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Abstract
● The advancement of transition metal-catalyzed cross- coupling reactions has significantly 

impacted the approach to synthesizing complex organic molecules. Numerous methods 
now exist for forming C(sp2)-C(sp2) bonds, with recent efforts focused on utilizing 
C(sp3) electrophiles and nucleophiles. However, incorporating secondary and tertiary 
alkyl nucleophiles into cross-coupling reactions has been challenging due to the tendency 
of these alkyl groups to undergo isomerization during the reaction.

● The goal of this study is to expand the utility of Pd- catalyzed stereospecific Stille 
cross-coupling reactions developed in the Biscoe lab, while gaining laboratory skills 
necessary for future extensions of this chemistry. The experiments focused on preparation 
of cross-coupling products via a stereoretentive reaction mechanism.



Introduction
● Cross-coupling reactions occur when two reagents, both with 

activating groups, react together with a metal catalyst to form a 
new covalent bond, driven by loss of the activating groups. 

● Classical cross-coupling reactions are named based on the type of 
nucleophile used. 

● The Stille coupling uses organostannane as a nucleophile in the 
transmetalation step. The tin is usually bound to allyl, alkenyl, or 
aryl groups. During transmetallation, the tin and the R’ group 
will form a four-member ring with the palladium center and the 
halide, forming an 18-electron transition state. Then the tin 
halide will leave and the R’ group stays bonded to palladium.



Method
● The 2° alkyl mesylate

● Carbastannatranyl lithium solution and preparing the enantioenriched and 
racemic alkyl carbastannatrane via carbastannatranyl anion



● Preparing the cross-coupling reactions with aryl electrophiles

Method



● Overall, after the cross-coupling reaction
○ There was 75% yield for the racemic reaction. 
○ For the chiral retention reaction there was 80% yield and 95% ee. 

Results

Proton (1H) NMR Carbon (13C) NMR



● Overall, data from the previous study was able to successfully reproduced. The ligand 
JackiePhos was used to ensure that the reaction was retention, enantioenriched 
products retained the stereochemistry. Furthermore, NMR data was compared to the 
data reported on the literature, to further support the data. The next part of the 
experiment is to focus on the inversion, where the stereochemistry is inverted. 
Although, the research is not yet complete a new ligand MaPhos would ensure that the 
reaction is inversion. Another approach is to use ortho addition electrophiles.

Conclusion
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Significance
● Enantiomers - Same chemical formula but exists in two forms that are mirror 

images of one another 

● Each enantiomer may serve different purpose 

○ Thalidomide

● Preserves Stereochemistry 



Method
1. Cross-coupling reaction

- when two fragments are joined together 
with the aid of a metal catalyst

2. Acyl Chain 

- R-CO
3. Combine electrophile, nucleophile, Jackie 

Phos Ligand, Lindlar catalyst (or Lindlar′s 
Palladium), CuCl, KF and appropriate 
solvent (Acetonitrile) 

4. Use GC, NMR to confirm the product and 
HPLC to confirm the enantiomer



Method 
Preparation of 2° alkyl mesylate:

General procedure A for the preparation of racemic alkylcarbastannatrane via 
carbastannatranyl anion:

General procedure B for the preparation of enantioenriched alkylcarbastannatrane 
via carbastannatranyl anion:

General procedure C for arylation/acylation cross-coupling reactions with organic 
electrophiles:

Pd(dba)2 (5 mol %, 2.9 mg for 0.1 mmol scale), JackiePhos (10 mol %, 8 mg for 
0.1 mmol scale), CuCl (2 equiv, 20 mg for 0.1 mmol scale) and KF (2 equiv, 11.6 
mg for 0.1 mmol scale, NO KF for acylation reaction) were weighed out on the 
benchtop, and transferred to an oven- dried screwtop vial with stir bar. With stirring 
begun, the sealed vial was evacuated (50 mTorr) and backfilled three times with 
argon using a needle attached to a vacuum manifold. The tin reagent (1.2 equiv) and 
cross-coupling electrophile (1 equiv) were then added to the screw-top vial via 
microsyringe, followed by degassed CH3CN (0.3 mL for 0.1 mmol scale). If the 
electrophile or the tin reagent was a solid, it was weighed out on the benchtop 
alongside the other solids. The vial was then heated to 60 °C for 6-12 h. The 
reaction mixture was cooled to rt, diluted with ether or hexane, and washed 
sequentially with saturated aqueous KF and brine. The organics were combined and 
dried over Na2SO4. The solution was filtered and concentrated to provide the crude 
product. The crude product was purified by column chromatography



Figure S15. 6-(6-Methyl-5-hepten-2-yl)-2H-1,4-benzoxazin-3(4H)-one (14f). General procedure C was 
employed using 5-(6-methyl-5-hepten-2-yl)-1-aza-5- stannabicyclo[3.3.3]undecane and 
4-bromo-2H-1,4-benzoxazin-3(4H)-one on a 0.1 mmol scale. A white crystalline solid was obtained 
(19.5 mg, 90% yield) after column chromatography (0% to 25% ethyl acetate in DCM). The 
enantioenriched product was obtained using (S)-5-(6-methyl- 
5-hepten-2-yl)-1-aza-5-stannabicyclo[3.3.3]undecane. 1H NMR (300 MHz, CDCl3) δ: 8.25 (s, 1H), 6.89 
(d, J = 8.4 Hz, 1H), 6.79 (d, J = 6.3 Hz, 1H), 6.60 (d, J = 2.0 Hz, 1H), 5.07 (m, 1H), 4.60 (s, 2H), 2.63 
(m, 1H), 1.86 (m, 2H), 1.57 (t, J = 7.5 Hz, 2H), 1.52 (s, 3H), 1.19 (d, J = 6.9 Hz, 3H) ppm. 13C NMR (75 
MHz, CDCl3) δ: 166.1, 142.8, 141.8, 131.8, 126.0, 124.4, 122.8, 116.7, 114.5, 67.5, 39.0, 38.5, 26.1, 
25.9, 22.6, 17.8 ppm.


