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Facile Enantiodivergence of meso-1,3-Diacyl-2-imidazolidinones to

Chiral 2-Imidazolidinone Auxiliaries
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Abstract: The enantioselective monodcacylation of meso-1,3-diacetyl-2-imidazolidinones, by
treatmenmt with the lithium salts of sterically constrained NN - dimethylaminoalcohol gives
1-acetyl-2-imidazolidinones in 89% ee. The latter compounds serve as good precursors for efficient
chiral auxiliaries. @ 1998 Elsevier Science Ltd. All rights reserved.

Chiral 2-imidazolidinones, as well as 2-oxazolidinones,! which are widely used as chiral auxiliaries, hold
: crmsmion lanaiies AF thais kol ceobiiliel b oo et el D v analaoy with the nsrenaration of the
considerable promise, because of their high stability and versatility.> By analogy with the preparation of the

tricyclic 2-oxazolidinones (1a3, b3b) which we previously developed as excellent chiral auxiliaries, a similar
type of chiral 2-imidazolidinone skeletons (2a, b), which are conformationally rigid and sterically congested,
have been found to be readily formed by the smooth cycloaddition of the simple heterocycle, 2-imidazolone,* to
the anthracenes, followed by facile optical resolution with the aid of MAC-acid.> Thus, the synthetic
procedures employed for the chiral 2-oxazolidinone auxiliaries (1a, b) are quitc applicable to the facile
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1a R=H : DHAOX o} 2a R=H : DHAIm
1b R=Me : DMAOXx 2b R=Me : DMAIm
This paper describes an alternative and somcwhat simple route to such optically active 2-imidazolidinones

(2a, b) which serve as highly potent chiral auxiliaries. The method involves, as a key siep, the chemically
efficient discrimination between two enantiotopic acyl groups of meso-1, 3-diacyl-2-imidazolidinones (3a. b)

which are highly susceptible to monodeacylation with mild bases, such as cesium carbonate and aliphatic

amines.

ylene was heated at 130 °C to give the !, 3-diacetyl-2-imidazolidinones (3a, h)6 in 69-93% yield.
0040-4039/98/$19.00 © 1998 Elsevier Science Ltd. All rights reserved



Monodeacetylation of the meso-compounds thus obtained proceeded smoothly in the presence of tertiary
amines at 0°C with a high level of enantiosclection on trcatment with the lithium salts of chiral
dimethylaminoalcohol 4,7 which is primarily characterized by its steric congestion and conformational rigidity

(Scheme 1).
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Scheme 1

Compound 4 (eq.) Base (eq.) Additive (eq.) Temp., Time Yield (%) §5:6b) Gee
3a (1.D BuLi (1) none 0°, 1h 60 21 35
3a (1.1 BuLi (1) THF (solvent) 0°C,1h 73 4:1 63
3a {(i.1) BuLi (i) quinuchidine (i0), LiF (0.55) G°C,1h 70 10:1 82
3a (L.1) BuLi (1) TED® (10), LiF (0.55) 0 °C, 10 min 47 17:1 89
3a (2.2) BuLi (2) TED (20), LiF (1.1} 0°C 1 h g3 15:1 88
3b (1. BuLi (1) TED (10). LiF (0.55) 0°C, 13 hd 95 10:1 82
3a (1.0)  ZnEt, (1) none 100°C, 4 h 60 1:4 62
3a {(i1.0) ZnMe, (1) none 100°C, 4 h 85 1:6 67

a) The reaction was performed in toluene. b) Determined by HPLC. ¢) TED : 1 4-diazabicyclo[2.2.2)octane. d) Performed in

toluene-CH,CL (3 : 1).

A solution of the meso-compound 3a was treated with the lithium alkoxides, generated in situ from BuLi
and a slight excess of dimethylaminoalcohol 4 in toluene at 0 °C to give monoacetyl derivative 5a with 35% ee
in addition to the acetate of 4. The selectivity of this reaction could be improved up to 63% ee by the use of
THF as solvent. Among the additives explored, including metal salts and tertiary amines, the combination of
LiF and cyclic tertiary amines such as quinuclidine and TED in toluene solvent was the most effective for
enhancing enantioselectivity, as summarized in Thus, under optimal conditions using TE
reaction gave enantiomer 5a8 in 88-89% ee, which was readily purified by a single recrystallization. In a
similar manner, the more bulky dimethylanthracene-based imidazolidinone 3b was also smoothly
monodeacylated to give an excellent yield of 5b8 in 82% ee, followed by a recrystallization to give the optically
purc forms. The absolute stereochemistry was unequivocally verified by chemically correlating 5a and §b with
the N-MAC-imidazolidinones 7a and 7b, res

Interestingly, a reversal of stereoselection in the enantioselective monodeacylation of 3a was observed
when dialkylzinc agents were used in place of Bul.i, and enantiomer 6a was obtained with a moderate

enantioselectivity of 67% ee.



The use of (+)-cinchonine and (-)-cinchonidine in piace of 4 resuited in monodeacylation with much fower

level of enantioselection (20-30% ee).
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The present mcthod provides a practical route for good precursors of chiral 2-imidazolidinone auxiliaries.
Thus, the N-methyl (8a) and N-tosyl-2-imidazolidinones (9a, b),!0 which were readily obtained from 5a and
5b, served well as cxcellent chiral auxiliaries, as is shown for a series of reactions (Tables 2 and 3).

The N-acylated compounds (10a-d and 13a-e) were derived from the 2-imidazolidinone auxiliaries (8a and

Table 2. Diastereoselective Diels-Alder Reaction of N-Crotonyl and N-Acryl-2-imidazolidinones with Cyclopentadiene

m 4R @ Lewis acid hsﬁz I&-IRZ

N e — 7 + {8
u’; Ao CH2Cliz, 30min Z Jori NX ﬂo\z N
R
10a-d 1 ita-d i2a-d
Compound : R, R Lewis acid (eq.) Temp. (°C) Yield (%)  Sendo: Sexot) 11: 128
10a Me Me ELAICI (1.4) =300 72 41 : 1 40 : 1
i6b Tos Me ELAICTH (1.4) -78 98 86: 1 26: 1
10c¢ : Me H Et,AICI (1.4) -78 98 74 : 1 >500: 1
10d Tos H Et,AICI (0.3) -78 97 4301 17:1
10d Tos H BF;-OFt, (0.3) -8 97 4601 12:1
a) Determined by HPLC. b) The reaction was extremely sluggish at -78 °C
Table 3. Diastereoselective Alkylation of N-Propionyl and N-Butyryl-2-imidazolidinones via Enolates
R
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NSO
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13a-e 14a-e 15a-e
Compound : R, R, R, RX Yicld (%) 14:153)
13a H Me H CH,=CHCH,Br 99 10:1
13b : H Tos H CH,=CHCH,Br 80 160 : 1
13c¢ : H Me Me CH,I 80 2:1
13d : H Tos Me CH.,I 73 9:1
13e") . Me Tos Me CH,I 46 89 .1




9a, b) by smooth acylation with the appropriate acid chlorides.

In the Diels-Alder reaction with cyclopentadiene (Table 2), the N-tosyl-2-imidazolidinones (10b, d) were
generally more reactive than the NV-methy! derivatives (10a and ¢) which required higher reaction temperature
(above -30 °C). Thus, the reaction with 10d smoothly proceeded even in the presence of 0.3 equimolar

amounts of Lewis acids, while the corresponding 2-oxazolidinone derivative was found to be much less

In the alkylations (Table 3), the N-tosyl auxiliaries (9a and b) were much superior in enhancing
diastercoselectivity to the N-methyl compound (8a). It is noteworthy that diastereoselectivity appears to be
highly dependent on the N-substituent groups of the 2-imidazolidinone auxiliaries, as suggested.

Mechanistic details should await further study.

References and Notes
l. For reviews, see : a) Evans, D.A. Aldrichimica Acta, 1982, 15, 23. b) Ager, D.J. ; Prakash, I. ; Schaad. D.R. Chem.
Rev. 1996, 96, 835. ¢) idem, Aldrichimica Acta, 1997, 30, 3.
2. For recent examples, see : a) Powers, T.S. ; Iiang, W.; Su, J. ; Wulff, W.D. ; Waltermire, B.E. ; Rheingold, A.L. ; J.

™ Tosse

1004 110} £470Q « DC Tt e
N ITCHa, L. lCU‘all((lI()N LL’H

san: e W Y DIIR & PRSI e
1eri. SOC., 273 I, 117, U%390. U‘ van l_lCt,lUI:ll r.s. , pcZuuch
R
s}

3 a) Mat\__maga‘ H. ; Kimura, K. ; Ishizuka, T. ; Kunieda, T. Tetrahedron Lerr., 1991, 32 7715 b) Kimura, K. ; Murata,
K. ; Otsuka, K. ; Ishizuka, T. ; Haratake, M. ; Kunieda, T. Tetrahedron Letr., 1992, 33, 4461.

4. Wang, P. C. Heterocycles, 1985, 23, 3041. \]g

5. The optical resolution was readily achieved via facile separation of R \( QJOME
the diastereomeric N-MAC derivatives, 16 and 1 7. mow ATN‘QOO
For optical resolution of 2-oxazolidinones using (+)-MAC acid, see : R /N;QO - _3H
Ishizuka. T. ; Kimura, K. ; Ishibuchi, S. ; Kunieda, T. Chem. Lett., N ° =
1992, 991, 16a.b (a: R=H, b : R=Me) 17a,b

6. 3a :mp 216-217°C (from CIL,CI,-EtOH), 'H-NMR (400MHz / CDCl,) 6 2.37 (6H, s), 4.45 (2H, t, I=1.5H7),
7. H -7.43 (2H, m).
3b : mp 260-261°C (from CH,Cl,-EtOH), 'H-NMR (400MHz/ CDCl,) 0 : 1.93 (6H. s), 2.39 (6H, s). 4.63 (2H. s).

7.23-7.43 (8H, m).

Kimura, K. ; Sugiyama, E. ; Ishizuka, T. ; Kunicda, T. Tetrahedron Lett., 1992, 33, 3147.
Sa - mp 244-245°C (from EtOH), [a],”-122.4° (¢ 1.00, CHCL,), 'H-NMR (400MHz / CDCl,) 6 : 2.35 (3H, s).
3.95 (1H, dd. J=3.3. 9.5Hz), 4.35 (IH, d, J=3.3Hz), 4.57 (1H, dd. J-2.9, 9.5Hz), 5.11 (1H, d, J-2.9Hz), 5.50 (1H, s),
7.15-7.31 (7TH. m), 7.41-7.43 (1H, m).

5b : mp 234-235°C (from MeOH), [at],™-165.2° (¢ 1.00, CHCL,), "H-NMR (400MH./ CDCL,) 4 : 1.92 (3H. s).
1.94 (3H.s). 2.41 (3H, s), 3.72 ({H, d, J=9.2H7), 4.66 (I1H. d, J=9.2Hz). 5.23 (1H. s). 7.20-7.42 (8H. m}.

9. We are much indebted to Research Laboratories, Yoshitomi Pharmaceutical Industreis, Ltd., Fukuoka, Japan. for the X-ray

5.06 (2H, mj), 7.15-

analysis.
X-ray crystal data for 7a [(mp 121-122°C (from Hexane), (o], -22.6° (¢ 1.00, CHCL,)] : CiHyN-O8, monoclinic. C2.

a=27.705(2) A, b=7.967(2) A, c=25.057(2) A, /_1:|i/bi(|) L, V=4901(1) A Z=4, y=0.585mm"'. R=0.054.

-n

/D

R4 ‘\EI Py [S el ‘ ncc (c1 FaYa Pl S Fall

(mp 255-2 {from CH,Cl.-Hexane), [UJD -15.5° (¢ 1.00, CHC1,)] : C,;H N,O.S, orthorhombic. P

{{ °C
a=12.599(2) A, b=23.557(2) A, (—|07|8(HA V= 751309(7)!\.2‘4 u—l 24mm’', R=0.039.

~
nic ¢o

10.  8a: mp 284-285°C (from CH,Cl,-Hexane), [0(1,,1“-6.9" (¢ 1.02, MeOH). 9a : mp >300°C (from CH,Cl,-EtOH).
[o],7+107.2° (¢ 0.50. McOH). 9b : mp 170-171°C (from Et,0), [at], +135.6° (¢ 1.00, MecOH).

1l. a)Evans, D.A. : Chapman, K.T. ; Bisaha, ). J. Am. Chem. Soc., 1988, 170. 1238. b) Kishikawa, K.. Yamamoto. M..
Kohmoto, S.. Yamada. K. /. Org. Chem.. 1989. 54, 2428,



