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The procedures in Organic Syntheses are intended for use only by persons with proper 
training in experimental organic chemistry.  All hazardous materials should be handled 
using the standard procedures for work with chemicals described in references such as 
"Prudent Practices in the Laboratory" (The National Academies Press, Washington, D.C., 
2011; the full text can be accessed free of charge at 
http://www.nap.edu/catalog.php?record_id=12654).  All chemical waste should be 
disposed of in accordance with local regulations.  For general guidelines for the 
management of chemical waste, see Chapter 8 of Prudent Practices.  

In some articles in Organic Syntheses, chemical-specific hazards are highlighted in red 
“Caution Notes” within a procedure.  It is important to recognize that the absence of a 
caution note does not imply that no significant hazards are associated with the chemicals 
involved in that procedure.  Prior to performing a reaction, a thorough risk assessment 
should be carried out that includes a review of the potential hazards associated with each 
chemical and experimental operation on the scale that is planned for the procedure.  
Guidelines for carrying out a risk assessment and for analyzing the hazards associated 
with chemicals can be found in Chapter 4 of Prudent Practices. 

The procedures described in Organic Syntheses are provided as published and are 
conducted at one's own risk.  Organic Syntheses, Inc., its Editors, and its Board of 
Directors do not warrant or guarantee the safety of individuals using these procedures and 
hereby disclaim any liability for any injuries or damages claimed to have resulted from or 
related in any way to the procedures herein. 
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specific hazard caution notes and safety instructions included in the procedure. 
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1. Procedure 

 
 A. (4S)-4-Isopropyl-5,5-diphenyl-3-(3-phenylpropionyl)oxazolidin-2-

one (1). In a 1-L, three-necked, round-bottomed flask equipped with an 
overhead mechanical stirrer (fitted with an 8-cm Teflon paddle), a Teflon-
coated thermocouple, and a 150-mL pressure-equalizing addition funnel 
fitted with a nitrogen inlet, a solution of (4S)-4-isopropyl-5,5-
diphenyloxazolidin-2-one (DIOZ) (Note 1) (22.5 g, 80 mmol) in 
tetrahydrofuran (THF) (266 mL) (Note 2) is cooled to -40 °C using an 
ethanol/dry ice bath. n-Butyllithium (1.6 M in hexane, 52.75 mL, 84.8 
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mmol, 1.06 equiv) (Note 3) is added to the well-stirred suspension (Note 4). 
The resulting reddish solution is allowed to warm to -15 °C (ca 15 min) and 
is then cooled to -70 °C. A solution of 3-phenylpropanoyl chloride (14.84 g, 
87.97 mmol, 1.1 equiv) (Note 5) in THF (42.5 mL) is added via the addition 
funnel to the solution while the temperature is kept between -70 and -60 °C. 
Addition is completed after 20 min and stirring is continued for 30 min 
further (Note 6). The reaction mixture is allowed to warm to room 
temperature, quenched with half-saturated aq. NH4Cl solution (210 mL) and 
then is transferred to a 1000–mL separatory funnel where it is extracted 
twice with EtOAc (160 mL, 25 mL). The combined organic phases are 
washed consecutively with water (105 mL), sat. aq. NaHCO3 solution (21 
mL), and half-saturated brine (105 mL). After being dried over MgSO4 (8 g, 
30 min), the organic phase is filtered through an 8-cm medium-porosity 
glass filter funnel, then the filtrate is concentrated by rotary evaporation (23 
˚C, 15 mmHg) and then is dried at 0.2 mmHg for 8 h at room temperature. 
The crude product (35 g) is dissolved in refluxing tert-butyl methyl ether 
(TBME) (105 mL) and hexane (215 mL) is added slowly over 20 min. At the 
end of the addition, precipitation occurs. The mixture is then cooled in an ice 
bath for 2 h and is filtered through an 8-cm medium-porosity glass filter 
funnel to obtain the pure product, which is dried (23 °C at 0.08 mmHg) for 4 
h to obtain 29.6 g (89%) of 1 as colorless needles (Note 7). 
 B. (2R,4S) [2-Benzyl-3-(4-isopropyl-2-oxo-5,5-diphenyl-3-

oxazolidinyl)-3-oxopropyl]carbamic acid benzyl ester (2). A 1-L, three-
necked, round-bottomed flask, fitted with a 150-mL, pressure-equalizing, 
addition funnel fitted with a nitrogen inlet, Teflon-coated thermocouple, a 
rubber septum, and a magnetic stirring bar (Note 8), is charged under a 
nitrogen atmosphere with 1 (28.9 g, 70.0 mmol) and dichloromethane (280 
mL) (Note 9). The clear, colorless solution is cooled to -50 °C (ethanol/dry 
ice bath). A solution of TiCl4 in dichloromethane (1 M, 73.5 mL, 73.5 mmol, 
1.05 equiv) (Note 10) is added dropwise via cannula keeping the 
temperature between -50 and -40 °C (Note 11). Then a 1 M solution of 
triethylamine in dichloromethane is added via syringe (ca. 3 mL) until the 
dark red color of the enolate persists (Note 12). More triethylamine (10.19 
mL, 7.4 g, 73 mmol, 1.05 equiv) in dichloromethane (70 mL) is slowly 
added over 10 min keeping the temperature between -40 and -35 °C. After 
stirring the reaction mixture for 20 min further at this temperature, a solution 
of benzyl isopropoxymethyl carbamate (16.4 g, 73.5 mmol, 1.05 eq) (Note 
13) in dichloromethane (80 mL) is added over 10 min via the addition 
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funnel, followed by one more equivalent of the 1 M TiCl4 solution in 
dichloromethane (73.5 mL, 73.5 mmol, 1.05 equiv) via cannula keeping the 
temperature at -40 °C (Note 10). After 10 min, the cooling bath is replaced 
by an ice bath and the reaction mixture stirred for 3 h at 0-2 °C (Note 6). The 
yellow reaction mixture is quenched with a solution of sat. aq. NH4Cl 
solution (300 mL) and water (100 mL), then is stirred for 5 min and is 
transferred to a 1-L separatory funnel. The aqueous phase is separated and 
extracted with dichloromethane (50 mL). The combined organic layers are 
washed with half-saturated brine, dried over MgSO4 (15 g, 30 min), filtered 
through an 8-cm medium-porosity glass filter funnel, concentrated by rotary 
evaporation (23 ˚C, 15 mmHg) and dried in vacuo (23 ˚C, 0.08 mmHg) for 5 
h to afford the crude product as a pale-yellow foam (42.7 g) (Note 14). The 
residue is dissolved, with stirring, in 250 mL of refluxing tert-butyl methyl 
ether (TBME). During the addition of hexane (150 mL) some seed crystals 
were added (Note 15, 16). The mixture is allowed to cool for 30 min and 
then is heated back to reflux. Another portion of hexane (100 mL) is added 
and the mixture is allowed to cool to room temperature overnight.  The 
resulting crystals are collected by suction filtration through an 8-cm 
medium-porosity glass filter funnel, then are washed with two 100-mL 
portions of a mixture of ice-cold hexane/TBME, 2:1. After a second 
recrystallization from hexane/TBME, 1:1 (250 mL each), the isolated 
crystals are dried in vacuo (23 ˚C, 0.15 mmHg) for 8 h at room temperature 
to provide 21.05 g (52%) of the product 2 as colorless, diastereomerically 
pure microcrystals (Notes 17, 18).  
 C. (R)-2-(Benzyloxycarbonylaminomethyl)-3-phenylpropanoic acid 

(3). A 1-L, two-necked, round-bottomed flask fitted with an overhead stirrer 
(fitted with an 8-cm Teflon paddle), and a Teflon-coated thermocouple is 
charged with 2 (20.0 g, 34.9 mmol), THF (204 mL) and water (102 mL). 
Hydrogen peroxide (30%, 14.3 mL, 139.6 mmol, 4.0 equiv) (Note 19) is 
then added and the resulting mixture cooled to 0-5 °C in an ice bath. Lithium 
hydroxide monohydrate (2.34 g, 55.8 mmol, 1.6 equiv) (Note 20) is added 
and stirring is continued at 0-5 °C for 2 h (Notes 6, 21).  The suspension is 
allowed to warm to room temperature, then is slowly diluted with aq. 
Na2SO3 solution (20 g in 160 mL, 158 mmol) (Note 22, 23) followed by 1 M 
aq. NaOH solution (102 mL) and stirring is continued at room temperature 
for 10 min. The THF is removed on a rotary evaporator (40 °C, 15 mmHg, 

30 min) and TBME (635 mL) is added to the resulting suspension. After the 
mixture is stirred for 10 min, the precipitate (recovered DIOZ auxiliary) is 
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filtered off by suction through an 8-cm medium-porosity glass filter funnel 
and is successively washed with 1 M aq. NaOH solution (101 mL), water (2 
x 83 mL) and TBME (2 x 83 mL) (Note 24). The filtrate and all aqueous 
washes are combined and acidified to pH 2-3 with 0.52 M aq. citric acid 
solution (Note 25) and then are transferred to a 4-L separatory funnel and are 
extracted with TBME (2 x 255 mL). The combined TBME phases are 
washed with brine (255 mL), dried over MgSO4 (19 g, 10 min), filtered 
through an 8-cm medium-porosity glass filter funnel and concentrated by 
rotary evaporation (45 °C, 15 mmHg). The resulting oil slowly solidifies 
upon standing (Note 26) to afford 10.70 g (98%) of 3 with an enantiomer 
ratio of  99.9:0.1 (Notes 27, 28, 29). 
 

2. Notes 

 
1. This auxiliary (DIOZ) was prepared following the Organic 

Syntheses procedure, ref. 4. Use of the corresponding R-auxiliary leads to 
the S- 2 amino acid derivative ent-3.  

2. THF was purchased from Fisher Scientific and was dried by 
percolation through 4Å molecular sieves immediately prior to use.   

3. n-Butyllithium in hexane was purchased from Fluka and was 
titrated by the method of Gilman (1.62 M).  

4. The addition is slightly exothermic, therefore slow addition is 
recommended. 

5. 3-Phenylpropanoyl chloride (98%) was purchased from ACROS 
and was used as received.  

6. The progress of the reactions can be monitored by TLC analysis 
(visualization with UV, I2 and KMnO4). Step A: (silica gel, hexane/EtOAc, 
4:1); DIOZ: Rf = 0.15, 1: Rf = 0.75.  Step B: (silica gel, hexane/EtOAc, 4:1); 
1: Rf = 0.75, 2: Rf = 0.3. Step C: (silica gel, hexane/EtOAc, 3:2); 2: Rf = 0.85, 
3: Rf = 0.11.  

7. The product exhibits the following physicochemical properties: 
mp 98-99 °C; [ ]D

23 = –176.2 (c 1, CHCl3); 
1H NMR (400 MHz, DMSO) : 

0.6, 0.85 (2 d, J = 7.1, 6.87 Hz, 6 H, 2 x CH3), 2.03 (dp, J =7.1, 2.5 Hz, 1 H, 
CH), 2.75 (t, J = 7.9 Hz, 2 H, CH2-phenyl), 2.96, 3.14 (2 m, 2 H, CH2-CO), 
5.59 (d, J = 2.6 Hz, 1 H, CHN), 7.05-7.65 (m, 15 H, aryl-H). 13C NMR (125 
MHz, DMSO) :  171.3, 152.6, 143.1, 140.2, 138.2, 128.8, 128.38, 128.30, 

128.2, 128.1, 127.7, 125.9, 125.3, 124.9, 88.7, 64.4, 36.2, 29.8, 29.6, 21.2, 
15.4; IR (KBr) cm-1: 2961 (m), 2938 (m), 1781 (s), 1700 (s); MS (EI) m/z 
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(relative intensity, %): 413 (41), 263 (16), 222 (43), 207 (41), 183 (46), 165 
(28), 133 (26), 117 (58), 105 (100). Anal. Calc. for C27H27NO3: C 78.42, H 
6.58, N 3.39. Found: C, 78.53; H, 6.69; N, 3.54.  

8. A 5-cm Rugby-ball-shaped stir bar was used. 
9. Dichloromethane purchased from Fisher Scientific and was dried 

by percolation through 4 Å molecular sieves immediately prior to use. 
10. Titanium tetrachloride (1 M in CH2Cl2) was purchased from 

Fluka and was used as received.  
11. Although the submitters added the solution via syringe, on this 

scale the checkers found it more convenient to transfer the titanium 
tetrachloride solution via cannula and a 100-mL graduated cylinder (flame 
dried, with septa and a nitrogen needle inlet. 

12. Triethylamine (Reagent Grade) was purchased from Aldrich 
Chemical Co. and was freshly distilled from CaH2 prior to use. 

13. For the preparation of this electrophile see the preceding 
procedure in this volume.  

14. The crude product contains the desired (R,S)-diastereomer, as 
well as the (S,S)-epimer in a 9:1 ratio. As a by-product (ca. 7%) 2-benzyl-3-
(4-isopropyl-2-oxo-5,5-diphenyloxazolidin-3-oxopropyl)carbamic acid 
isopropyl ester is formed. Both by-products can be removed by 
recrystallization.  

15. Seed crystals can be obtained after addition of hexane to a TBME 
solution of a small amount of crude product.  

16. The checkers found that a hot filtration of the TBME solution 
through ~1.5 g of Celite (acid-washed) in a cotton-plugged funnel removed a 
small amount (~5%) of triethylamine hydrochloride and made the 
recrystallization easier. 

17. An additional 12% of product 2 can be obtained by 
chromatography of the mother liquors (column dimensions: 12 cm x 6 cm (h 
x d), 200 g of SiO2, hexane/EtOAc, 85:15 (1 L), 80:20 (500 mL), 75:25 (500 
mL), 70:30 (500 mL), 65:35 (500 mL) and subsequent crystallization 
(TBME/hexane). The mother liquors from this crystallization contain a 1:1 
mixture of diastereomers that aids in the assignment of the products (see 
Note 13). Apart from the product, 19% of starting material can be recovered 
by this chromatography. 

18. The product exhibits the following physicochemical properties: 
mp 129.5-130.5 °C; [ ]D

23 –96.2 (c 1, CHCl3); 
1H NMR (500 MHz, DMSO) 

: 0.6, 0.85 (2 d, J =  7.0 Hz, 6 H, 2 x CH3), 2.03 (m, 1 H, CH-i-Pr), 2.42, 



 

300  Org. Synth. 2008, 85, 295-306 

2.59 (2 x dd, 2 H, J = 14.1, 6.5 Hz, CH-CH2-phenyl), 3.23 (m, 2 H, CH2), 
4.11 (m, 1 H, CH), 4.98 (dd, 2 H, J = 21.7, 12.7 Hz, O-CH2-phenyl), 5.54 (d, 
1 H, J = 2 Hz, CHN), 6.65-7.63 (m, 21 H, aryl-H + NH). 13C NMR (125 
MHz, CDCl3) :  173.0, 126.8, 153.1, 143.8, 138.84, 138.81, 138.29, 137.8, 

137.8, 129.5, 129.2, 129.1, 129.0, 128.97, 128.7, 128.45, 128.40, 128.3, 
126.7, 126.0, 125.4, 89.2, 65.9, 65.6, 44.7, 42.0, 35.1, 30.2, 21.8, 16.0. IR 
(KBr) cm-1: 3366 (s), 3064 (m), 3029 (m), 2870 (m), 1775 (s), 1716 (s), 
1704 (s), 1539 (s) MS (EI) m/z (relative intensity,%): 576 (4), 412 (45), 222 
(16), 167 (15), 131 (28), 91 (100). Anal. Calc. for C36H36N2O5: C 74.98, H 
6.29, N 4.86. Found: C 75.02, H 6.32, N 4.94. 

19. Hydrogen peroxide (Trace Select  30%) was purchased from 
Fluka and was used as received. 

20. Lithium hydroxide (Purum p.a.  99%) was purchased from 
Fluka and was used as received.  

21. This procedure was used as described in ref. 6 and 7.  
22. The temperature was maintained at 18-24 °C by re-immersion in 

the ice bath. 
23. Sodium sulfite (Reagent Grade, 98%) was purchased from 

Sigma-Aldrich Co. and was used as received.   
24. The recovered DIOZ-auxiliary (9.34 g, 95%, >95% purity by 1H 

NMR) can be reused. 
25. Citric acid (99%) was purchased from the Aldrich Chemical Co. 

and was used as received.   
26. The checkers found that rotary evaporation (45 °C, 15 mmHg) 

followed by high vacuum (0.2 mmHg, 12 h) was sufficient to obtain a solid.  
Suspending this solid in 150 mL of TBME followed by filtration and further 
rinsing with TBME (2 x 20 mL) generated analytically pure material after 
removing the solvent (45 °C, 15 mmHg, 3 h; then 0.2 mmHg, 23 °C, 30 h). 

27. The enantiomer ratio er was determined by HPLC: tR (S)-3 = 
23.33 min (<0.1%), (R)-3 = 27.69min (>99.9%) (Chiralpak AD-H; 
hexane/EtOH/MeOH, 92:4:4 + 0.1% TFA; 1 mL/min, 10 µg in 10 µL of 

MeOH, UV 210 nm.  
28. If sodium hydroxide is used instead of LiOH/H2O2 (as described 

in ref. 5) partial racemization was observed, and the er dropped to 90:10. 
29. The product exhibits the following physicochemical properties: 

mp 73.0-75.0 °C; [ ]D
23 = –4.1 (c 1, EtOH); 1H NMR (500 MHz, DMSO) :  

2.77 (m, 3 H, CH-CH2-phenyl), 3.15, 3.22, (2 m, 2 H, CH2), 5.02 (s, 2 H, O-
CH2-phenyl), 7.15-7.46 (m, 11 H, aryl-H + NH), 12.3 (bs, 1 H, -CO2H); 13C 
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NMR (125 MHz, DMSO) :  174.8, 156.3, 139.2, 137.3, 128.9, 128.4, 

128.3, 127.84, 127.75 126.2, 65.3, 47.2, 42.2, 35.2; IR (KBr) cm-1: 3346 (br, 
s), 3031 (br, s), 2662 (m), 1700 (s); MS m/z (relative intensity, %): 313 (2.9), 
149 (38), 131 (23), 117 (29), 108 (29), 107 (27), 103 (11), 92 (20), 91 (100), 
79 (31), 78 (10), 77 (27), 74 (10), 65 (23). Anal. Calc. for C18H19NO4: C 
68.99, H 6.11, N 4.47.  Found: C 68.93, H 6.75, N 4.62. 
 

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 

 

The procedure described herein is an application of the Evans 
oxazolidinone-auxiliary method to the overall enantioselective derivatization 
of an achiral carboxylic acid with electrophiles (4  5).8 Instead of one of 
the  classical auxiliaries the valine-derived 4-isopropyl-5,5-diphenyl-
oxazolidinone (DIOZ) is used, which has many practical advantages 
outlined in previous publications of our group6,9 and in an Organic Syntheses 
procedure for its preparation.4 The transformation of the present procedure is 
a carbamidomethylation (Mannich reaction) of 3-phenylpropionic acid (R = 
CH2, RE = CH2NHCO2Bn in 4, 5). The actual electrophile (Bn–O–CO–
+NH=CH2), generated in situ by the action of the Lewis acid TiCl4 on benzyl 
isopropoxymethyl carbamate (Bn–O–CO–NH–CH2–O–CHMe2), reacts with 
the Ti-enolate of the N-(3-phenylpropionyl)oxazolidinone 1 to give -

amino-acid derivative 2 with a diastereoselectivity of 9:1. Starting material 
1, the minor stereoisomer epi-2 and other by-products can be readily 
removed by crystallization when the benzyl isopropoxymethyl carbamate is 
employed, rather than the methoxymethyl carbamate, which was originally 
used10 for this type of reaction (Note 13).  
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 The product, described herein, for preparing 2-amino-acid derivatives 

is of general importance: it has been applied to the following building blocks 
for -peptide synthesis, with Fmoc protecting group PG and, where 

applicable, with appropriate acid-labile protection in the side chain R: 
2hAla, 2hPhe, 2hTyr, 2hVal, 2hLeu, 2hIle, 2hMet, 2hArg, 2hPro, 
2hLys.5,6,11,12,13 Actually, all 2-amino acids with proteinogenic side chains 

have been obtained with the help of the auxiliary DIOZ.13 For numerous 
other methods of preparing certain 2-amino acids, including derivatives of 

2hPhe, such as compound 3, we refer the reader to the literature.13 
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Appendix 

Chemical Abstracts nomenclature (Registry Number) 

 

(4S)-4-Isopropyl-5,5-diphenyloxazolidin-2-one (DIOZ): 2-Oxazolidinone, 4-
(1-methylethyl)-5,5-diphenyl-, (4S)-; (184346-45-0)  

n-Butyllithium: Butyllithium; (109-72-8) 
3-Phenylpropanoyl chloride: Benzenepropanoyl chloride; (645-45-4)  
(4S)-4-Isopropyl-5,5-diphenyl-3-(3-phenyl-propionyl)oxazolidin-2-one: 2-

Oxazolidinone, 4-(1-methylethyl)-3-(1-oxo-3-phenylpropyl)-5,5-
diphenyl-, (4S)-; (213887-81-1) 

Titanium tetrachloride; (7550-45-0) 
Triethylamine: Ethanamine, N,N-diethyl-; (121-44-8)  
(2R,4S) [2-Benzyl-3-(4-isopropyl-2-oxo-5,5-diphenyl-3-oxazolidinyl)-3-

oxopropyl]carbamic acid benzyl ester: Carbamic acid, [(2R)-3-[(4S)-
4-(1-methylethyl)-2-oxo-5,5-diphenyl-3-oxazolidinyl]-3-oxo-2-
(phenylmethyl)propyl]-, phenylmethyl ester; (218800-56-7) 

Hydrogen peroxide; (7722-84-1) 
Lithium hydroxide monohydrate; (1310-66-3) 
(R)-2-(Benzyloxycarbonylaminomethyl)-3-phenylpropanoic acid: 

Benzenepropanoic acid, -
[[[(phenylmethoxy)carbonyl]amino]methyl]-, ( R)-; (132696-47-0)  
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ndgXI-49-6-13C

Pulse Sequence: s2pul

 Solvent: DMSO
 Ambient temperature
User:  1-14-87
File: ndgXI-37-5-carbon
INOVA-500  "vxr500"

 Relax. delay 1.000 sec
 Pulse 60.0 degrees
 Acq. time 1.024 sec
 Width 32000.0 Hz
 291 repetitions
OBSERVE  C13, 125.5824018 MHz
DECOUPLE  H1, 499.4339361 MHz
 Power 44 dB
 continuously on
 WALTZ-16 modulated
DATA PROCESSING
 Line broadening 1.0 Hz
FT size 65536
Total time 16 min, 56 sec
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ndgXI-52-6-13C

Pulse Sequence: s2pul

 Solvent: DMSO
 Ambient temperature
Operator: user1d
INOVA-500  "u500"

 Relax. delay 1.000 sec
 Pulse 65.9 degrees
 Acq. time 1.086 sec
 Width 30165.9 Hz
 4426 repetitions
OBSERVE  C13, 125.6479598 MHz
DECOUPLE  H1, 499.6947011 MHz
 Power 44 dB
 continuously on
 WALTZ-16 modulated
DATA PROCESSING
 Line broadening 1.0 Hz
FT size 65536
Total time 9 hr, 53 min, 39 sec
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ndgxI-49-6-1H

Pulse Sequence: s2pul

 Solvent: DMSO
 Ambient temperature
File: ndgxI-49-6-1H
INOVA-500  "vxr500"

 Pulse 60.0 degrees
 Acq. time 4.096 sec
 Width 8000.0 Hz
 97 repetitions
OBSERVE   H1, 499.4322650 MHz
DATA PROCESSING
 Line broadening 0.3 Hz
FT size 65536
Total time 8 min, 45 sec
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