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General Considerations. All reagents were purchased from commercial suppliers and 

used without purification. Unless otherwise noted, all operations were conducted under an 

inert atmosphere using anhydrous solvents that were obtained by passing commercial 

grade solvent through a column of activated neutral alumina in a Dow-Grubbs solvent 

system from Pure Process Technology (Nashua, NH). All 1H, 13C, and 29Si NMR were 

collected on a Bruker Ascend III HD 500 MHz NMR instrument equipped with prodigy 

probe and shifts are reported relative to residual solvent peak (of CDCl3).  FTIR spectra 

were acquired using an Aglient Cary 630 FTIR in ATR mode. GPC spectra were acquired 

with a differential refractive index detector (Optilab T-rEx, Wyatt Technology Corporation) 

and an 18-angle static light scattering detector (Dawn Heleos II, Wyatt Technology 

Corporation) in THF or CHCl3 at a flow rate of 1.0 mL/min. ESI spectra were obtained on 
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THERMO Finnigan LCQ Advantage (or DECA) ion trap mass spectrometer equipped with an 

external AP ESI ion source. Thermogravimentric analysis (TGA) was performed on a TA 

Instruments Q500, set at 3 C min-1 under nitrogen gas. Differential Scanning Calorimetry 

(DSC) was performed using a TA instruments Q100; the temperature was first equilibrated 

at 40 C then tramped from -50 C at 10 C min-1. 

Materials Preparation

Preparation of 2-bromo-1-tert-butoxy-1-ethoxyethane (2).1 An oven-dried round 

bottom flask with a magnetic stir bar was charged with ethyl vinyl ether (3.6 g, 0.05 mol) 

and dry CH2Cl2 (15 mL) and placed under an inert atmosphere of nitrogen, then cooled to -

78 C using a dry ice/acetone bath. Bromine (2.6 mL, 0.05 mol) was then added dropwise 

until persistent colouration was reached. The solution was then decolourized with the 

addition of ethyl vinyl ether dropwise. An attached addition funnel was loaded with a 

solution of triethyl amine (8.3 mL, 0.056 mol) and tert-butanol (8.6 mL, 0.056 mol), and 

this solution was added dropwise over ~20 minutes.  After complete addition, dry CH2Cl2 

(15 mL) was added to the solution and the round bottom flask was allowed to warm to 0 C 

by transfer to an ice water bath.  After approximately 15 minutes at 0 C, the mixture was 

exposed to atmosphere and poured into ice water (20 mL), and the mixture then 

transferred to a separation funnel.  The organic layer was isolated and the aqueous layer 

was washed with CH2Cl2 (1 x 50 mL), then the organic layers were combined and washed 

with an aqueous solution of HCl (0.05 N, 2 x 7 mL) and an aqueous solution of NaHCO3 
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(saturated, 1 x 14 mL), then dried over MgSO4. After filtration and removal of solvent under 

reduced pressure, the title compound was obtained by vacuum distillation as a clear oil 

(70%, 7 g). 1H NMR (400 MHz, CDCl3) δ 4.81 (t, J = 5.5 Hz, 1H), 3.53 (q, J = 7.0 Hz, 2H), 3.34 

(dd, J = 10.5, 5.7 Hz, 1H), 3.24 (dd, J = 10.5, 5.4 Hz, 1H), 1.23 (s, 9H), 1.17 (t, J = 7.0 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 96.25, 75.02, 59.86, 33.43, 28.80, 15.47.

Preparation of (Z)-1-bromo-2-tert-butoxylethene (3)1: An oven-dried round bottom 

flask was charged with a magnetic stir bar and PCl5 (18.5 g, 0.089 mol), then dry CH2Cl2 (74 

mL) was added and the reaction mixture was placed under an inert nitrogen environment, 

and cooled to 0 C in an ice-water bath. The flask was equipped with an addition funnel 

loaded with a solution of compound 2 (16.6 g, 0.074 mol) in CH2Cl2 (37 mL) which was 

added dropwise over the course of ~30 minutes. The reaction mixture was stirred at 0 C 

for 45 minutes or until full consumption of 2 was observed (by TLC in Hex: EA, 9.9:0.1), 

after which triethyl amine (51 mL, 0.37 mol) was added dropwise. The reaction mixture 

was stirred for 35 minutes at 0 C, then warmed to room temperature and finally heated to 

reflux for 2 hours. This reaction mixture was then carefully poured onto crushed ice (~80 

g) and the entire mixture was transferred to a separatory funnel and the organic layer was 

isolated. The aqueous layer was washed with CH2Cl2 (2 x 30 mL) and the combined organic 

phases were washed with aqueous HCl (0.5 N, 2 x 35 mL) and saturated aqueous NaHCO3 

(2 x 35 mL), then dried over MgSO4. The solution was filtered and the solvent removed 

under reduced pressure; the title compound was obtained by vacuum distillation as a 
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transparent oil (75%, 10.1 g). 1H NMR (400 MHz, CDCl3) δ 6.75 (d, J = 4.2 Hz, 1H), 5.08 (d, J 

= 4.2 Hz, 1H), 1.30 (s, 9H). 13C NMR (101 MHz, CDCl3) δ 142.28, 83.10, 78.15, 28.27.

Preparation of Triisopropylsilylketene (TIPS ketene, 1)2. A solution of LDA in THF (2.0 

M, 48 mL, 0.096 mol LDA) was added to dry THF (48 mL) in an oven-dried round bottom 

flask which was cooled to -78 C in a dry ice/acetone bath and placed under N2. A mixture 

of compound 3 (7.08 g, 0.04 moL) and dry THF (16 mL) was then prepared in an attached 

addition funnel and added dropwise to the solution of LDA. After addition, the reaction 

mixture was allowed to warm to room temperature and stirred for 3 hours. The reaction 

vessel was cooled to about -20 C using a salt water ice bath and triisopropylsilyl chloride 

(10.2 mL, 0.048 mol) was then added and the resulting solution was again warmed to room 

temperature and stirred for 4 hours. The mixture was then transferred to a separation 

funnel containing an aqueous solution of saturated NaHCO3 (80 mL).  The resulting organic 

layer was isolated and the aqueous layer washed with hexane (2 x 20 mL). The organic 

layers were combined and washed with an aqueous HCl soluiton (5 N, 2 x 80 mL), water (1 

x 120 mL) and an aqueous solution of saturated NaCl (1 x 120 mL); the organic phase was 

then dried over Na2SO4 overnight, then filtered and the solvent removed under reduced 

pressure. The isolated crude product 4 was then run through a plug column of silica gel, 

with eluent of 2.5 vol% NEt3 in hexanes. A pale yellow oil was obtained and then heated to 

90 C for ~2 hours under nitrogen gas (or until disappearance of the alkyne stretching 

frequency in the FTIR spectrum). The title compound 1 was isolated by vacuum distillation 
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(58%, 4.6 g, 0.023 mol).1H NMR (500 MHz, CDCl3) δ 1.66(s, 1H), 1.08~1.03(m, 21H). 13C 

NMR (101 MHz, CDCl3) δ 179.32, 18.66, 12.36, -6.97. 29Si NMR (99 MHz, CDCl3) δ 10.69.

Preparation of tButyl triisopropylsilylacetate (5). A solution of tBuOK in THF (3 mL, 

0.003 mol) was loaded into an oven dried round bottom flask equipped with a magnetic 

stire bar, which was placed under nitrogen gas and cooled to -78 C using a dry ice/acetone 

mixture.  A mixture of THF (2 mL) and TIPS ketene (0.5 g, 0.0025 mol) was then added. 

After the addition was complete, the mixture was kept at -78 C for one minute and then 

poured into an aqueous solution of saturated NaHCO3 (15 mL). The aqueous phase was 

extracted with hexanes (2 x 20 mL). The combined organic phases were washed with 

aqueous HCl (5 N, 2 x 4 mL) and dried over Na2SO4 for 30 minutes. After filtration, the 

solvent was removed under reduced pressure and the residue was loaded onto a silica gel 

column using an eluent of hexanes:ethyl acetate (15:1) to obtained the final product as 

transparent light yellow oil (44%, 0.3 g, 0.001 mol). 1H NMR (500 MHz, CDCl3) δ 1.81 (s, 

2H), 1.40 (s, 9H), 1.08~1.02 (m, 21H). 13C NMR (126 MHz, CDCl3) δ 173.54, 28.54, 20.73, 

18.80, 11.65.  29Si NMR (99 MHz, CDCl3) δ 7.95.

Polymerization of TIPS ketene by tBuOM. A solution of alkoxide in THF was added to an 

oven dried round bottom flask and placed under nitrogen; then, the desired amount of TIPS 

ketene was added and the reaction was heated to the desired temperature. At different 

time points, an aliquot of the reaction was removed using a gas tight syringe and this 

solution was directly loaded onto ATR-FTIR to determine the extent of monomer 
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consumption.  At the desired extent of reaction, the crude mixture was quenched by adding 

the reaction mixture into methanol, which led to a yellow-orange precipitate. The product 

was obtained after centrifuging for 10 minutes (5,000 rpm) and isolation of the pellet.

To determine the percent conversion, the following relationship was used, using values for 

the area of integration under the peaks in FTIR spectra. 

Equation 1: Convert Btx to a standard of Atx with respect to At0

𝑆𝐵𝑡𝑥 =
𝐵𝑡0𝐴𝑡0

𝐴𝑡𝑥

Equation 2: Determine % conversion using the area of A and B at tx compared to t0.

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝐶𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 =  [1 ‒  (𝑆𝐵𝑡𝑥

𝐵𝑡0
)] 𝑥 100
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Figure S1: Characterization of Compound 2: A) 1H NMR; B) 13C NMR.  NMR spectra were 
collected in CDCl3

A)

B)
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Figure S2: Characterization of Compound 3: A) 1H NMR; B) 13C NMR.  NMR spectra were 
collected in CDCl3.

A)

B)
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Figure S3: Characterization of Compound 1: A) 1H NMR; B) 13C NMR; C) 29Si NMR; D) 
FTIR; E) Gas chromotograph; F) Mass spectrum from GC-MS. 

A)

B)
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Figure S4: Characterization of Compound 5: A) 1H NMR; B) 13C NMR; C) 29Si NMR; D) 
FTIR; E) Gas chromotograph; F) Mass spectrum from GC-MS.
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Figure S5: Characterization of the products isolated from the polymerizaiton of TIPS 

ketene with tBuOK and tBuONa (20:1 M:I, at further extent of reaction): A) 1H NMR; B) 13C 

NMR; C) FTIR.

A)

B)
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Figure S6: Characterization of tButyl triisopropylacetic acid obtained from the attempted 
polymerization of TIPS ketene with tBuOLi.  A) 1H NMR; B) 13C NMR; C)29Si NMR; D) ESI-MS. 

A) 
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Figure S7: Characterization of the product of the attempted polymerization of TIPS ketene 
initiated by tBuOLi. A) 1H NMR; B) 13C NMR; C)29Si NMR; D) FTIR; E) ESI-MS. 
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Figure S8. Measurement of the dn/dc of the polymer initiated by tBuOK A) in CHCl3; B) in 
THF; Measurement of the dn/dc of the polymer initiated by tBuONa (C) in CHCl3.
Polymer dn/dc values were measured using the OptiLab T-rEx RI detector and Astra 
software dn/dc template in a batch mode. Six solutions of polymer in CHCl3 with precisely 
known concentrations (0.1 mg/mL to 2 mg/mL) were prepared by diluting a stock solution 
using volumetric flasks, and injected to the RI detector using a syringe pump. The dn/dc 
value was determined from the linear fit to a plot of differential RI versus concentration.

A) 

B)
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dn/dc = 0.1077 ± 0.0024 mL/g

dn/dc = 0.0582 ± 0.0011 mL/g



C)
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Figure S9. GPC traces of product of the polymerization of TIPS ketene initiated by tBuOK 
with M:I=20:1: A) RI traces at different time points; B) MALS traces at different time points.

A)

B)

 

25



Figure S10. GPC traces of product of the polymerization of TIPS ketene initiated by tBuOK 

at 40:1 and 100:1 M:I: A) RI traces; B) MALS traces.

A)

B)
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Figure S11. GPC for polymers initiated by tBuONa with M:I=20:1 using A) RI detector B) 

MALS detector. 

A)

B)
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Figure S12. FTIR spectra of the reaction of TIPS ketene with tBuOK in THF at different time 

points at A) 30oC; B) 40oC.

A)

B)
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Figure S13 FTIR spectra of the reaction of TIPS ketene with tBuONa in THF at different 

time points at A) 40oC; B) 60oC.

A)

B)
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Computationally predicted reaction pathways

Figure S14. Predicted reaction pathways for different dielectric environments (e.g., in 

DMF, diethyl ether, dioxane, and vacuum, see Table 2 for an overview of resulting 

preferences for thermodynamic and kinetic products). 
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Figure S15. Thermal characterization of polymer from Entry 12 of Table 1 in the 
manuscript A) thermogravimentric weight loss profile; B) differential scanning calorimetry 
isotherm (three heating and cooling cycles). 
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Figure S16. Characterization of the products isolated from the polymerizaiton of TIPS 

ketene: A) 1H NMR; B) 13C NMR of the products initiated by tBuOK (20:1) at 30°C and 40°C.

A)

B)
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Figure S17. Characterization of the products isolated from the polymerizaiton of TIPS 
ketene: A) 1H NMR; B) 13C NMR of the products initiated by tBuONa (20:1) at 40°C and 60°C

A)
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B)
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Figure S18. FTIR of A) polymer initiated by tBuOK at 30°C (black trace) and 40°C (red 
trace); B) polymer initiated by tBuONa at 40°C (black trace) and 60°C (red trace)

A)
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B)
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Figure S19. GPC traces of product of the polymerization of TIPS ketene initiated by tBuOK 
with M:I=20:1 at 30°C(black trace) and 40°C (red trace): A) RI traces; B) MALS traces.

A)

B)
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Figure S20. GPC traces of product of the polymerization of TIPS ketene initiated by tBuONa 
with M:I=20:1 at 40°C(black trace) and 60°C (red trace): A) RI traces; B) MALS traces.

A)

B)
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