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General Considerations. Al reactions and nmani pul ations with
air- and/or water-sensitive conpounds were carried out under dry
nitrogen using a drybox or standard Schlenk |ine techniques. NWR
spectra were recorded on a Bruker AF-300 ('H, 300 MHz; *C, 75
MHz) spectroneter, and referenced versus shifts of solvents
containing residual protic inpurities. Tetrahydrofuran, toluene,
benzene, triglyme, 1,2-dinethoxyethane and hexanes were distilled
from sodi unf benzophenone under nitrogen. Methylene chloride was
distilled from CaH, under nitrogen. [Cp,Ti(CO,], [Co,(CO, and
[ Cp,Co] were purchased from Strem Chem cals Inc. Propylene oxide
(Al drich), i sobutyl ene oxi de (Al drich), 1, 2- epoxybut ane
(Al drich), 1, 2- epoxy- 5- hexene (Lancaster), epi chl or ohydrin
(Aldrich) and, cis- / trans-2, 3-epoxybutanes (Al drich, Lancaster)
were purchased and distilled over CaH, under nitrogen atnosphere.
(R) -Propylene oxide was resolved from its racem c counterpart
using Jacobsen’s procedure in >98% ee.'” [NaCo(CO,],"
[PPh][Co(CO ], [Cp,Col[Co(CO ],  [Cp,Ti (THF),][Co(CO) ], "
[ (sal ph) Al (THF),] [ Co(CO),], "™ and ci s-1-benzyl-2-(tert-

[8]

but yl di net hyl si | yl oxy) met hyl - 3- met hyl - azi ri di ne were prepared

accordi ng to literature pr ocedur es. 4- Met hyl - 1- benzyl -

azetidinone,'" ®  4-npethyl-1-tosyl-2-azetidinone,™ trans-(7-
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[10]

benzyl - 7- azabi cycl o[ 4. 2. 0. ] oct ane- 8- one), ci s-1-benzyl-4-(tert-
but yl di met hyl si | yl oxymet hyl ) -3-met hyl azetidinone,'® and cis-1-
benzyl - 3-(tert-butyl di met hyl silyl oxynet hyl) - 4-met hyl

azetidi none'™ were identified based on literature data.

2-Methyl -1-tosyl-aziridine. 2-Methylaziridine (3.6 m, 51
nmmol ) was added to a 10% aqueous KOH solution (30 ml) and cool ed
in an ice bath for 30 min. To this solution p-toluenesulfony
chloride (9.9 g, 52 mmol) was added rapidly while maintaining the
tenperature below 4 «C. The resulting m xture was stirred for 30
mn at O «C, then stirred at room tenperature overnight. The
white precipitate was washed multiple tines with cold water and
dried under vacuum The washed product was dissolved in hot
petrol eum ether and allowed to crystallize at 0 +C, yielding
colorless crystals (6.3 g, 57 %yield).

'"H NMR (CDCl,, 300 MHz): & 1.26 (3H, d, J =6.0), 2.02 (1H, d, J =
4.5 Hz), 2.44 (3H, s), 2.58 (1H, d, J = 6.9 Hz), 2.82 (1H m),
7.31 (2H, d, J =8.1 Hz), 7.80 (2H, d, J = 8.1 Hz).'"™

Synt hesi s of 7-benzyl -7-azabicycl o[ 4. 1. 0] hept ane.

a) Synthesis of 2-Benzyl am no-cycl ohexanol. To a sol ution of
cycl ohexene oxide (5 g, 51 nmmol) in 10 m CHCN, anhydrous LiCd Q,
(5.44 g, 51 mmol) was added and stirred wuntil conplete
di ssolution of the salt. The resulting solution was treated with
the required anpunt of benzylamne (5.5 g, 51 mol) at room
tenperature with stirring. The reaction mxture was then stirred

for 24 h at roomtenperature. At the end of the reaction, 100 ni



Mahadevan, et al. Supporting Information, Page S3

water was added and the solution stirred for 30 mn, extracted
into diethyl ether (3 x 25) and finally crystallized from hot
hexanes. (5.0 g, 50 %yield).
'"H NMR (CDO,, 300 MHz): & 0.93-1.10 (1H, nj), 1.18-1.33 (4H ),
1.71 (2H, m), 2.05 (1H n), 2.15 (1H, m, 2.31 (1H n), 3.20 (1H,
n, 3.35 (1H, br), 3.68 (1H d, J = 12.9 Hz), 3.95 (1H, d, J =
13.0 Hz), 7.23-7.35 (5H, m.!™

b) Cyclization of 2- Benzyl am no- cycl ohexanol . Di et hyl
azodi car boxylate (Aldrich, 95 % 3.6 m, 22.6 mvl) was slowy
added to a THF solution (50 m) of 2-benzylam no-cycl ohexanol
(3.1 g, 15 mmol) and PPh, (5.94 g, 22.6 mmol) wunder N, wth
stirring, in an ice-bath. After addition, the ice bath was
removed, and the mxture stirred at room tenperature for 36 h.
The resulting crystalline precipitate was filtered and the
solvent renoved fromthe filtrate by rotary evaporation to yield
the crude product, which was purified by colum chromatography
(petroleumether:diethyl ether = 95:5) (2.1 g, 75 %yield).
'"H NMR (CDO,, 300 MHz): & 1.31 (4H, n), 1.63 (2H n), 1.83 (4H,
m, 3.48 (2H, s), 7.31 (5H, m."

CGener al procedure for the catalytic carbonylation of
epoxides. A 100 ml Parr reactor was heated at 90 °C overnight,
under vacuum In a dry-box, the reactor equipped with a test-tube
and nmagnetic stir bar were cooled in a -35 °C freezer for at
| east 2 h. The test-tube was charged with pre-cooled (-35 <O
epoxi des or aziridines (1.92 mmol), catalyst (0.096 nmmol) and 0.5

mL. DME. Upon renoval from a dry-box the reactor was pressured



Mahadevan, et al. Supporting Information, Page $S4

with carbon nonoxi de (Mtheson, Research G ade) and heated with
stirring for the anmpunt of tine indicated, such that the final
pressure of CO was ~900 psi. After the reaction tinme, the reactor
was cooled in a bath of dry icel/acetone until the pressure
reached a m ninmum and then slowy vented. The resulting reaction

m xture was anal yzed by ‘H NWVR

Identification of the regiochem stry of the | actone products
derived fromcis- and trans-2, 3- epoxybut anes.

Trans- 2, 3- epoxybut ane was subjected to 900 psi CO at 60°C
for 10 hours in the presence of 5 nol %catal yst 1, which yiel ded
| actone A. Cis-2,3-epoxybutane under simlar conditions gave
| act one B.

Lactone A was distilled under vacuum after the renoval of
DME. The distillate was placed in a small, thick walled Pyrex
tube equipped with an air-free valve and a 24/40 joint. This
flask was frozen in liquid nitrogen, evacuated and heated to
175°C in an oil bath. After two hours the flask was cooled in an
ice-bath and the volatiles transferred to a pre-cooled (liquid
N) NVR tube charged with CDO,. “C NWR spectra showed excl usively
cis-2-butene. Lactone A was thus identified as cis-3,4-
di mret hyl oxetan-2-one. Simlarly, B was identified as trans-3, 4-

di net hyl oxet an- 2- one.

G s- 3, 4-di met hyl oxet an- 2-one (Lactone A): 'H NMR (CDCl,, 300 MHz):

60 1.26 (3H d, J = 7.5 Hz), 1.44 (3H, d, J = 6.6 Hz), 3.74 (1H,
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m, 4.75 (1H m. “C NMR (CDCl,, 75 Miz): & 8.24, 15.45, 47.45,

71.90, 172.76.

Trans- 3, 4- di met hyl oxet an-2-one (Lactone B): 'H NWR (CDd, 300
MHz): & 1.39 (3H, d, J = 7.5 Hz), 1.55 (3H, d, J = 6.6 Hz), 3.22

(1H, m, 4.35 (1H, m. “C NWR (CDC, 75 Miz): & 12.53, 20.20

52.38, 76.34, 172.10.

Cis-2-butene: 'H NMR (CDCl,, 300 MHz): & 1.65 (6H, m, 5.45 (2H,

m. “C NVR (CDO, 75 MHz): 3 12.35, 124.70.

Trans-2-butene: ‘H NMR (CDO,, 300 MHz): & 1.65 (6H, n), 5.45 (2H

m. “C NWVR (CDO, 75 MHz): & 18.05, 126.05.
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