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ABSTRACT
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¢ After recrystallization.

(a) -78 °C to rt, overnight, toluene. (b) 10% HCI, rt, 1 h.

Chloral or its hydrate undergoes the carbon—carbon bond-formation reaction with various optically active imines in the absence of any additive,
followed by hydrolysis, to produce the corresponding S-trichloromethyl-g-hydroxy ketones in good yields with high enantioselectivities. In
addition, the products with higher ee values were obtained by a simple recrystallization process.

The asymmetric synthesesaitrichloromethyl alcohols are  ketones, which completely rely on the reaction of enantiopure
of great importance in organic synthesis, because thisp-trichloromethyl-S-propiolactone’®

skeleton is one of the most versatile precursors for the We describe here a reaction of chloral with various chiral
synthesis of various enantiopure organic molecules such agmines in the absence of any additives, which provides the
a-hydroxy?! a-amino? and a-fluoro acidé and monosub- first practical, simple, and asymmetric entryAdrichloro-
stituted oxirane$.In particular, optically actives-trichlo- B-hydroxy ketones (Scheme 1).

romethylS-hydroxy phenyl ketone (4,4,4-trichloro-3-hydroxy-

1-phenyl-1-butanone) is a promising chiral building block _

for the asymmetric synthesis of enalapril, which is an Scheme 1. Asymmetric Synthesis of
angiotensin-converting enzyme (ACE) inhibifsrHowever, p-Trichloromethyl-3-hydroxy Ketonés
to the best of our knowledge, there are only a few reports o} OH NR! OH O

a,b
on the asymmetric synthesis @ftrichloromethyl-hydroxy Cle” H O 0130*01-1 + )J\Rz - CI3C/'\/U\R2
1a 1b 2 3

(1) Corey, E. J.; Link, John Orletrahedron Lett1992,33, 3431.

(2) (a) Corey, E. J.; Link, J. Ql. Am. Chem. S0d.992,114, 1906. (b) a(a) Various conditions. (b) 10% HCI, rt, 1 h.
Mellin-Morliere, C.; Aitken, D. J.; Bull, S. D.; Davies, S. G.; Husson, H.-
P. Tetrahedron: Asymmetr2001,12, 149. (c) Tennyson, R. L.; Cortez,
G. S.; Galicia, H. J.; Kreiman, C. R.; Thompson, C. M.; Romo,ddg.

Let(té)ZggZ_A_, 53/3;. b Oliver 1. E. W & M. Panicker. S Nichol The reaction oflawith an equimolar amount of the imine

rimian, A. P.; ver, J. E.; Waters, R. M.; Panicker, S.; Nicholson, . .

J. M Klun, J. A.Tetrahedron: Asymmetry996,7, 37. 2a, derived from acetophenone arR)-1-phenylethylamine,
(4) Corey, E. J.; Helal, C. Jetrahedron Lett1993,34, 5227. in hexane at room temperature for 1 h, followed by

10.1021/0l034461b CCC: $25.00  © 2003 American Chemical Society
Published on Web 05/16/2003



Table 1. Screening of the Reaction Conditiéns

entry R solvent temp (°C) time (h) yield (%)P (S:R)® ee¢
1 (R)-1-PhCH(Me)— hexane rt 1 79 80.1:19.9 60.2
2 (R)-1-PhCH(Me)— hexane 0 3 83 86.9:13.1 73.7
3 (R)-1-PhCH(Me)— hexane —78tort overnight 72 85.2:14.8 70.4
4 (R)-1-PhCH(Me)— CHCl; 0 3 74 76.1:23.9 52.2
5 (R)-1-PhCH(Me)— CHCl, —78tort overnight 59 82.8:17.2 65.6
6 (R)-1-PhCH(Me)— Et,0 0 3 48 78.2:21.8 56.4
7 (R)-1-PhCH(Me)— Et,O —78tort overnight 53 87.3:12.7 74.6
8 (R)-1-PhCH(Me)— toluene 0 3 79 84.8:15.2 69.6
9 (R)-1-PhCH(Me)— toluene —78tort overnight 64 90.2:9.8 80.4
10 (R)-1-(c-Hex)CH(Me)— toluene —78tort overnight 36 67.7:32.3 35.4
11 (R)-1-(1-Nap)CH(Me)— toluene —78tort overnight 77 96.1:3.9 92.2

a All reactions were carried out with chlordh (1 mmol) and chiral imin€ (1 mmol) derived from acetophenone?[R Ph) in solvent (4 mL)® Yields
of isolated products: Determined by HPLC analysis with a DAICEL CHIRACEL OD column (hexafeOH = 95/5).

hydrolysis, gave 4,4,4-trichloro-3-hydroxy-1-phenyl-1- _

butanone (3a) in 79% yield with 60.2% ee (Table 1, entry Table 2. Enantioselective Synthesis of Various
1). The results of these reactions under various conditionsp-Trichloromethyl-3-hydroxy Ketones?

are summarized in Table 1. yield
To improve the enantioselectivity, the reactions were entry 1 imine R2 product (%)° (S:R)®  eec
examined at lower temperatures such &€mr —78 °Q to . 1a_ 2c Ph 2a 7 95.139 922
room temperature. The produB8a was produced with a 2 la 2d 4-CICeHq 3b 76 94852 896
higher enantioselectivity when the reactions were performed 3 15  2¢  4-MeOCeHs 3¢ 51 92476 848
from —78 °C to room temperature overnight, exceptforthe 4 1a 2f  2-thienyl 3d 45 90.3:9.7 80.6
use of hexane as the solvent (entries92. Among the 5 la 2g c-Hex 3e 56 94.0:6.0¢ 88.0¢
examined solvents such as hexane,,Chl EtO, and 6 la 2h tBu 3f 40 90.4:9.6° 80.8¢
toluene, employing toluene gaBa in 64% yield with the 7 1b 2c Ph sa 80 93961 878
highest selectivity (entry 9). The treatment Td with an 8 b 2d  4-ClCH, 3b 60 92377 846
imine 2b, derived from (RR1-cyclohexylethylamine, resulted 9 1b2e 4-MeOCH. 3¢ 3 90991 818
' ' 10 1b 2g c-Hex 3e 34  95.0:5.0¢ 90.0¢

in a significantly decreased yield as well as selectivity (entry
; imPoavi a All reactions were carried out with chloréh (1 mmol) or its hydrate
10)' Onthe contrary, when the reaction (_)f the i ith 1b (1 mmol) and chiral imine2 (1 mmol) derived from R)-1-(1-
the (R-1-(1-naphthyl)ethyl group was carried out, the product naphthyl)ethylamine in toluene (4 mL) from78 °C to room temperature
3a was obtained in 77% yield with the highest enantio- overnight.” Yields of isolated products.Determined by HPLC analysis
lectivity (S'R= 96.1:3.9). t th ith th f with a DAICEL CHIRACEL OD column (hexanePrOH = 95/5). 9 After
selectivity (S:R= 96.1:3.9), together wi € recovery Ol penzoylation of3, the isomer ratios were determined by HPLC analysis

(R)-1-(1-naphthyl)ethylamine (76%) (entry 11). with a DAICEL CHIRACEL OD column (hexanePrOH = 95/5).
Table 2 summarizes the reactions of chlotal or its
hydratelb with various chiral imine® derived from R)- The treatment of chloral hydraté in place of chloralla

1-(1-naphthyl)ethylamine under the optimized conditions. iin imines2c—e,g gave moderate to good yields (380%)
Chiral imines2d—f, prepared from aromatic methyl ketone = of ketones3a—c,ewith good enantioselectivities (entries
derivatives with 4-chloro- or 4-methoxy-substituted phenyl 7—10). Compared with the reaction of chloral, most of the

groups as well as a thienyl one, smoothly underwent a gnantioselectivities of the products were slightly lower.
reaction withlato produce the correspondirijtrichloro- The absolute configurations &a,c can be assigned as
methyl-j-hydroxy ketoneSb—f in good yields with high  (s). py comparison with the reported values of the optical
enantioselectivities (entries 2—4). The reaction of chiral (gtations® The configurations of the other produ@b,d—f
imines2gh carrying ac-hexyl andtert-butyl group, respec-  should be the same, since their optical rotations equally

tively, also gave the corresponding aliphatic ketoegin showed a negative value. The reaction may proceed via the
56 and 40% yields with good enantioselectivities, respec- enamines, which are tautomers of the imiteblowever,
tively (entries 5 and 6). the mechanism for the diastereoselective cartmarbon

, , — bond-forming reaction leading to the enantioselective forma-
(5) Fujisawa, T.; Ito, T.; Fujimoto, K.; Shimizu, M.; Wynberg, H.;

Staring, E. G. JTetrahedron Lett1997,38, 1593. tion of 3 is not clear at this time.
(G)hFc()jr another recent example, see. Huffman, M. A,; Reider, P. J.  The reaction of acetaldehydewith chiral imine 2a did
Tetrahedron Lett1999,40, 831. ;
(7) Fujisawa, T.; Ito, T.; Nishiura, S.; Shimizu, Metrahedron Lett. not proceed at all, and acetophenone was recovered in
1998,39, 9735.
(8) Shimizu, M.; Ishii, K.; Fujisawa, TChem. Lett1997, 765. (10) (a) Jabin, I.; Revial, G.; Monnier-Benoit, N.; Netchitailo JPOrg.
(9) For the reaction of chloral with achiral enamine leading to the racemic Chem.2001, 66, 256. (b) Arend, M.; Risch, Mngew.Chem.,Int. Ed.
[-trichloro5-hydroxy aldehyde, see: Brannock, K. C.; Burpitt, H. E.; Davis, 1995,34, 2639. (c) Pfau, M.; Revaial, G.; Guingant, A.; d’AngeloJJ.
H. E.; Pridgen, H. S.; Thweatt, J. B. Org. Chem1967,29, 2579. Am.Chem.Soc.1985,107, 273.
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Table 3. Recrystallization of the Obtaine@t Trichloromethyl-3-hydroxy Ketone8

entry R2 3 solvent (mL/g of 3) ee? of parent compd ee? of crystal ee? of mother liquor
1 Ph 3a hexane (60) 91.6 >99.9 (61)° 66.8 (15)°
2 4-MeOCgHa4 3c hexane (120) 84.8 85.3 (61)° 87.4 (6)°
3 4-MeOCgHa4 3c hexane:AcOEt = 50/3 (90) 83.2 98.6 (55)° 55.0 (25)°
4 4-CICgH4 3b hexane:AcOEt = 50/3 (90) 92.6 4.6 (3)° 98.2 (70)P
5 2-thienyl 3d hexane:AcOEt = 50/3 (90) 77.0 70.2 (44)b 95.4 (54)P
6 c-Hex 3e hexane (90) 86.2° 85.6° (5)° 86.2¢ (83)°

aDetermined by HPLC analysis with a DAICEL CHIRACEL OD column (hexafeOH = 95/5).° Values in parentheses stand for the recoverg.of
¢ After benzoylation of3e, the isomer ratio was determined by HPLC analysis with a DAICEL CHIRACEL OD column (héekaeA = 95/5).

quantitative yield. Furthermore, the treatment of freshly enantioselectivity. Furthermore, the ee values of these
prepared ethyl glyoxylat® or commercially available methyl  products can be improved by a simple recrystallization
2-hydroxy-2-methoxyacetate (6) witkc gave ethyl 1-hy- method. We believe that this reaction provides the first simple
droxy-3-ox0-4-phenylpropanatéd) in 36% yield with only and practical route to the enantioenrickiettichloromethyl-
9.8% ee or methyl 1-hydroxy-3-oxo-4-phenylpropandt® (  S-hydroxy ketones. Further studies on the catalytic version
in 44% yield with only 1.6% ee. of this reaction are now in progress.

To obtain the enantioenriched title compourdjsimple
recrystallization was carried out as shown in Table 3. The  Acknowledgment. This work was partially supported by
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In conclusion, the reaction of chlorah or its hydratelb
with various chiral imines2 proceeded smoothly in the  sypporting Information Available: Experimental details
absence of any additives to give the corresponfirig- and characterization data fata—h, 3a—f, and 6. This

chloromethyl-f-hydroxy ketone3in good yields with high  material is available free of charge via the Internet at
http://pubs.acs.org.
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