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Unlike chiral catalysts, chiral auxiliaries are used stoichio-
metrically since they allow for asymmetric induction by
modifying the structure of the substrate molecule. Thus not
only the efficiency of auxiliary is important for the econom-
ics but also the molecular weight of the chiral auxiliary. A
“bifunctional chiral auvxiliary™, in which a chiral auxiliary
bearing two stereogenic centers is attached to two reactive
side chains, will provide an elegant means for minimizing
the amount of the auxiliary required. Recently Davies et al.
reported! ® a novel series of highly effective bifunctional
chiral auxiliaries, homochiral [.3-diacylimidazolidin-2-ones
1. which possess Ca-symmetricity and bifunctionality, reduc-
ing the effective molecular mass.” The compounds 1 were
synthesized by thionation of chiral diamines with CS., fol-
lowed by acylation and finally, by dethionation with mer-
cury acetate (I[), whereas the direct synthetic route to 1,3-
imidazolidin-2-ones 2 by carbonylation of chiral diamines
with phosgene or phosgen equivalents was failed (Scheme 1).7

In context with our study of the utilization of industrial
waste material, we used the enantiomerically pure com-
pound 3 for the synthesis of (>-symmetric 1,3-imidazolidin-
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Figure 1. Crvstal structure ot 3.

2-ones 2 as bifunctional chiral auxiliaries. The compound 3
could be obtained as a chiral waste material in the synthetic
process of D-Biotin. We first determined the structure of 3
by spectroscopic and X-ray crystallographic analyses (Fig-
ure 1).

The following simple sequence {Scheme 2) was success-
fully employed to convert the waste material 3 into novel
bifunctional chiral auxiliaries. 4.5-disubstituted-1.3-imida-
zolidin-2-ones 2a and 2b. The acid-alcohol 3 underwent
esterification with CH;OH-TMSCI to afford the ester-alco-
hol 4 in nearly quantitative vield. Reduction of ester-alcohol
4 with LiBH, afforded the diol 5 in 95% yield. Methyvlation
of 5 gave 1,3-dibenzyl-4.5-bis{methoxymethyl)imidazoli-
din-2-one 6. which was debenzylated with Na in NH; to
afford 4.5-di(methoxymethy|)-[.3-imidazolidin-2-ones (2a)
in 75% vield. 4,5-Dimethyl-1.3-imidazolidin-2-one (2b) was
also easily prepared by the reaction of diol 5 with dimethyl-
sulfamoy! chloride, and subsequent treatment with Na in
NHz. The utility of 1,3-imidazolidin-2-ones 2a and 2b as
efficient bifunctional chiral auxiliaries was already illus-
trated by Davies and coworkers in the asymmetric aldol and
alkylation reactions.'

[n summary, we have synthesized novel bifunctional chiral
avxiliaries 2a and 2b having low effective molecular mass
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Scheme 2. Reagents and conditions: (i} TMSCL MeOH. 95% (ii)
LiBI L. THE, 96%. (i) Nall, CH;l, DML, 96% (iv) Na/NH,. THE,
=78 °C. 71%. (v) Nal . DME. Me:NSO:CLL 88% (vi) Na/NH ;. TTHE,
-78+¢C. 33%.



Notes

(EMM=87 and 37. respeetively) in four steps starting from a
chiral wasic 3 which could be obtained as a byv-product in
the industrial synthetic process of D-biotin.

Experimental Section

General. Chromatographic purification of products was
carricd out using Merck silica gel 60 (230-300 mesh). Mcli-
ing points were measured with a Thomas Hoover capillary
mclting point apparatus and were uncorrecied. Optical rota-
tion was mcasured on a AUTOPOL* 111 polarimeter
(Rudolph Rescarch). '"H NMR (300 MHyz) and “C NMR
(75.0 Hz) spectra were recorded on a Varian Gemini 300
spectrometer using TMS as an internal standard. [R spectra
were recorded on a MIDAC 101023 FT-IR spectrometer and
main absorption frequencics were given in cm . Elemental
analvscs were performed at Advanced Analyvtical Rescarch
Center in KIST using Perkin Elmer 240 C clemental ana-
Iyzer,

(4S,55)-1.3-Dibenzyl-5-(hydroxymethyl)-2-oxoimida-
zolidine-4-carboxylic acid 3. The homochiral compound 3.
which could be isolated as a by-product in the industrial syn-
thetic process of D-Biotin. was gencrously gified by [-Sung
Chemical Co. in Korca. Single cryslals suitable lor X-rav
crystallographic structure analvsis were oblained by recrys-
tallization from aqucous methanol.

m.p. 157 «C (McOH-H:0. 95 : 5): o)) -7.63 (¢ 1.016.
E1OH): IR (KBr) 3346, 1704. 1674, 1468, 1265. 743. 696
¢m 2 '"H NMR (300 MHz. CDCIs+DMSO-d) & 7.4-7.2 (m.
10H). 5.07 (d. /=133 Hz 1H). 480 (d. .= 15.6 Hz. 1H).
423 (d../=12.8 Hz TH). 418 (d..J = 12.4 Hz. 1H). 3.87 (d.
J =357 Hz TH). 3.65-3.49 (m. 3H): '*C NMR (75.0 MHv.
CD,0OD) & 173.74. 161 .87. 138.10. 137.67. 129.75. 129.56.
12922, 128 87, 128.69. 61.23. 539.18. 57.62. 47.42. 46.28.
Anal. Calcd for C[g;H’_‘(IlN:O.;‘H:OI C. 63.67: H. 6.18. N.
7.81. Found: C. 63.9: H. 6.30: N. 7.86.

Crystal data of 3. C9H2:N-Os (CoHaN-O4-H-0). mon-
oclinic. P2, a=6.7925(8). b= 13.809(2). ¢ = 10.174(2) A.
B=T10748(1)1. V=9102(2) A%, Z=2. D= 308 glem®.
F(000) =380. (MoKy)=0.71073 A, 1324 Indcpendent
reflections with T/g(I)> 2.0 arc used on the analysis.
R = 00.036. Data flor crystallographic analysis were measurcd
on an Enral-Nonius CAD-4 diflractometer using Mo radia-
tion and -2 scans 1n the range of ©: 2.10 <8 < 24.96. Struc-
ture was solved by dircct methods and relined by least
squarcs using (h¢ SHEL-X,

(45,58)-Mcthyl  1,3-dibenzyl-5-(hydroxymethyl)-2-
oxoimidazolidine-4-carboxylate 4. To a sitirred solution of
3 (1.0 2. 29 mmol) in McOH (10 mL) was added TMSCI
(1.10 mL. 8.7 mmol) at room tecmperature. After stimng for
24 hr at room (emperature. the reaction was quenched by
addition of walcr. The McOH was removed in vacuo and the
resulting residuc was extracted with E1tQAc (3x10 mL). The
combined organic phasc was dnied over MgSO; and cvapo-
rated. The crude product was recrystalhized from Et-O to
give 4 (0.98 g. 93%) as a white solid. m.p. 102 *C: [alfs
-23.72 (¢ 1.016. CHCI,): IR (KBr) 3317. 1743. 1677. 1470,
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1452, 1221. 701 ¢cm ' 'H NMR (300 MHz. CDCl3) & 7.4-
7.2 (m. 10H). 492 (d.J = 15.5 Hz 1H). 4.69(d. /= 15.5 Hx.
1H). 4.29 (d. /= 15.5 Hz. 1H). 422 (d.J =155 Hz 1H).
3.39 (s. 3H). 3.64-3.43 (m. 3H): “*C NMR (75.0 MHz.
CDCl3) 8 17099, 160.02. 137.19. 136.25. 128.86. 128.63.
12835 127.88. 127.74. 127 .64, 61.00 (m). 38.01 (m). 56.88.
56.48.52.49 (m). 47.11 (m). Anal. Caled for C2H2-N-Qy: C.
67.78. H. 6.25. N. 7.90. Found: C. 67.7: H. 6.30: N. 7.806.
(48,58)-4,5-Bis(hydroxymethyl)- 1,3-dibenzylimidazoli-
din-2-one 5. To a stirred mixture of LiBH, (0.08 g. 3.08
mmol) in THF (10 mL) was added a solution of 4 (.87 g.
2.43 mmol) n THF (6 mL) at room temperature. The reac-
tion mixturc was refluxed for 12 hr. and the reaction was
quenched at room temperature by addition of 3N HCI (2
mL) and water (3 mL). subscquently. The organic laver was
scperated and the aqueous phase was extracted with CH-Cl:
(3x10 mL). The combined organic phasc was dricd over
MgSQ; and cvaporated in vacto. Recrystallization of the
crude product from Et-O gave 5 (0.77 2. 96%) as a whitc
solid. m.p. 142 °C: |ex]I§ +26.08 (¢ 0.460. EtOH): IR (KBr)
3391, 1636. 1507, 1436, 742. 702 cm . "TH NMR (300 MHz.
DMSO-dg) § 7.4-7.2 (m. 10H). 4.83 (1../ = 5.1 Hz. 2H). 4.70
(d../=15.6 Hz. 2H). 4. 14 (d. ./ = 15.6 Hz 2H). 3.5-3.3 (m.
4H). 3.22 (m. 2H): “C NMR (75.0 MHz. DMSO-d;) &
13982, 137.90. 128.35. 127.53. 126.92. 60.73 (m). 56.03
(m). 44 80 (m). Anal. Caled for CoH:N-O5: C. 69.91: H.
6.79: N. 8.38. Found: C. 69.7. H. 6.82: N. 8.33,
(4S,58)-4,5-Bis(mcthoxymethyl)-1,3-dibenzylimidazo-
lidin-2-one¢ 6. Sodium hydride (60% dispersion in mincral
oil) (0.32 . 8.0 mmol) was added to a solution of 5 (0.65 g.
2.0 mmol) in DMF (10 mL) at room temperature and the
rcaction mixture was stirred for 1 hr. lodomethane (1.00 mL.
16.0 mmol) was added at ambicnt temperature. After stirring
for 4 hr. the rcaction was quenched by addition of saturated
aqucous ammonium chloride solution. The mixture was
cxtracted with EtOA¢ (3x10 mL) and the combined organic
layers were dricd over MgSO,. Aller evaporation of the sol-
vent in vacro. the crude product was purificd by column
chromatography on silica gel (hexanc : ElQAc=2:1) to
give 6 (0.68 g. 96%) as a pale vellow oil. [aly +16.60 (¢
0.747. CHCI,): IR (ncat) 2928. 2881, 1684, 1430 ¢cm . 'H
NMR (300 MHz. CDCly) 8 7.4-7.2 (m. 10H). 4.82 (d.

J =154 Hz 2H). 423 (d. .J =154 Hz 2H). 3.32-3.23 (m.

6H). 3.18 (s. 6H). 3C NMR (75.0 MH~. CDCl:) & 160.33.
137.82. 12845, 128.13. 127.24. 73.24. 3897. 3534, 46.33
(m).

(48,58)-4,5-Bis(mcthoxymethyl)imidazolidin-2-one 2a
A solution of 6 (0.71 g. 2.0 mmol) in THF (20 mL) was
added dropwisc to a saturaled solution of NH; in THF (13
mL) at -78 °C. Sodium metal (0.41 g. 18.0 mmol) was added
and the reaction mixture was stirred until bluc color disap-
pearcd. The rcaction was quenched by addition of sohd
ammomum chlonide (0.97 g. 18.1 mmol) and stirring contin-
ucd for 2 hr. The excess of ammonia and THF were ¢vapo-
rated in vacuo. The white residuc was extracled with
mcthylene chlonde by soxhlet extractor. Afier cvaporation
of solvent. the crude product was reerystallized from cthyl
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cther/hexane = 1/1 1o give 2a (0.23 g. 71%) as a whitc solid.
mp. 103 °C: o)y +108.72 (¢ 1.021. CHClLy): IR (KBr)
3233, 1703, 1463, 1141, 1092 ¢cm . 'H NMR (300 MHz.
CDCl5) & 3.58 (sym.m. 2H). 3.40-3.30 (m. 4H). 3.37 (s. 6H):
13C NMR (75.0 MH., CDCl3) 6 163.18. 75.04.59.12.54.72.
Anal. Caled for C7HiN:Os: €. 48.26. H. 8.10: N. 16.08.
Found: C. 48.6. H.8.11: N. 16.10,

(45,58)-4,5-Bis| (dimethylamino)sulfonyloxymethyl)-
1,3-dibenzylimidazolidin-2-one 7. Sodium hydride (60%
dispersion in mincral ¢il) (0.38 g. 9.5 mmol) was added 10 a
solution of 3 (1.0 g. 3.06 mmol} in DMF (20 mL) at room
temperature and allowed to stir for 1 hr. N N-Dimcthylsulfa-
moy] chloride (0.99 mL. 9.19 mmol) was added at -5 °C and
the reaction stirred [or a further 4 hr before the reaction was
quenched by addition of saturated aqueous ammonium chlo-
ride selution. The mixture was extracied with cthy] acetate
(3x20 mL). The combined organic lavers were washed with
brine. dricd over MgSO4 and cvaporated i vactio. The crude
product was purified by column chromatography on silica
gel (hexane : EIOAc=2:1) 1o give 7 (1.45 g. 88%) as a
palc vellow solid. m.p. 93 °C: |5 -2.39 (¢ 1.003. CHCly):
IR (KBr) 1675, 1477. 1374. 1173, 964. 813 ¢cm : '"H NMR
(300 MHz. CDCl:) & 7.4-7.2 (m. 10H). 491 (d../ = 154 Hz.
2H). 4.15 (d. =134 Hv. 2ZH). 4.06 (dd. /=4.1. 11.0 Hz.
2H). 3.96 (dd. ./ =2.6. 11.0 Hz. 2H). 3.34 (m. 2H). 2.73 (s.
12H). *C NMR (75.0 MHz CDCl;) 8§ 139.38. 136.47.
128,92, 128.28. 127.86. 67.07 (m). 54.00 (m). 46.13. 45.87.
38.46 (m). Anal. Calcd for C-3HNO78:: C. 51.09: H. 3.96:
N. 10.36: S, 11.86, Found: C. 31.5: H. 6.04: N. 10.30: S.
11.60,

(4R,5R)-4,5-Dimcthylimidazolidin-2-one  2b. A solu-
tion of 6 (1.0 g. 1.85 mmol) in THF (25 mL) was added
dropwisc to a saturated solution of NH; in THF (20 mL) at
-78 °C. Sodium mectal (2.27 g. 98.74 mmol) was added in
small picces and the mixture was stirred until bluc color dis-
appearcd. The rcaction mixture was quenched by addition of
solid ammonium chloride (3.30 g. 99.12 mmol). The cxcess
of ammonia and THF were evaporated i vacue. To the resi-

Notes

duc was added CH-CL: (20 mL) and the organic layer was
scparated. The aqueous phase was extracted with CH-Cl..
The combined organic layvers were washed with brine. dricd
over MgSQy and evaporated i vacuo. The crude product
was purificd bv column chromatography on silica gcl
(MeOH : CHxCL: : EtQA¢ : n-hexane = 7.5 : 42.5 - 40 : 10)
to give 2b (0.07 g. 33%) as a whitc solid. Purilication of
crude product was also accomplished by recrystallization
from cthyl ether/ethyl acctate = 10/1. mp. 177 °C: [as
33.06 (¢ 0.755. CHCl;): IR(KBr) 3212, 1702 ¢cm ': '"H NMR
(300 MHz. CDCl3) 8 3.27 (sym.m, 2H). 1.12 (d./ =53 Hx.
6H): BC NMR (73.0 MHz, CDCL3) § 164.12. 56.20. 20,35,
Anal. Caled for CsH;pN-O: C. 52.61: H. 8§83 N. 2454,
Found: C. 32.8: H. 8.86: N. 23.70.
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