Gratifyingly, excellent yield with a primary nitroalkane - (1
nitropropane,2.102 was observed with this sgsh, proving the viability of our
hypothesis. Control reactions established that the reaction does not proceed without

the nickel catalyst or light, and only provides trace yields without the photocatalyst. |
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then decided to study the reactivity of the setary nitroalkanes with this new

system.

0,
10 mol. A; 2.2 NO,
| NO, Additive
i i Et
O/ . K/Me 1.1 equiv KO'Bu -
dioxane
2.101 2.102 2.103

Additive = 20 mol % Et,Zn, 76% Yield
=2 mol % 2.104 and light, 96% yield (NMR)

N N

)
2104 |[N7
Ir(ppy)s L X
|\

3)

Figure 2.222 Comparison of EZn and Iridium as Additives in Nsatalyzed
Alkylation of Nitroalkanes

2.5 Optimization of Nickel/Photoredox Dual-catalyzed Akylation of sec
Nitroalkanes

During the optimization studies, | found that in order to get good yields, the
relative equivalence of nitroalkanes to alkyl iodides needs to be adjusted for each class
of nitroalkanes. As such, faecnitroalkanes, a slightxeess of the nitronate (1.4
equiv) relative to the alkyl halide is best. With primary nitroalkanes a close {twone
one ratio is sufficient. To suppress the eattylation, however, excess amount of

nitromethane is necessaryaple 2.1).
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Table 2.1: The Effect of Nitromethane Equivalence on Yield and Overalkylation

10 mol % 2.2 NO
1 mol % Ir(ppy)s NO, 2
Ph I O,N. 2 equiv KO'B Ph Ph
~ N + OaNs o equiv u - Ph\Ms) . \Ma)\M,s
2.1, 1 equiv X equiv féoﬁ?;';'b?gﬁ t';i?p 2.3 2.4
Equivalent o
Nitromethan 23 24
5 63% 15%
10 67% 9%
15 73% 8%
20 73% 6%

The first variable that studied in the reaction of a representatsec
nitroalkane was the solvent. Among the various solvents, dioxane proved to be the
most general and optimal solvent, therefore, it was chosen for further silialds?.

2).

Table2. 2: The Effect of Solvent

OMe 10 mol % equiv 2.2 NO OMe
Ph | NO, 1 mol % Ir(ppy); 2
N~ 1.4 equiv KO'Bu Ph
Et - Et

solvent, blue LED

2.1, 1 equiv 2.105, 1.5 equiv 48 h, ambient temp 2.106
Entry Solvent Yield of 2.106
1 MTBE 62%
2 dioxane 70%
3 THF 17%

15¢



4 MeCN 21%
5 toluene 26%
6 DMF 3%
7 EtOAc 16%
8 ‘BUOH 15%
9 DCM 5%

The next variable that wgainvestigated was the base. Similar to our previous
condition, potassiuntert-butoxide was found to provide the highest yiel@lakle 2.

3).

Table 2.3: The Effect of Base

Ph | NO2 My moT‘%l :ﬁpzr;:)e, Oz e
~N . 1.4 equiv base . Ph >
2.1, 1 equiv 2.105, 1.5 equiv féorfa;;b?lel:ﬁ t';if:) 2.106
Entry Base Yield of 2.106
1 DBU 18%
2 LiO'Bu 0%
3 NaOBu 27%
4 KO'Bu 70%
5 NaOTMS 51%
6 KOTMS 43%

The effectiveness of different photoredox catalysts was also examined. Most of

these photocatalysts have absorptions around4800nm (blue light and therefore



blue LED light was used. Interestingly, the reaction works even without a
photocatalyst to provide 16% vyield @106 Although similar yields with some
nitroalkanes (such as Bnd 2nitropropane) were obtained even in the absence of
photccatalyst, the yield is generally low for more complex nitroalkanes su2ilés

with such conditionsMore oxidizing photocatalysts, sucha31and2.11Q are low
yielding. Although several other photocataly§2sl07, 2.108109 were promising,
Ir(ppy)s (2.109 proved to be most general and was chosen for further stiriges €
2.23).
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10 mol % 2.2 OMe

NO, OMe 1 mol % photocatalyst NO,
Phooy! 1.4 equiv KO'Bu Ph
3 ° Et
_ . dioxane, blue LED s Et
2.1, 1 equiv 2.105, 1.5 equiv 48 h, ambient temp 2.106
Yield of 2.101 in Parentheses +
£
i |||)/ F| PFg Irt
N
) g
A
LY 4, 3
CF3
2.107, (49%) 2.71, (28%) 2.104, (70%)
€XC. hpay (M) = 450 €XC. Apax (M) = 380 OXC. Amax (NM) = 375
Eqjp (MP/M) = -1.04 E12 (MY/M) =-0.89 Eirz (M*/Mf) =-1.73
Eqp (MIM7) = +1.35 Eq (M/M7) = +1.21 Evz (MM7) = +0.31
2+
N ol e
) u(
" O‘O
3

2.108, (54%) 2.109, (48%) 2.110, (0%) 2111, (7%)

eXC. Amax (NM) = - €XC. Apax (NM) = 452 EXC. Apax (NM) =425 eXC. Amay (NM) = 434

Eqp (M/M)=-096  E (M*M)=-081  Eqp(M/M)=-049  Eyqpp (M/M') = -1.82
Eq2 (M/M7) = +0.66 Eyp (MIM)=+0.77  Eq (M/M7) = +1.88  Eq;p (M/M7) = +1.13

Figure 2.23: The Effect of Photocatalyst

| also studied the effect of differengénds. Unlike our previous method in
which only phenanthrolinbased ligands were effective, different classes of the
ligands showed varying degrees of reactiyiyl12-119) (Table 2.4). Bathocuproine

still was the ligand of choe and | decided to use the sing@mponent nickel



bathocuproine preatalyst for ease of reaction setup. As mentioned before, the

reaction is not productive without the addition of nickel.

Table 24:  The Effect of Ligand

10 mol % NiBr,-diglyme

OMe 10 mol % ligand OMe
NO, NO
Ph [ 1 mol % Ir(ppy)3 2
N Et 1.4 equiv KO'Bu Ph
> Et
) . dioxane, blue LED
2.1, 1 equiv 2.105, 1.5 equiv 48 h, ambient temp 2.106
Entry Ligand Yield of | Entry Ligand Yield of
2.106 2.106
Bu 'Bu
1 noné 0% 6 = = 20%
N\ 7N/
N N
2.115
2 none 6% - -
7 /" 4 12%
Me Me
2.116
Me Me
O o)
W\) Ph Ph
3 N N/ 7% 8 —/ \— 20%
BN 5412 Bn /" N7
2117
z | __ __
O N Y N4
4 N N 9% 9 o . 38%
. 2 2.118
Pr 2113 Pr
tBu
= | NH,
5 BUC AN X BL 40 10 oy 9%
N N NH,
2.114 2.119
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2NiBrhAdi gl yme was not added

2.6 Scope of theReaction

With the optimal condition in hand | investigated the scope and limitations of
the transformation. A wide range of primary alkyl iodides were reacted with an array
of cyclic and acyclic secondary nitroalkandsg(re 2.24). Biologically relevant
aromatic and nofaromatic heterocycles, commonly found in pharmaceutically active
agents, including pyrazole 2121, benzofuran Z.122, quinoline @.123,
benzothiazole2.134), pyridine @.123), piperidine 2.122 2.124 2.129131), indole
(2.125, benzodioxole Z.132 are compatible with the reaction condition. Aliphatic
chlorides 2.132, as well as aromatic halide®.123, 2.129131) are unreactive, thus
allowing for further manipulation ahdownstream functionalization of the products.
Acetyl and silylprotected alcohols2(127 2.133, as well as unprotected alcohols
(2.126 are also compatible. Common functional groups such as alkeAd8§( esters
(2.123, 2.13% nitriles @.129, proected amines2(124, 2.125and 2.128) ketones
(2.130, and ketaprotected ketones2(131) are welttolerated providing access to

products with multiple functional groups.
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10 mol % 2.2

NO 1 mol % Ir(ppy)3> NO,

1 2 1

AN G 1.4 equiv KO'Bu R R
R R dioxane, blue LED R

ambient temp

Ph\/\/bMe f\?_'/z—'/\me C@J\ O\/(\
e

2.120, 85% Ph 2121, 78% 2,122, 84%
0 0 NO,
NO,
Xy~ o N A\
| NO,
PP N
cI” N o) NCbz T
2.123, 84% (87%") 2,124, 70% 2.125, 70%
NO f
TsN
R= OH 2.126, 39% R CN, 2.129, 53%

COMe, 2.130, 56%

OSiBuPh,, 2.127, 40% '
2 ° 2.128,62% (60%7) C(OC,H,0)Me, 2.131, 74%

Ph, 2.106, 65%

ON g
(
No2 o °
O'Bu
CI

5 Me o
2132, 66% 2133, 72% 67% gram scale) 2 134, 58%

aunder air. 4 mmol scale.

Figure 2.24: Scopeof Primary Alkyl lodides

The reactivity of secondary and tertiary alkyl iodides was also examined
(Figure 2. 25). Secondary cyclic alkyl iodides work moderatel.36:137) to
excellently £.139 in the photoredox condition. The m®n of acyclic secondary

alkyl iodides with secondary nitroalkanes, however, provide only modest yields with

162



no diastereoselectivity2(139. The generation of two fully substituted carbons from

the reaction of tertiary alkyl iodideg.039, despite lowyields, is a remarkable feat,

as such sterically e n-tedianbaninesy arenexttemetya |l k a n ¢
challenging to synthesize. Furthermofebranched nitroalkanes, which were poor
substrates for ZZn condition, can now be utilized affordingpad yields of the

coupled productd.140.

10 mol % 2.2
1 mol % Ir NO
RX + J\ 1.4 equiv KO'Bu R R® .
RS R RS dioxane, blue LED R* e R* Me  Ni Me
ambient temp Br' Br 2.2
o 0
02N Me > 02N S
N 0
o o Q!
OC/N O'Bu
2.135, 90% 2.136, 55%¢ 2.137, 46% Et NO2
NO,
W w O)YY’H
Et’ NO
2 M Me Me O
T¢ 2.138, 30%? (dr 50:50) 2.139, 24%? 2.140, 59% (dr 62:38)

420 mol % 2.2

Figure 2.25. Scope of Secondary and Tertiary Alkyl lodides

The use of nitromethane was not successful with the previous condition due to
low vyields,as well as ovealkylation of the resulting primary nitroalkanes (especially

with primary alkyl iodides). In this method, however, by using extra equivalents of
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nitromethane (which was not beneficial with the previous method) good to excellent

yields of mano-alkylated product can be obtaineétii41142) (Figure 2.26).

10 mol % 2.2
1 mol % Ir(ppy
R _lI O.N 6 IrPpy)s

N r R1
\‘Z * Me 2 equivKO'Bu N No,
R 15 equiv  dioxane, blue LED R2

ambient temp

o OTBS
| NO

2
2.141, 67% (66%°) 2.142, 92% (dr 65:35)

4under air

Figure 2.26: Scope of Nitromethane

The reactivity of alkyl bromides and chlorides was also tested tvitmew
condition Figure 2.27). These electrophiles were negligibly reactive withZat
condition. In the photocatalyst system, however, alkyl bromides provide yield,
although consistently lower than alkyl iodides. Alkyl chlesdare completely inactive

which allows for the use of mix halide bétectrophiles.
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(0] 0.1 equiv 2.2 NO,

0.01 equiv Ir(ppy)s
Phar X + OZN\/\)J\OEt - o o
3

3 1.1 equiv KO'Bu o
21,1equiv  2.143,12equiv  dioxane, blue LED
24 h, ambient temp 2.144 X =ClI, 0%
Yield (NMR): X = Br, 43%
X=1,80%

Figure 2.27: The Effect of Halide Leaving Group

During the investigation of the scope of the reaction, llzed that there is no need for
oxygen and moisture exclusion, the reaction works fine being set under air, as long as
the vessel is closed after the setup (normally, the reaction vessel is half full). This
further adds to the value of the method as it @sathe reaction setup much more
convenient and usdriendly, in contrast to EZn condition which was quite sensitive
to oxygen and needed rigorous setup. In order to compare the reactivity of primary
nitroalkanes with the novel method to our previousddmom, 6 examples from
previous chapter were selected and synthesized by the new condition. Gratifyingly, in
all cases, similar or better yields were obtained45150. More importantly, the
reaction could be set under air with no incident on the yRi#8150).

| mentioned in last chapter that with 2t condition some substrates
containing Lewis basic functional groups needed additional ligand for good yields.
Same substrates with the photoredox condition, however, provide similar yields
without the need for additional ligan@.(L46. This further suggests that the zinc salts
generated from EZn can potentially compete with nickel for ligand (since additional

ligand was beneficial), and therefore reducing the activity of the catalytic condition.
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Overall, the new photoredox/Ni condition provides significant advantages over
the previous EZn/Ni in terms of scope and functional group compatibility, as well as

convenient on the bench set up.

R | NO 10 mol % 2.2
2 Condition A or B
Rh/ + '

Condition A: 1 mol % Ir(ppy)s, 1.1 equiv KO'Bu, dioxane, blue LED, ambient temp
Condition B: 20 mol % Et,Zn, 1.15 equiv KO'Bu, MTBE/dioxane, 40 °C

N o2 N 02 (@)
Et OAc
N O'Bu
N 3

\ NO2
Ts
2.145 2.146 2.147
Condition A: 68% Condition A: 70% Condition A: 72%
Condition B: 46% Condition B: 72%32 Condition B: 55%
NO,
OMe
o( 5 Et I NO-
N X Me
3
SN W7
S
2.148 2.149 2.150
Condition A: 54%® Condition A: 76%?® Condition A: 67%P¢
Condition B: 52% Condition B: 68% Condition B: 70%°

210 mol % additional bathocuproine. Preaction was set under air.
¢15 mol % 2.2 was used.

Figure 2.28: Comparison of Old and New MNiatalyzed Alkylations

To highlight the utility of the reaction and based on the fact that nitromethane,
as well as primary and secondary nitroalkanes work efficiently in the photoredox

condition, | performed thee sequential alkylations with different alkyl iodides

16¢€



containing biologically relevant heterocycles to make a complex tertiary nitroalkane
(2.153 (Figure 2.29). The nitro group can be conveniently reduced to amine to

provide a conplex Utertiary primary amine in excellent yield.(54.

Figure 2.29. Sequential Alkylation and Reduction

The tertiary nitroalkane products can be selectively reduced to the
correspondind+tertiary amines with a variety of conditions that are compatible with
other amine protecting groups. For instance, | used a mild reduction method,
Zn/AcOH, which could provide excellent yields of the amine products without the

need for purificationZ.155157) (Figure 2.30).














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































