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ABSTRACT

Lactate derivatives are important synthetic premrsto a variety of pharmaceutical
products. Previously reported methods to prepamatias require multiple steps or have limited
scopes. Herein, we report a Ni-catalyzed reducaéition of a variety of alkyl iodides to-
oxyacrylates to afford substituted lactates. Expfpthe scope of radical acceptors reveals that
electron-deficient alkenes, ranging from cyclohewentopara-caboxystyrene, undergo efficient
coupling with alkyl iodides. This method represemis alternative strategy access lactate
derivatives.

1. Introduction

Lactic acid and its derivatives are synthons targd variety of pharmaceutical produtts.

For instance, cyclohexyl lactic acid is a buildibtpck for selective E-selectin inhibitdk

(Scheme 1¥.Phenyllactic acid is a precursor to the naturadpct sattabaci®, which shows



antiviral activity> While lactic acid is manufactured by microbial femtation, accessing its
substituted variants requires multiple steps. W&itme methods, the scope of accessible lactate
variants is dependent on available amino acidsvi®e methods for preparing substituted
lactates include-hydroxylation of acid$,diazotization of amino acidsaucleophilic addition of
cyanide to aldehydésC—H activation of lactic acifihydrogenation of th@-ketoacids’, and
dihydroxylation of acrylic acids followed by redian (Scheme 1}

Scheme 1. Strategies for Preparing Lactate Derivatives
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The addition of radicals to alkenes represents delwiapplied approach for preparing
complex molecules from simple precursdt$ Conventional radical initiators include peroxides,
azo compounds, tin hydrides, and &mi However, by-products generated from these
+14

stoichiometric reagents restrict scale-up proceskemsition metal catalysts, such as't@i

and Cu}® could enable sustainable catalytical radical amfuitto alkenes. Ni has been



characterized to catalytically initiate radical rfmtion from aryt® and alkyl halides.” *®
Recently, reports from ShenWiweix?°, our group’, and other$?324%?%eveal that radicals
initiated by Ni catalysts can undergo addition tkemes. Herein, we demonstrate that Ni-
catalyzed radical addition can be applied to theparation of lactate derivatives via reductive
coupling of alkyl iodides ta-oxyacrylates. The use of reducing conditions aittyl halides as
the coupling partners avoids stoichiometric orgaetaltic reagents in conventional cross-
coupling reactions and improves functional grouprance?’
2. Results and Discussion

We examined reaction conditions for the postulatdlctive addition reaction usina-
acetoxyacrylate este3 as the model substrate and iodocyclohexane agdbpling partner
(Table 1).a-Acetoxyacrylate esteB could be readily prepared by refluxing ethyl pynevan
acetic anhydride in the presence of catalytic agith a common catalyst precursor, NiBr-
LIDME,?® we explored various ligands in the presence offHfflexafluoroisopropanol) as the
proton source. While the monodentate triphenylphwsp gave trace produet (entry 1),
bidentate ligands, including dppe (1,2-bis(diphphgisphino)ethane), dppp (1,3-
bis(diphenylphosphino)propane), dppb (1,4-bis(dipfighosphino)propane, dpppe (1,5-
bis(diphenylphosphino)pentane), and dppf (1,1 éEfenylphosphino)ferrocene) led to good
conversions (entries 2-6). In particular, ligandthviarge bite angle® such as dppb and dppf,
gave the highest yieldbl-ligands are commonly used in Ni catalysis. Theafdapy (bipyridine)
afforded4 in 40% vyield (entry 7). Proton sources with higip&rs than HFIP decreased the
yields (entries 8-10). The use of Mn as the reduded to formation of} in 38% yield (entry

11), but other reductants, including In, Mg, and IEd to trace product. It is noteworthy that the



reaction does not require air-free conditions. Répg the standard reaction in air generatéa
70% NMR vyield and 69% isolated yield (Table S3).
Table 1. Catalyst Optimization

NiBr,-DME (10 mol/%) 0

(0]
yk ' ligand (10 mol%) OEt
OEt *+ Zn (2 equiv) OAc
OAc ) THF, 25°C, 12 h
3 (2 equiv) 4 (%)

Entry Ligand Proton Source Yield (9%)

1 PPh HFIP 1

2 dppe HFIP 62

3 dppp HFIP 65

4 dppb HFIP 78 (78)
5 dpppe HFIP 62

6 dppf HFIP 79 (76)°
7 bpy HFIP 40

8 dppf tBuOH 42

9 dppf iPrOH 31

10 dppf HO 24

11 dppf HFIP 38

& GC yield with mesitylene as the internal standard.
P |solated yields in parenthesis.
¢ Mn was used as the reductant in place of Zn.

With the optimized conditions, NiBIDME in combination with dppf and Zn, we explored
the scope of alkyl iodides (Table 2). A vareityseicondary alkyl iodides undergo additior3fo
as well as primary and tertiary alkyl iodides, foal lactate derivativeg-14. The success of
different electrophiles suggests that the condstiare relatively insensitive to the sterics of the
alkyl group. In the formation ofi3, tBul could be replaced byBuBr to generatel3 in
comparable yields, but other alkyl bromides arectiva under these conditions. When both a
chloride and an iodide are present in the substtigeiodide reacts preferentially, leaving the

chloride intact in the formation dfl.



Subsequently, we evaluated different alkene accepReplacing the acetate ®fwith the
bulkier pivalate led to formation o15 in lower yield. A methyl protectedi-oxyacrylate
underwent efficient addition with Cyl to givé6 in 86% vyield. Thea-oxy group, despite
providing a captodative effetl,s not essential for obtaining reactivity. lodolcyeexane added
to cyclohexanone and benzyl acrylate to dgi8eand 19, respectively. Methyl 4-vinylbenzoate
underwent cyclohexyl addition to affor?d in 74% vyield, but parent styrene produced the
addition product in 23% vyield with dicyclohexylati@as the major-byproduct. These results are
consistent with the preference of the nucleophulicyl radicals to add to electron-deficient
alkenes.

Table 2. Scopes of Alkyl lodides and Alkene Accepfors

NiBr,DME (10 mol/%)

R! dppf (10 mol%) R!
\(2 + R ROY
R

. Zn (2 equiv) 2
(2equiv)  THF:HFIP = 3:2 (3




|

Alkyl lodide Scope

CO,Et CO,Naph CO,Et
Cy/\r 2 YY oNap GA‘/ 2
OAc OAc OAc

4 76% 5 52% 6 57%

CO,Et tBu\/YCOQEt Fgc\/\rCOZEt
Tsl\o/\(‘D/Ac OAc OAc

7 54%P 8 53% 9 29%

n-hexyl \/\rCOQEt C|\/\/\/\‘/002Et

OAc OAc
10 50% 11 57%

F

2 CO,Et CO,Et
O,E 2 2
FaC’C\C/\‘/C oEt tBu/Y @/\r
Fy OAc OAc OAc

12 43% 13 65% 14 68%
60%°

Acceptor Scope

Cy/\‘/COZEt Cy/\‘/COZEt Cy/\rCOZNaph /(l
Cy (6]

OPiv OMe OAc
15 44% 16 86% 17 51% 18 69%

CO,Me CO.Me
B Ph 2
Cy/\/C02 n A/<J/ Cy/\/ Cy)\/COZMe
Cy

1981% 20 74%M 21 23%9 22 77%

%lsolated yields. Reaction conditions: 0.2 mmofinled.3 mL THF, 0.2 mL HFIP, 25 °C, 12 hrs.
b1 equiv iodide.
¢ tBuBr instead ofBul.
9 NMR vyield with mesitylene as the internal standard

We then carried out experiments to probe whethadeal intermediate is formed. Addition
of one equivalent TEMPO to the coupling®tvith iodocyclohexane under standard conditions
completely inhibited the reactivity. The additioh@iodo-1-hexene t8 led to a mxiture o3,
24, and25 in the ratio of 1:1:0.9 (eq 1). The internal alkgiroduct25 was characterized by
NMR spectroscopy, but the precise position of tiiernal double bond was not determined. The

formation of23 may suggest a hexenyl radical intermediate thdewment cyclization at the rate



of 10°s*,* but a Ni-mediated insertion pathway cannot bedrast. Even though a radical is
formed, Ni may only serve as an initiator and teaction may proceed through a radical chain
mechanism via & iodide atom transfée¥.
o}
O\/\(U\OEt
i NiBr, DME one
1Bro 1 23 (=
\éjkOEf (10 moli%) “ o)
C H %
: ligand (10 mol%) WOH (1)

+ Zn (2 faquiv),_25. °C OAc
THF:HFIP = 3:2 24 ()
TN o
Moa
! OAc
25 (1)

23:24:25=1:1:0.9

3. Conclusion

In summary, we have developed a Ni-catalyzed rédraoupling of alkyl iodides with
electron-deficient alkenes, includingroxyacrylates. This reaction can be readily applied
preparing lactate derivatives. Based on previoudies of Ni-catalyzed cross-coupling reactions,
it is reasonable to propose that Ni initiates raddformation from the alkyl iodide, which then
adds to the electron-deficient alkenes. Howevareot data is insufficient to distinguish radical
pathways from Ni-mediated addition.
4. Experimental Section

All reactions were carried out under dry nitrog8olvents (free of inhibitors) were dried and
deoxygenated by passing through alumina in a sblpenfication system, other than HFIP
which was used as received. Chlorofadmras purchased from Cambridge Isotope Laboratories.
Ethyl 2-acetoxyacrylate3f and ethyl 2-methoxyacrylate were synthesized raeg to literature
procedures’® * 'H and *C NMR spectra were recorded on a Bruker 400 MHz nkea
spectrometer. The chemical shify @re given in parts per million and referenceddsidual

solvent peaks. The following abbreviations weredusedescribe multiplicities: s = singlet, d =



doublet, t = triplet, g = quartet, sept = septet; multiplet, br = broad. IR spectra were recorded
on a Nicolet 6700 FT-IR spectrometer. High resolutmass spectra (HRMS) were collected on
an Agilent 6224 TOF LC/MS. Reactions were monitobgdthin-layer chromatography (TLC)
on Merck TLC silica gel 60 F254 plates and compauwere visualized by UV light (254 nm)

or KMnO4 staining. Column chromatography was pened on Merck silica gel 60 (0.015

0.040 mm).
4.1. General Procedurefor the Alkylation Reaction

A 2 mL crimp-top GC vial was charged with NiBr2(DME.2 mg, 0.02 mmol, 0.1 equiv),
dppf (11 mg, 0.02 mmol, 0.1 equiv), and activatedpdwder” (26.2 mg, 0.4 mmol, 2 equiv).
The vial was crimped shut and the olefin (0.2 mradquiv) was injected through the septum as
a solution in 0.3 mL THF followed by 0.2 mL HFIPh& iodide (1-2 equiv) was then added (as a
solution in THF, if solid) and the vial was shakenh 1000 rpm for 12 hours at 25 °C. The
reaction was diluted with EtOAc and quenched byatdition of 1 M HCI (aq). The aqueous
phase was extracted with three portions of EtOA® dombined organic phase was then passed
through a plug of silica. An aliquot of the orgamlecase was used for GC or GC/MS analysis
with mesitylene as an internal standard. Solverd veanoved and the mixture was purified by
chromatography on silica gel with EtOAc/hexanelesdluent to give the products as colorless
oils.
4.2. Preparation of NiBr,[DME

The thimble of a 250 mL Soxhlet apparatus was @uhngith 10 g anhydrous NiBrThe
apparatus was flushed withp,Nhe boiling flask was charged with 150 mL 1,2-DMiad the
condensor was attached. The solvent was heateflu® and the solid was extracted for 1 week,

under N. Occasionally, the solid mass of NjBwas broken up with a spatula. Excess solvent



was removed by distillation under vacuum and theulteng orange solid was dried under
vacuum overnight. The NiBIDME (8.5 g, 63%) was stored in g-Nlled glovebox. A higher
yield can be obtained by allowing the extractiomuo for a longer period of time, as some NiBr
remains in the thimble after one week.
4.3. Substrate Synthesis
4.3.1. Ethyl 2-(pivaloyloxy)acrylate

A 100 mL RBF was charged with pivalyl chloride (22, 18 mmol, 4 equiv), BN (2.5 mL,
18 mmol, 4 equiv), and 20 mL of DCM undep.N'he solution was cooled to 0 °C and ethyl
pyruvate (0.5 mL, 4.5 mmol, 1 equiv) was added diep. The reaction was stirred at 0 °C for
one hour, then at room temperature overnight. Thaune was quenched with,® and the
phases were separated. The aqueous phase wastegkiwdth three portions of DCM. The
combined organic phase was washed with 1 M H§lthen saturated NaHGQq, then brine,
then dried over MgS®© Solvent was removed and the residue was purified column
chromatography on silica gel with 10:1 hexane:Et@Adhe eluent. The product was obtained
as a colorless oil (760 mg, 84%) NMR (400 MHz, Chlorofornd) & 6.03 (d,J = 1.6 Hz, 1H),
5.41 (d,J = 1.6 Hz, 1H), 4.24 (¢J = 7.1 Hz, 2H), 1.32 (tJ = 7.1 Hz, 3H), 1.26 (s, 9H}*C
NMR (101 MHz, Chlorofornd) 6 176.8, 161.7, 145.3, 113.5, 61.8, 39.0, 26.7,.TALZ: R =
0.42 (10:1 hexane:EtOAc). HRMS (APCI-TORYz [M+H]" calcd for GoH;;0, 201.1121,
found 201.1130.
4.3.2. Ethyl 2-(naphthalen-2-yloxy)acrylate

A 25 mL RBF was charged with naphthalen-2-yl 2-ax@anoate (1.00 g, 4.67 mmol, 1
equiv), TsOH-HO (80 mg, 0.46 mmol, 0.1 equiv), and 12 mL of;Baunder N. The solution

was heated to reflux for 48 hours. The reaction e@ded to room temperature and quenched



with H,O. The reaction mixture was extracted three timgh wtOAc. The combined organic
phase was washed with water then brine and dried B&SO,. Solvent was removed and the
residue was purified via column chromatography iinasgel with 10:1 hexane:EtOAc as the
eluent. The product was obtained as a colorlesg9di6 mg, 77%)."H NMR (400 MHz,
Chloroformd): 6 7.87 (d, J = 8.3 Hz, 1H, overlap), 7.83 (ddd;, 12.9 ,8.3, 2.3 Hz, 2H, overlap),
7.62 (d, J = 2.3 Hz, 1H), 7.55 — 7.45 (m, 2H), 7-3B.21 (dd, J = 8.3, 2.3 Hz 1H, overlap), 6.32
(d,J = 2.0 Hz, 1H), 5.68 (d] = 2.0 Hz, 1H), 2.29 (s, 1H})*C NMR (101 MHz, CDCJ): § 169.2,
160.4, 148.1, 144.4, 133.8, 131.8, 129.7, 127.9,992126.8, 126.1, 120.8, 118.7, 115.6, 20.6.
TLC: R = 0.24 (10:1 hexane:EtOAc). HRMS (APCI-TORz [M+H]" calcd for GsH130s4
257.0808, found 257.0808.

4.4. Characterization

4.4.1. Ethyl 2-acetoxy-3-cyclohexylpropanoate (

'H NMR (400 MHz, Chloroformd): § 5.03 (dd,J = 9.5, 4.2 Hz, 1H), 4.19 (§,= 7.1 Hz, 2H),
2.14 (s, 3H), 1.84 — 1.59 (m, 7H), 1.51 — 1.36 {#), 1.27 (tJ = 7.1 Hz, 3H), 1.24 — 1.05 (m,
3H), 0.94 (m, 2H)¥*C NMR (101 MHz, Chlorofornd): 5 171.1, 170.8, 70.8, 61.4, 38.6, 34.0,
33.8, 32.4, 26.5, 26.3, 26.1, 20.9, 14.3. TR+ 0.33 (8:1 hexane:EtOAc). HRMS (APCI-TOF)
m/z: [M+H]" calcd for GaH,304 243.1591, found 243.1601.

4.4.2. Naphthalen-2-yl 2-acetoxy-4-methylpentan@@jte

'H NMR (400 MHz, Chloroforrd) & 7.86 (d, J = 8.3 Hz, 1H, overlap), 7.86 — 7.80d(dH=
12.4, 7.3, 2.3 Hz, 2H, overlap), 7.58 (d, J = 283 kH), 7.54 — 7.45 (m] = 12.4, 2.3 Hz, 2H),
7.26 — 7.24 (dd, J = 7.3, 2.3 Hz, 1H, overlap)75d,J = 9.5, 4.0 Hz, 1H), 2.20 (s, 3H), 2.07 —
1.79 (m, 3H), 1.05 (dd] = 12.5, 6.2 Hz, 6H)}3C NMR (101 MHz, CDGJ) 5 170.9, 169.8, 148.0,

133.8, 131.7, 129.7, 127.9, 127.8, 126.8, 126.0,9.2118.5, 71.4, 39.9, 24.9, 23.2, 21.8, 20.8.

10



TLC: R = 0.23 (8:1 hexane:EtOAc). HRMS (APCI-TOmJz [M+NH4]" calcd for GgH24NO4
318.1700, found 318.1711.

4.4.3. Ethyl 2-acetoxy-3-cyclopentylpropanodk (

H NMR (400 MHz, Chlorofornd) & 4.98 (dd,J = 8.7, 4.4 Hz, 1H), 4.20 (§,= 7.1 Hz, 2H),
2.14 (s, 3H), 2.13 — 1.84 (m, 2H), 1.85 — 1.76 2), 1.67 — 1.60 (m, 2H), 1.60 — 1.47 (m, 2H),
1.38 — 1.14 (t, J = 7.1 Hz, 3H), 1.19 — 1.07 (m),2H88 (m,J = 1.2 Hz, 1H)*C NMR (101
MHz, CDCk) § 170.8, 170.8, 72.4, 61.4, 37.3, 36.6, 33.0, 32543, 25.0, 20.9, 14.3. TLC: 0.27
R = 0.27 (20:1 hexane:EtOAc). HRMS (APCI-TORYz [M+Na]" calcd for G:HxoNaO,
251.1254, found 251.1263.

4.4.4. Ethyl 2-acetoxy-3-(1-tosylpiperidin-4-yl)panoate 1)

'H NMR (400 MHz, Chlorofornd): & 7.63 (d,J = 7.8 Hz, 2H), 7.31 (dJ = 7.8 Hz, 2H), 4.98
(dd,J = 8.9, 3.7 Hz, 1H), 4.17 (§,= 7.1 Hz, 2H), 3.77 (d] = 11.0 Hz, 2H), 2.43 (s, 3H), 2.21
(g, J = 10.3 Hz, 2H), 2.08 (s, 3H), 1.87 — 1.63 (m, 4HB4 (m, 3H), 1.24 (t) = 7.1 Hz, 3H).
13C NMR (101 MHz, Chlorofornd): § 170.5, 170.3, 143.6, 133.2, 129.7, 127.9, 70.%,616.4,
46.3, 37.2, 31.9, 31.8, 30.9, 21.7, 20.8, 14.2. TRG 0.33 (6:1 hexane:EtOAc). HRMS (APCI-
TOF) vz [M+H] " calcd for GoH2gNOgS 398.1632, found 398.1629.

4.4.5. Ethyl 2-acetoxy-5,5-dimethylhexanodg (

H NMR (400 MHz, Chlorofornd): & 4.97 — 4.89 (dd] = 6.5, 5.5 Hz 1H), 4.20 (qd,= 7.2, 3.1
Hz, 2H), 2.13 (s, 3H), 1.88 — 1.69 (m, 2H), 1.7, §t= 7.2, 3.1 Hz, 5H), 0.88 (s, 9HJC NMR
(101 MHz, Chloroformd): 6 170.8, 170.5, 73.1, 61.4, 39.1, 30.2, 29.3, 28073, 14.3. TLCR;

= 0.33 (10:1 hexane:EtOAc). HRMS (APCI-TOR)z [M+H]" calcd for G,H230, 231.1591,
found 231.1602.

4.4.6. Ethyl 2-acetoxy-5,5,5-trifluoropentanod@g (

11



'H NMR (400 MHz, Chlorofornd) & 5.04 (dd,J = 7.4, 4.2 Hz, 1H), 4.23 (d,= 7.1 Hz, 2H),
2.36 — 2.02 (m, 4H), 2.17 (s, 3H), 1.29& 7.1 Hz, 3H)!*C NMR (101 MHz, Chlorofornd) &
170.3, 169.3, 126.5 (d,= 276 Hz), 70.7, 61.9, 30.0 (4= 30 Hz), 24.0 (gJ = 3.3 Hz), 20.7,
14.2. TLC: R = 0.36 (10:1 hexane:EtOAc). HRMS (APCI-TORyz [M-H,0]" calcd for
CoH11F305224.0655, found 224.0648.

4.4.7. Ethyl 2-acetoxydecanoaf®)

'H NMR (400 MHz, Chloroformd) § 4.95 (t,J = 6.4 Hz, 1H), 4.20 (qd] = 7.1, 1.1 Hz, 2H),
2.13 (s, 3H), 1.85 — 1.74 (m, 2H), 1.41 (s, 2H271(t,J = 7.1 Hz, 13H), 0.87 (] = 6.7 Hz, 3H).
%C NMR (101 MHz, Chlorofornd) & 170.8, 170.6, 72.6, 61.4, 32.0, 31.2, 29.5, 22033, 25.2,
22.8, 20.8, 14.3, 14.2. TLGX = 0.50 (10:1 hexane:EtOAc). HRMS (APCI-TORjz [M+H]*
calcd for G4H2704 259.1904, found 259.1913.

4.4.8. Ethyl 2-acetoxy-8-chlorooctanoaté)(

H NMR (400 MHz, Chloroformd): & 4.96 (t,J = 6.4 Hz, 1H), 4.20 (q] = 7.1 Hz, 2H), 3.53 (t,
J=6.7 Hz, 2H), 2.13 (s, 3H), 1.85 — 1.73 (m, 4H%9 — 1.32 (m, 6H), 1.27 (,= 7.1 Hz, 3H).
13C NMR (101 MHz, Chlorofornd) § 170.7, 170.4, 72.4, 61.4, 45.1, 32.6, 31.1, 28657, 25.1,
20.8, 14.3. TLCR = 0.23 (10:1 hexane:EtOAc). HRMS (APCI-TOR)jz: [M+H]" calcd for
C12H2:ClO4 265.1207, found 265.1203.

4.4.9 Ethyl 2-acetoxy-4,4,5,5,6,6,6-heptafluorohexanoag (

H NMR (400 MHz, Chlorofornd) & 5.46 (dd,J = 8.5, 3.7 Hz, 1H), 4.25 (§,= 7.2 Hz, 2H),
2.85 - 2.59 (m, 2H), 2.16 (s, 3H), 1.30J& 7.1 Hz, 3H)**C NMR (101 MHz, Chlorofornd) 5
169.8, 168.3, 116.5 (m), 113.9 (m), 65.6, 62.5432.J = 21.7 Hz), 30.4, 20.6, 14.1. TL&; =
0.63 (20:1 hexane:EtOAc). HRMS (APCI-TORJz [(M+H)]" calcd for GoH1.F04 329.0624,

found 329.0635.

12



4.4.10. Ethyl 2-acetoxy-4,4-dimethylpentanodt®) (

H NMR (400 MHz, Chlorofornd) & 5.04 (dd,J = 9.2, 3.0 Hz, 1H), 4.18 (¢, = 7.1 Hz, 2H),
2.12 (s, 3H), 1.85 — 1.66 (m, 2H), 1.27J& 7.1 Hz, 3H), 0.96 (s, 9H}*C NMR (101 MHz,
Chloroformd) § **C NMR (101 MHz, Chlorofornd) 5 171.2, 170.7, 70.9, 61.5, 44.2, 30.6, 29.7,
20.9, 14.2. TLCR; = 0.33 (10:1 hexane:EtOAc). HRMS (APCI-TOm)z [M+Na]" calcd for
Ci11H20Na0, 239.1254, found 239.1262.

4.4.11. Ethyl 2-acetoxy-3-(adamantan-1-yl)propaadht)

H NMR (400 MHz, Chlorofornd) & 5.08 (dd,J = 9.4, 2.5 Hz, 1H), 4.18 (§,= 7.1 Hz, 2H),
2.12 (s, 3H), 2.07 — 1.89 (m, 3H), 1.83 — 1.44 {#H), 1.27 (tJ = 7.1 Hz, 3H)C NMR (101
MHz, CDCk) 6 171.5, 170.7, 69.5, 61.5, 45.0, 42.5, 37.0, 32847, 21.0, 14.3. TLCR = 0.25
(20:1 hexane:EtOAc). HRMS (APCI-TORVz [M-(H,0)+H]" calcd for GsH»303 251.1642,
found 251.1639.

4.4.12. 3-Cyclohexyl-1-ethoxy-1-oxopropan-2-yl pata (L5)

H NMR (400 MHz, Chlorofornd): § 5.00 (dd,J = 9.8, 4.2 Hz, 1H), 4.17 (qd,= 7.1, 5.3 Hz,
2H), 1.81 — 1.60 (m, 7H), 1.49 — 1.37 (m, 1H), 1-32.25 (m, 4H), 1.24 (s, 9H), 1.23 — 1.12 (m,
2H), 1.04 — 0.85 (m, 2H}*C NMR (101 MHz, Chlorofornd): & 178.2, 171.1, 70.5, 61.3, 38.8,
38.4, 34.3, 33.8, 32.3, 27.2, 26.5, 26.4, 26.23.18LC: R; = 0.31 (20:1 hexane:EtOAc). HRMS
(APCI-TOF)m/z [M+H] " calcd for GgH2904 285.2060, found 285.2069.

4.4.13. Ethyl 3-cyclohexyl-2-methoxypropanoaté)(

'H NMR (400 MHz, Chlorofornd): & 4.22 (qq,J = 7.3, 3.7 Hz, 2H), 3.80 (dd,= 9.0, 4.2 Hz,
1H), 3.37 (s, 3H), 1.77 — 1.60 (m, 5H), 1.58 — (@0 3H), 1.29 (tJ = 7.1 Hz, 3H), 1.27 — 1.06

(m, 3H), 1.01 — 0.80 (m, 2H}’C NMR (101 MHz, Chlorofornd): 5 173.5, 78.9, 60.9, 58.2,
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40.6, 33.9, 32.7, 26.6, 26.4, 26.2, 14.4. TIEg= 0.18 (20:1 hexane:EtOAc). HRMS (APCI-
TOF)m/z. [M+Na]" calcd for GoH2,Na0;237.1467, found 237.1461.

4.4.14 Naphthalen-2-yl 2-acetoxy-3-cyclohexylpropanodfd (

'H NMR (400 MHz, Chloroformd): & 7.90 — 7.74 (m, 3H), 7.57 (d= 2.1 Hz, 1H), 7.48 (ddd,
=7.2,5.0, 1.6 Hz, 2H), 7.23 (ddi= 8.9, 2.1 Hz, 1H), 5.29 (dd,= 9.4, 4.5 Hz, 1H), 2.20 (s, 3H),
2.04 — 1.65 (m, 7H), 1.63 — 1.57 (m, 1H), 1.39 +41(m, 3H), 1.13 — 0.95 (m, 2HY*C NMR
(101 MHz, Chloroformd): 6 171.0, 169.9, 148.1, 133.8, 131.7, 129.7, 1229,8, 126.8, 126.0,
120.9, 118.5, 70.9, 38.6, 34.2, 33.8, 32.5, 2664,226.2, 20.9. TLCR = 0.30 (10:1
hexane:EtOAc). HRMS (APCI-TORWVz [M+H]" calcd for G1H2504 341.1747, found 341.1747.
4.4.15. [1,1'-Bi(cyclohexan)]-3-oné&g)

H NMR (400 MHz, Chlorofornd): § 2.42 — 2.29 (m, 2H), 2.29 — 2.16 (m, 1H), 2.08 &,12.9
Hz, 2H), 1.94 — 1.80 (m, 1H), 1.80 — 1.49 (m, 7HR7 (qd,J = 12.6, 3.5 Hz, 1H), 1.29 — 1.04
(m, 4H), 1.01 — 0.90 (m, 2H}3C NMR (101 MHz, Chlorofornd): 5 212.9, 45.7, 44.8, 42.8,
41.7, 30.1, 30.0, 28.6, 26.7, 26.7, 26.7, 25.8. TRC= 0.36 (20:1 hexane:EtOAc). HRMS
(APCI-TOF)m/z. [M+H]" calcd for GoH»:0 181.1592, found 181.1587.

4.4.16. Benzyl 3-cyclohexylpropanoal®)

H NMR (400 MHz, Chlorofornd): § 7.46 — 7.28 (m, 5H), 5.11 (s, 2H), 2.44 — 2.32 i),
1.74 — 1.59 (m, 5H), 1.58 — 1.49 (m, 2H), 1.32 061(m, 4H), 1.00 — 0.77 (m, 2HYC NMR
(101 MHz, Chloroformd): 6 174.1, 136.3, 128.7, 128.3, 128.3, 66.2, 37.3,,3&.5, 32.1, 26.7,
26.4. TLC: R = 0.38 (20:1 hexane:EtOAc). HRMS (APCI-TORyz [M+Na]" calcd for
Ci6H22NaG, 269.1512, found 269. 1518.

4.4.17. Dimethyl 2-cyclohexylsuccinat2?)
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'H NMR (400 MHz, Chlorofornd): & 3.69 (s, 3H), 3.65 (s, 3H), 2.79 — 2.65 (m, 2H35dt,J
=13.5, 8.9 Hz, 1H), 1.73 (br d= 13.5 Hz, 2H), 1.62 (br 8= 13.5 Hz, 4H), 1.34 — 0.92 (m,
5H). 3C NMR (101 MHz, Chlorofornd): § 175.1, 173.1, 51.9, 51.7, 47.1, 40.1, 33.4, 38083,
26.4, 26.3. TLCR; = 0.29 (10:1 hexane:EtOAc). HRMS (APCI-TQR): [M+Na]" calcd for

CioHooNaO, 251.1254, found 251.1246.
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