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PREPARATION OF 4-SPIROCYCLOHEXYLOXAZOLIDINONE
BY C-H BOND NITRENE INSERTION
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1. Procedure

A. Rhodium 11 tetrakis(triphenylacetate) dimer (2). To a 250-mL, one-
necked, round-bottomed flask equipped with a magnetic stirring bar, a short-
path distillation apparatus and a 100-mL receiving bulb (Note 1) is added
rhodium (I1) acetate dimer (1.26 g, 2.85 mmol) (Note 2), triphenylacetic acid
(1) (6.55 g, 22.7 mmol, 8.0 equiv) (Note 3) and chlorobenzene (120 mL)
(Note 3). The mixture is heated with an oil bath that is set to a temperature at
which the solvent distills at a rate of 10 mL/hour (approximately 155 °C)
(Note 4). The green mixture becomes homogeneous upon heating. After 7 h,
the reaction is cooled to 25 °C and the residual solvent is concentrated at 65
°C by rotary evaporation (20-25 mmHg) and then at 0.5 mmHg. The solid
residue is dissolved in 200 mL of dichloromethane. The solution is washed
with saturated aqueous sodium bicarbonate (3 x 200 mL), saturated aqueous
sodium chloride (100 mL), dried over magnesium sulfate (15 g), filtered and
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concentrated at 40 °C by rotary evaporation (225 mmHg) and then at 0.5
mmHg. To the green solid, methanol (40 mL) is added and the residue is
stirred in a 35 °C water bath (Note 5). After 5 minutes, dichloromethane is
added portion wise with stirring and heating in a 35 °C water bath until the
solid is completely dissolved (approximately 200 mL of DCM). The solution
Is left to rest at -19 °C for 72 h. The crystals are collected by suction
filtration on a fritted glass funnel and dried at 0.5 mmHg to afford 3.01 g
(78% yield) of the desired product (Notes 6 and 7).

B. Cyclohexylmethyl N-hydroxycarbamate (4). A 500-mL, one-
necked, round-bottomed flask equipped with a magnetic stirring bar and a
50-mL pressure-equalizing addition funnel fitted with a nitrogen inlet is
flame-dried and maintained under nitrogen atmosphere. The flask is quickly
opened to add 1,1’-carbonyldiimidazole (17.0 g, 105 mmol, 1.05 equiv)
(Notes 8 and 9) followed by acetonitrile (200 mL) (Note 10) via cannula.
The white suspension is cooled with an ice bath and cyclohexanemethanol
(3) (12.3 mL, 100 mmol) (Note 11) is transferred to the addition funnel
using a syringe. Cyclohexanemethanol (3) is added dropwise over a 30-
minute time period. Addition of the alcohol results in the suspension
becoming a homogeneous solution. The addition funnel is rinsed with
acetonitrile (10 mL) and the solution is stirred in the ice bath for 1 h. The
reaction of cyclohexanemethanol 3 (Rf = 0.63 in 30% EtOAc/DCM) with
1,1’-carbonyldiimidazole to give a carbonylated intermediate (Rf = 0.59 in
30% EtOAc/DCM) can be followed by TLC analysis using a potassium
permanganate solution for visualization. Continued stirring does not improve
the conversion as the intermediate can be hydrolyzed and the starting alcohol
recovered. The solution is then warmed to ambient temperature. To the
solution is then added hydroxylamine hydrochloride (20.9 g, 300 mmol, 3.0
equiv) (Note 12) followed by imidazole (13.6 g, 200 mmol, 2.0 equiv) (Note
12) and vigorous stirring is continued for 3.5 h (Note 13). The conversion of
the intermediate (R; = 0.59 in 30% EtOAc/DCM) to cyclohexylmethyl N-
hydroxycarbamate 4 (R; = 0.52 in 30% EtOAc/DCM) can be followed by
TLC analysis using a potassium permanganate solution for visualization.
The suspension is concentrated at 40 °C by rotary evaporation (130 mmHg)
and at 0.5 mmHg. The white residue is dissolved in a 1:1 mixture of ethyl
acetate and 10% hydrochloric acid (300 mL) and transferred to a 1-L
separatory funnel. After vigorous shaking, the phases are separated and the
aqueous phase is extracted with ethyl acetate (2 x 150 mL). The combined
organic layers are washed with a saturated sodium chloride solution (100
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mL), dried over magnesium sulfate (15 g), filtered and concentrated at 40 °C
by rotary evaporation (75 mmHg) and then at 0.5 mmHg to afford 16.57 g of
a light amber oil containing the title compound 4 and residual starting
alcohol 3 in a ratio of roughly 7:1, as determined by NMR analysis (Note
14). This mixture is used without further purification for the next step. A 200
mg sample of the crude product is purified by silica gel chromatography
(Note 15) to afford 167 mg (84% recovery) of the title compound as a white
solid (Note 16).

C. Cyclohexylmethyl N-tosyloxycarbamate (5). A 500-mL, one-
necked, round-bottomed flask containing the oily residue obtained from
procedure B (15.9 g) is equipped with a magnetic stirring bar and a 50-mL
pressure-equalizing addition funnel fitted with a nitrogen inlet. The system is
flushed with nitrogen for 30 min and maintained under nitrogen atmosphere.
Diethyl ether (200 mL) (Note 17) is added via cannula and the solution is
cooled with an ice bath. The system is quickly opened to add p-
toluenesulfonyl chloride (20.2 g, 106 mmol) (Note 18). Triethylamine (13.4
mL, 96.4 mmol) (Note 19) is introduced into the addition funnel using a
syringe and is added dropwise over a 15-minute time period to the ethereal
solution. The addition funnel is rinsed with diethyl ether (10 mL) and the
solution is stirred in the ice bath for 1.5 h. Distilled water (75 mL) is added
to the white suspension and the resulting clear mixture is transferred to a
500-mL separatory funnel. After vigorous shaking, the organic layer is
separated and washed with a saturated sodium chloride solution (75 mL),
dried over MgSO, (15 @), filtered and concentrated at 40 °C by rotary
evaporation (225 mmHg and 20 mmHg) until the residue becomes solid and
then at 0.5 mmHg for 12 h to afford a yellowish solid. The solid is dissolved
in 50 mL of dichloromethane and is charged on a 6.5 x 11 cm silica gel
column (200 g of dry silica) (Note 20). The system is eluted with a mixture
of 5% ethyl acetate-dichloromethane. The first 150 mL are discarded and the
next 800 mL are collected in a 1-L round-bottomed flask and concentrated at
40 °C by rotary evaporation (225 mmHg, then 20 mmHg) until the residue
becomes a solid which is then dried at 0.5 mmHg. The inner surface of the
flask is scratched with a spatula in order to loosen the product from the flask.
To the 1-L flask is added a 6-cm egg-shaped magnetic stirring bar and 300
mL of hexane (Note 21). The suspension is vigorously stirred for 24 h and
filtered on a fritted glass funnel. The white solid is dried at 0.5 mmHg for 8
h to afford 23.75 g (73% yield from 3) of the desired product (Notes 22 and
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23). The tosyloxycarbamate must be over 90% purity, as determined by
GC/MS, to be used for the next step.

D. 4-Spirocyclohexyloxazolidinone (6). Using a 250-mL one-necked,
round-bottomed flask equipped with a magnetic stirring bar, a solution of
cyclohexylmethyl N-tosyloxycarbamate (5) (16.4 g, 50.0 mmol) in
dichloromethane (50 mL) (Note 24) is prepared. A 1-L three-necked, round-
bottomed flask equipped with a 6-cm egg-shaped magnetic stirring bar is
charged with dichloromethane (75 mL) and distilled water (10 mL).
Potassium carbonate (7.60 g, 55 mmol, 1.1 equiv) (Note 25) is added to the
flask, which is fitted with a rubber septum, an internal thermometer, glass
stopper and a short needle (through the septum) opened to the atmosphere,
and the mixture is stirred until the white solid is dissolved. The
dichloromethane solution containing 5 (Note 26) is taken up in a 60-mL
glass syringe, which is installed on a syringe pump system set for an
addition time of 60 minutes. Tetrakis(triphenylacetate) rhodium dimer (2)
(0.678 g, 0.5 mmol, 0.01 equiv) is added to the biphasic solution and the
dropwise addition is begun. Upon the addition of the tosyloxycarbamate 5
solution, the green reaction mixture becomes thicker, a white solid forms,
and the internal temperature slowly rises to reach 30 °C when approximately
half of the starting material is added. Then the mixture slowly cools down to
room temperature. The starting material is added dropwise to avoid any
significant rise of internal temperature. When the complete volume is added,
the 250-mL flask and the syringe are rinsed with 10 mL of dichloromethane
and this volume is added to the mixture which is stirred for a further 3 h to
ensure complete consumption of the starting material. The dichloromethane
Is evaporated at 40 °C by rotary evaporation (225 mmHg) until only the
residue and the water are left in the flask. The aqueous residue is dissolved
in a 1:1 mixture of ethyl acetate and water (400 mL) and transferred to a 1-L
separatory funnel. The phases are separated and the aqueous layer is
extracted with ethyl acetate (2 x 100 mL). The combined organic extracts are
washed with a saturated sodium chloride solution (100 mL), dried over
MgSO, (15 g), filtered and concentrated at 40 °C by rotary evaporation (75
mmHg) and then at 0.5 mmHg to afford a yellowish solid. The solid is
dissolved in 20 mL of dichloromethane and charged on a 6.5 x 22 cm
column of silica gel (350 g of dry silica) (Note 20). The system is eluted
with a mixture of 30% ethyl acetate-dichloromethane. Because the product is
difficult to visualize by TLC, the first 900 mL are discarded and the next
1400 mL are collected and concentrated at 40 °C by rotary evaporation (225

62 Org. Synth. 2009, 86, 59-69



mmHg then 20 mmHg) until the residue solidifies. It is then dried at 0.5
mmHg to afford 6.1 g (79% vyield) of the title compound as a yellowish solid
of purity higher than 98% as determined by NMR and GC/MS analysis
(Note 27).

2. Notes

1. All glassware was flame-dried under vacuum and allowed to cool
under an atmosphere of nitrogen.

2. Rhodium (Il) acetate dimer was purchased from Strem
Chemicals. It was stored and weighed in a glove box and was used without
further purification.

3. Triphenylacetic acid (99%) and chlorobenzene (99%) were
purchased from Aldrich Chemical Company, Inc. and used as received.

4. Slow distillation of the solvent (bp 132 °C) removes the acetic
acid (bp 117 °C) formed from the ligand exchange. If the distillation rate is
higher than 10 mL/hour, chlorobenzene is added in order to keep the total
volume of the reaction mixture over 40 mL.

5. The solid is insoluble in methanol and the color changes from
green to purple-blue.

6. A half-scale run provided 1.75 g (89%) of the rhodium 1I
tetrakis(triphenylacetate) dimer.

7. Analytical data for Rhodium Il tetrakis(triphenylacetate) dimer
(2): R = 0.19 (10% ethyl acetate/hexane); 'H NMR (300 MHz, CDCl,)
d: 3.51 (residual MeOH), 6.63 (d, J = 7.5 Hz, 24 H), 6.86 (t, J = 8.1 Hz, 24
H), 7.07 (t, J = 7.5 Hz, 12 H); *C NMR (75 MHz, CDCl5) §: 69.2 (residual
MeOH), 126.8, 127.4, 130.7, 143.4, 192.9; IR (film) 3055, 1590, 1580, 1365
cm™; Analysis calc. for CgHgoOsRh,: C 70.90, H 4.46; found: C 67.96, H
4.73 %. The low value obtained for the carbon analysis is due to residual
coordinated methanol from the recrystallization. Up to 2 equiv of MeOH per
molecule of dimer (determined by 'H NMR, & = 3.51 and °C NMR, § =
69.2) can be present and do not affect the reactivity of the catalyst.

8. 1,1’-Carbonyldiimidazole, reagent grade, was purchased from
Aldrich Chemical Company, Inc. It was stored and weighed in a glove box
to avoid hydrolysis and was used without further purification.

9. Short exposure to 1,1’-carbonyldiimidazole could cause serious
temporary or residual injury. This reagent should be handled with careful
attention to avoid contact with skin.
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10. Acetonitrile was distilled over calcium hydride. If wet
acetonitrile is used, hydrolysis of a reaction intermediate reduces the yield.

11. Cyclohexanemethanol (3), 99+%, was purchased from Aldrich
Chemical Company, Inc. and was used as received.

12. Hydroxylamine hydrochloride (99%) and imidazole (99%) were
purchased from Alfa Aesar and used as received.

13. An excess of hydroxylamine and imidazole is used in order to
accelerate the reaction and minimize the hydrolysis of the intermediate.

14. The 'H NMR methylene resonances of the N-hydroxycarbamate
(doublet at 3.96 ppm) and the starting alcohol (doublet at 3.44 ppm) are used
to determine the product ratio.

15. Flash chromatography is performed on a 3 x 10 cm silica gel
column (33 g of dry silica). The product is charged on the column and the
system is eluted with 50 mL of 20% ethyl acetate-dichloromethane. At that
point, fraction collection (8-mL fractions) is begun and elution is continued
with 450 mL of a 20% ethyl acetate-dichloromethane mixture. Collected
fractions were analyzed by TLC, eluting with 30% ethyl acetate-
dichloromethane (R = 0.52 for 4 and 0.63 for 3). Visualization was
accomplished by spraying with a potassium permanganate solution followed
by heating. All the fractions (10-30) containing the desired product were
combined and concentrated at 45 °C by rotary evaporation (40-50 mmHg)
and then at 0.5 mmHg.

16. Analytical data for cyclohexylmethyl N-hydroxycarbamate (4):
mp 33-34 °C; 'H NMR (300 MHz, CDCl5) &: 0.85-1.04 (m, 2 H), 1.06-1.37
(m, 3 H), 1.40-1.90 (m, 6 H), 3.99 (dd, J = 6.3, 5.1 Hz, 2 H), 7.03 (br s, 1
H), 7.28 (br s, 1 H); *C NMR (75 MHz, CDCls) §: 25.7, 26.4, 29.6, 37.4,
71.5, 159.9; IR (film) 3291, 2922, 2851, 1712, 1449, 1267, 1121 cm™;
HRMS (TOF") calc. for CgH1sNOsNa [M+Na]™: 196.0950; found: 196.0940;
Analysis calc. for CgH;sNOj: C 55.47, H 8.73, N 8.09; found: C 55.49, H
8.81, N 7.93 %.

17. Anhydrous diethyl ether was obtained by filtration through a
drying column on a Sol-Tec solvent purification system.

18. p-Toluenesulfonyl chloride, 99+%, was purchased from Aldrich
Chemical Company, Inc. and was used as received.

19. Triethylamine was purchased from Fisher Scientific and was
freshly distilled from CaH, (88-90 °C) under argon atmosphere prior to use.

20. UltraPure silica gel (32—-63 um) was purchased from EcoChrom.
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21. Omnisolv grade hexane was purchased from EMD and was used
as received.

22. A second run on approximately half-scale provided a 79% yield.

23. The physical properties of 5 are as follows: R 0.68 (5% ethyl
acetate/dichloromethane); mp 88-90 °C; 'H NMR (500 MHz, CDCls)
9: 0.82-0.85 (m, 2 H), 1.0-1.3 (m, 3 H), 1.46-1.57 (m, 3 H), 1.63-1.67 (m, 3
H), 2.46 (s, 3 H), 3.83 (d, J = 6.3 Hz, 2 H), 7.35 (d, J = 8.1 Hz, 2 H), 7.87
(d, J = 8.1 Hz, 2 H); **C NMR (125 MHz, CDCl,) &: 21.9, 25.7, 26.3, 29.3,
37.1, 72.2, 129.7, 129.9, 130.5, 146.2, 155.9; IR (film) 3230, 2927, 2853,
1740, 1597, 1380, 1191, 1179 cm™; HRMS (TOF") calc. for CisH,,NOsSNa
[M+Na]™: 350.1038; found: 350.1006; Analysis calc. for CisH,;NOsS: C
55.03, H 6.47, N 4.28, S 9.79; found: C 54.85, H 6.30, N 4.11, S 10.07 %.

24. Dichloromethane was purchased from Fisher Scientific and was
used as received.

25. Granular potassium carbonate was purchased from J.T. Baker
and was used as received.

26. The total volume added is approximately 60 mL.

27. Analytical data for 3-oxa-1-azaspiro[4.5]decan-2-one (6): R 0.53
(30% ethyl acetate/dichloromethane); mp 81-82 °C; *H NMR (300 MHz,
CDCly) §: 1.20-1.72 (m, 10 H), 4.08 (s, 2H), 6.82 (br s, 1H); **C NMR (75
MHz, CDCl,) §: 22.7, 24.9, 37.2, 57.9, 75.8, 159.7; IR (film) 3230, 2932,
2858, 1745, 1397, 1251, 1031 cm™; HRMS (TOF") calc. for CgH13NO,Na
[M+Na]™: 178.0844; found: 178.0843; Analysis calc. for CgHi13sNO,: C
61.91, H 8.44, N 9.03; found: C 61.99, H 8.61, N 8.94 %.

Safety and Waste Disposal Information

All hazardous materials should be handled and disposed of in
accordance with “Prudent Practices in the Laboratory”; National Academy
Press; Washington, DC, 1995.

3. Discussion

This procedure describes an attractive method for the preparation of
oxazolidinones using a rhodium-catalyzed nitrene C-H bond insertion
reaction. It is well known that nitrene species are accessible by photolysis or
thermolysis of acyl azides. However, their employment in the formation of
oxazolidinones is limited to some specific cases,” because of their lack of
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stability and selectivity.® Alternatively, metal nitrenes are prepared via the
oxidation of carbamates using hypervalent iodine reagents which generate a
stoichiometric amount of iodobenzene as byproduct.* In the described
procedure, a tosyloxycarbamate is decomposed with a base to form a metal
nitrene in the presence of a rhodium catalyst. The insertion reaction proceeds
then smoothly, with total conversion. The only stoichiometric byproduct is
potassium tosylate, which is simply removed by an aqueous work up. The
starting material is a stable white solid easily prepared from the
corresponding commercially available alcohol. The metal nitrene insertion is
effective at ethereal, benzylic, tertiary, secondary, and even primary
positions, providing an interesting route to various substituted
oxazolidinones (Table 1).°

Table 1. Oxazolidinone formationab

@)

0]
Ry J _oTs  Rny(TPA), (6 mol %)
Y o N K»COs (3 equiv) HN'(O
R2 R14\/
DCM, rt, 6 h Ro
Entry Product ~solated Entry Product Isolated
yield yield
0 0]

1 HN’( 92% 5 HN’( 73%
ph— O ~—L 0

0
2 HN—(’ 84% 6 HN— 84%
4% S
0
HN— 0o

O
4 7HNK//<O 71% 8 HNS’zo 41%

@ see reference 5; b 0.5 mmol scale

Chiral oxazolidinones can also be prepared by this method using an
enantioenriched N-tosyloxycarbamate as starting material, as the C-H
insertion occurs with total retention of configuration (Entry 5). The method
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has been initially developed on a 0.5 mmol scale, using 6 mol% of rhodium
dimer and 3 equivalents of potassium carbonate in dichloromethane at room
temperature. Under the optimized reaction conditions on a 50 mmol scale,
the catalyst loading is lowered to 1 mol% and 1.1 equivalent of base is used
for complete conversion. The intermolecular version of the reaction has also
been reported using 2,2,2-trichloroethyl N-tosyloxycarbamate as the source
of nitrene and Troc-protected amines derived from various unfunctionalized
substrates were isolated in good yields.®
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Appendix
Chemical Abstracts Nomenclature; (Registry Number)

Rhodium 11 acetate: (15956-28-2)

Triphenylacetic acid: Benzeneacetic acid, a.,a.-diphenyl-; (595-91-5)

Rhodium (I1) tetrakis(triphenylacetate);(142214-04-8)

Cyclohexylmethyl N-hydroxycarbamate: Carbamic acid, hydroxy-,
cyclohexylmethyl ester; (869111-30-8)

1,1’-Carbonyldiimidazole: Methanone, di-1H-imidazol-1-yl-; (530-62-1)

Cyclohexanemethanol; (100-49-2)
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Hydroxylamine hydrochloride; (5470-11-1)

Imidazole; (288-32-4)

p-Toluenesulfonyl chloride: Benzenesulfonyl chloride, 4-methyl-; (98-59-9)

Triethylamine; (121-44-8)

Cyclohexylmethyl N-tosyloxycarbamate: Benzenesulfonic acid, 4-methyl-,
[(cyclohexylmethoxy)carbonyl]azanyl ester; (869111-41-1)

4-Spirocyclohexyloxazolidinone: 3-Oxa-1-azaspiro[4.5]decan-2-one:
(81467-34-7)

Potassium carbonate; (584-08-7)
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Dl B.00000000 s=c
411 0.03000000 =s=c
ODZLTA 7.90000010 s=c
TCO 1
======== CHAHMEL fl =—==—=====
HIZ1 L3C
Pl Q.00 uses
FLL 1.80 4B
SEROL 75.5381641 MHz
=——=—=——== CHAHMEL f2 =——=——=—=——
CEFOFRGZ waltzlhb
Mz 2 1H
PCPO2 S2.00 usec
PLZ2 0.00 4B
PLLZ 20.00 dE
PLL3 20.00 dE
SROZ 300. 3812015 MH=z
FZ - Processing paramsters
31 BE5 360
SF 75. 5306001 MHz
WL ™
SEE i}
LE 1.00 H:z
aE 1]
1 | T I T I T I T I 1 I T I T I T I T I 1 I T PI:' 1. il:l

200 180 160 140 120 100 80 G0 40 20 0 ppm



AJR-4-29
NMR 500
Tosyloxycarbamate

L] %] = w0
& oo i ooar- [ LY O ] ed O] o ow .y
O e w o o e = e Tomme
U oTs w3 Y mREd L oRsas
e} N~ L) L | [ Curzent Daktas Fa:am:t:fs
H "|||" Ill,'l I| i II |' |' HAME AJR-4-295
\ \i‘ | VA EXENO 4
! | PROCHD 1
F2 - Acguizition Farame=tecss
Date_ Z0OEN512
Tim= k.21
[HSTR sp=ct
FRZEHD 5 mm Multinucl
PUOLFROG Igpg
g o BE536
SOLVENT CLC13
HE 3l
DS 4
SWH 30030.029 H=
FIDRES 01.458222 H=z
A L.09l2294 s=c
RS 3ZThE
W 16, 650 use=s
OE 0D wmes
TE 288.2 K
D1 La.00000000
d11 0.03000000
DELTA O, 399399L2
TOD 1
======== JHAM¥EL fl ========
HZ1 13C
P1 9. 00 use=c
FL1 -2.00 4B
5521 L25. 7703643 MH=z
======== CHRHNYXEL fZ ========
CFDFRG2 waltzli
Mz 2 1H
PCPL2 100.00 usec
FLZ 01.00 4B
FL12 20.63 dB
FL13 20.63 4B
SE02 S500.1320005 MH=
F2 - Processing param=ters
51 3Z2ThRE
SF L25. TET7736 MH=z
WL EM
S55E o
LE 1.00 H=z
— T T T T T T T T T T T T o L an

200 180 160 140 120 100 80 60 40 20 0

ppm



BJR-4-3%
NME. 300
CrgSyn Final

w0
0 2 ZERE 3 4 gn
—JQ E - o - - Curr=nt Dakta P:::m:t:fﬁ
HN — = = =~ - ufi s} Lo M| HAME AJR-4-36
| EXPND 2
0 \ ."/ | || I| EROCHO 1
F2Z - Acguisition Farametess
Dabe=_ Z0OEDGRZRE
Tim= 18.47
INSTRI® sp=ct
FRIEHD 5 mex DOL LH-13
PULFRO2G gpg
T 65530
SOLVENT [ )
HE Z1
DS q
SWH 18115. 941 H=
FIDREZS 01.276427 H=z
A L.EDER43E ==o
RS gLS2
oW 2T. 600 uss=
0= E.0D nme=
TE 3000 E
D1 B.00000000 s=c
411 0.03000000 s=c
DELTA T7.90000010 s=c
TCOD 1
=—======= CHRHUNEL fl =======
o LG 1L3C
Pl 9.00 us=
FL1 1.80 dB
SE01 75.5381641 MH=z
======== CHRAHNNEL £2 =======
ZFDFRGZ waltzli
i LI 1H
PCPL2 S92.00 us=
PL2 1.00 dB
FL1Z 20.00 4B
PL13 20.00 dE
SRO2 300, 3812015 MH=z
FZ2 - Frocessing param=te=rs
51 G5536
5F 15. 5306024 MH=z
LW M
SEE i]
LE 1.00 H=z
2B o
T I 1 I T | T I T I 1 I T I T | T I 1 I T I T Pl:' 1 . ﬂ |:|
200 180 160 140 120 100 &0 G0 40 20 0  ppm



— SO O] SO o) 00 Wy o0 ol o= o =t
(T T S T B U= =T T (R T e — -
Rh2(TPA)4 NO OO O MWW WD L ] ‘ >< ’
L\l‘ CN
Current Data Parameters
MAME ALJE-BhZ (TPA) 4
oy ] T O O oD LN oy C0 = EXPNO 1
[~ =P &n WO o = =P o PROCHO 1
f R B e W s B = s e s QL Us BE TS B Ce B Ve
e F2 - RAcqguisiticn Parameters
= [ [ M0 00 A0 A0 0 WD Date_ 20080417
Time 13.14
\\ \\\\\ INSTRUM spect
| PROEBHD 5 mm Dual 13C/
PULEROG zqg
TD 3IZTRE
SOLVENT CDC13
M 16
)= 2
i fl SWH 6172.839 Hz
| FIDRES 0.188380 Hz
| I,I)‘ Illlﬁ AQ 2.5542580 sec
__N'LJJ' _J'“L P RG 512
D 21.000 usec
[ i T ' I i I DE
7.0 6.8 ppm TE
Ol
TDO
NUZ1
Pl
PL1
SFO1
F2 - Processing parameters
51 16364
SF 300.1300062 MHz
WLH EM
35B a
LB 0.10 H=
GE a
| C 1.00
b I\_.Jk_ s J _.IIJL
9 8 7 6 5 4 2 1 ppm
[=11Tp R R o w
o || — o
n]Lf} o o o
Ll Ea R ERY]



3 o)
o)LN/OH ‘: ™
: To BRUKER
|
Crude \*\If CN

Current Data Parameters

HAME AJR-4-22

EXPNO 1

PROCHO 1

FZ2 - Acquisiticn Parameters
I Date_ 20080503

Time 13.30
-y Ulk_ JUL INSTRUM spect

PROBHD 5 mm Dual 13C/

I j I j I j I PULFROG g
4.0 3.9 3.6 ppm TD 32768
SOLVENT CcDCl3
N3 1
D5 2
SWH 6172.839 Hz
FIDRES 0.188380 H=z
p:Xe] 2.5342580 sec
o 010
DE .
TE
’IP' D1
Wl “*.f' TDO
J |'|I u\l kIL\‘_/NIII\.r\l\_\-\_ ________ g
NUC1
—— T T o1 5. :
2.0 1.5 1.0 m PL1 4.00 d8
PP SFO1 300.1318530 MH=z
FZ2 - Processing parameters
5I 1364
5F 300.1300062 MHZ
WLW EM
55B a
| LB 0.10 H=z
M Ge 0
J J L \Ail C 1.00
- _J'“—F'h-.__ |I-. _J 'ul ‘IL
I e B B T L B L e e
9 8 7 6 5 4 3 2 1 ppm

\ ANEVAN AL ]
- UWC) I~ =1k <N|nw
o [=11=11""] = | | o



ol @O
A B U B s R B e e
AJR-4-22 o e Skt It [ oV R S S . m
NME SOE AA A A 4 HO O
OxyCarbamate
! L BRUKER
o0 r~ | |
0w ol !
[ IS B )
[-:- ['-: [-:- [-:- = o] 0 R Current Data Parameters
—- O 0] HAME AJR-4-22
‘ e e )]\ EXPNO z
oo .OH PROCHO 1
| — (@] N
|I } H F2 - Acquisiticn Parameters
Vo Date_ 20080521
I,/ Time 11.32
INSTEUM spect
/ PROEHD 5 mm Dual 13C/
i i PULPROG zq
N~ W TD 32768
| | | [l SOLVENT CDCl3
' ' ' | / ¥s g
- X
7.2 m 'I \ r/ DS z
N PP — — N SWH 6172.83% Hz
= [~ L — T FIDRES 0.188380 Hz
oo O 2 2.6542580 sec
4 1.5 1.0 ppm ioe WV
e e o > ey
D 81.000 usec
\ DE
\“} TE
\ D1
iyl
',|HI [ ——
_;'“'I”III HUCl
Pl .
ppm PL1 4.00 dB
5Fol 300.1318530 MHz
F2 - Processing parameters
|I 5I 16384
| SF 300.1300059 MH=
WD EM
| J| 3sB 0
| LE 0.10 H=z
| A | | a GE ]
f | RV \ BC 1.00
i
JU\ A oo NV
9 8 7 6 5 4 3 2 1 ppm
N\ )\ ..
35 g 8 |82
Aall=] o [65] ol ed



AJR-4-2%

KME 300
Tosyloxycarpamate BRUKER
= o W e oo o B I T e e e e e i
o0 A0 U N wp D L S | (% I el i B T i T L T e T R ol Y (S |
L= e s L oo = UG MDD U i U e owmp owP el 000D o
r~r- 0 r-~ Qe o N—|1|1|—|1|1|—|1|1|—l-:_:-:_'.\l:-\|:.|ﬁ:ﬁqﬂntnltaplifaﬁ:tfg
= JR-4-2
I,.'Il'l | ) - HJEKP:-.‘C- 3
Voo / / '\ l/ \ ¥ - PROCHD 1
II O FZ - Rocguisition Param=t=cs
)J\ Dat=_ 20080512
.OTs Tim= L&.12
O N [ESTRUM —_—
H
PEIEHD 5 =m Multinucl
PULFROIG =
T 65536
SOLVENT COC13
ME 9
bz 2
SWH 13330.578 Hz
FIDEES 1.157632 H=
RO F.1718923 s=c
. | ,IJ ‘ RG 32
— M LM _,J‘j.|'. S oW €. 400 usec
I I I I o= &. 00 useco
7.8 7. 6 o I T T T T T TE Z8E.2 K
o 1.6 1.4 1.2 i.0 oo o1 5. 00000000 s=c
) TCO 1
—==—==== CHANMEL fl ========
H1Z1 1H
Fl 5.00 us=c
PL1 .00 4B
3P0 S00.L3Z0ERS HH=z
FZ - Processing paramste=rs
51 3276E
3F S00.L300135 HH=z
WIW K
SEB a
1E 0.30 H=z
GE a
B 1.00
Pa____f A ! I
9 8 7 6§ 5 4 3 2 1 ppm
A L)1)
213 (@) @ S le) x|
L=r 3 =] i [=¢] [=1] [T L D
o] |« - o3 eifen] |od| |led



— —
AJR-4-36 o g & -
NMR 300 N N @ o
OrgSyn °© =~ o - BRUKER
Current Data Farameters
NAME RJE-4-36
EXPHNO 1
FROCEO 1
F2 - RAcquisiticn Farameters
Date_ 20080522
Time 10.39
INSTREUM spect
PROEHD 5 mm Dual 13C/
PULFPROG bdu )
TD 32768
SOLVENT CDCl3
N5 16
”" ] 2
||| I SWH £172.83%9 Hz
'R FIDRES 0.188380 Hz
AN AQ 2.6542580 sac
B - RG 80.5
)y A u]v) 21.000 usec
DE
T T TE
Ol
1.5 ppm D0
NOC1
Fl .
FL1 4.00 4B
SFO1 300.1318530 MH=z
F2 - Processing parameters
58I 16354
SF 300.1300062 MHz
WLW EIM
558 a
LB 0.10 H=
'] | GE 0
Jf ia) C 1.00
_Jﬂ\. JL L'l\_

9 8 7 6 5 4 3 2 1 ppm

0.98
2.00
10.68



