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of the neutral solution with methylene chloride yielded small
amounts of dark purple oils whose 'H NMR spectra indicated
extensive decomposition.

Methanol Adduct 1. 4(5)-Nitroso-5(4)-phenylimidazole (100
mg) dissolved in 50 mL of anhydrous methanol was allowed to
stand for 1 week. Removal of the solvent by rotary evaporator
and overnight drying in a vacuum desiccator over P,0; left a tan
solid, mp 80-100 °C dec. Anal. Caled for C;gH;;N;0,: C, 58.53;
H, 5.40; N, 20.47. Found: C, 56.60; H, 5.66; N, 20.21.

Isolation of Products from Aqueous Decomposition. 4-
(5)-Nitroso-5(4)-phenylimidazole (500 mg) was vigorously stirred
in 250 mL of 0.01 M HCI for 1 h, followed by removal of the
solvent by lyophilization. A portion of this was subjected to HPLC
separation using a Waters C-13 uBondapak reversed-phase
preparative column with detection at 254 nm and 40% aceto-
nitrile/60% water as eluting solvent. Solvents were removed from
separated samples by rotary evaporation and lyophilization.

Acidity Constant. A solution of 4(5)-nitroso-5(4)-phenyl-
imidazole (200 uM) in 0.002 M NaOH was mixed with an exactly
equal volume of various buffers and the absorbance at 364 nm
recorded. In the case of solutions with pH <6, extrapolation to
zero time was necessary because of the decomposition. The acidity
constant K, was calculated as the average of values of (4,4 —
A)[H*]/(A - Apgse) Where A, iq and Ay, are absorbances at pH
4 and 11, respectively, and A is the absorbance in the intermediate
range pH 6-8.

Kinetics. To 2.5 mL of an equilibrated aqueous solution at
25 °C was added 25 uL of an 0.02 M Me,SO solution of 4(5)-
nitroso-5(4)-phenylimidazole. The absorbance decrease at 365
nm was monitored. Rate constants were calculated by linear
regression as the slopes of plots of In (A — A.) vs. time.
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Recently, the use of actively fermenting bakers’ yeast
for the preparation of optically active building blocks in
the synthesis of natural products has increased.! It is
well-known that the reduction of 3-keto esters by actively
fermenting bakers’ yeast (Saccharomyces cerevisiae) af-
fords optically active 3-hydroxy esters.2® Although the
asymmetric reductions of a-keto esters with fermenting
bakers’ yeast were reported,’® no attempt has been made

(1) For example, see: (a) Mori, K.; Sugai, T. J. Synth. Org. Chem. Jpn.
1983, 41, 1044. (b) Oishi, T.; Akita, H. Ibid. 1983, 41, 1031. (c¢) Newton,
R. F.; Roberts, S. M. Tetrahedron 1980, 36, 2163. (d) Drian, C. Le;
Greene, A. E. J. Am. Chem. Soc. 1982, 104, 5473. (e) Hirama, M.; Uei,
M. J. Am. Chem. Soc. 1982, 104, 4251. (f) Fujisawa, T.; Itoh, T.; Nakali,
M.; Sato, T. Tetrahedron Lett. 1982, 26, 771.

(2) Sih, C. J.; Chen, C.-S. Angew. Chem., Int. Ed. Eng. 1984, 23, 570.

(3) (a) Seebach, D.; Sutter, M. A.; Weber, R. H.; Zuger, M. F. Org.
Synth. 1984, 63, 1. (b) Wipf, B.; Kupfer, E.; Bertazzi, R.; Leuenberger,
H. G. W. Helv. Chim. Acta 1983, 66, 485.

(4) Mori, K. Tetrahedron 1981, 37, 1341.

(5) (a) Zhou, B.; Gopalan, A. S.; VanMiddlesworth, F.; Shieh, W. R.;
Sih, C. J. J. Am. Chem. Soc. 1988, 105, 5925. (b) Shie, W.-R.; Gopalan,
A. S.; Sih, C. J. J. Am. Chem. Soc. 1985, 107, 2993.

for those of a,2-dioxocycloalkaneacetic acid esters 1-3.
This prompted us to investigate the reduction of 1-3 with
fermenting bakers’ yeast,” which would be expected to give
optically active a-hydroxy-2-oxocycloalkaneacetic acid
esters 4-6.

H
bakers’ yeast
COoR
EE— 04R
CH2IA (CHY
Ln=3 4, n=3
2,n=4 5 nzg
3,n=5 6, nN=5

a,2-Dioxocycloalkaneacetates 1-3 are readily available
from the reaction of the cycloalkanones and oxalic esters
in the presence of base.l® Treatment of 1-3 with fer-
menting bakers’ yeast at 32 °C gave optically active a-
hydroxy esters 4-6 as diastereomeric mixtures in fair yield.
The chemical yields, the ratios of threo and erythro iso-
mers, and the optical yields are tabulated in Table L.

The reaction proceeded regiospecifically to give only
a-hydroxy ester, and even a trace amount of 2-hydroxy-
a-0xo0 ester could not be detected. Diastereomers were
separated by either preparative HPLC, GLC, or column
chromatography. Determination of the optical purity was
established by conversion of each isomer to the corre-
sponding N-(3,5-dinitrophenyl)carbamate and then anal-
ysis by HPLC using an optically active column and/or by
!H NMR in the presence of the chiral shift reagent Eu-
(hfc)s.

Reduction of ethyl «,2-dioxocyclopentaneacetate (1)
yielded optically active ethyl «-hydroxy-2-oxocyclo-
pentaneacetate (4) in 74% yield as a diastereomeric mix-
ture of threo (aR,1S5) and erythro (aR,1R) isomers (2/3).
Reduction of ethyl «,2-dioxocyclohexaneacetates (2b)
showed better diastereoselectivity (threo/erythro = 9/1)
than that in the case of methyl ester 2a. To get the best
reaction conditions, the relative amount of bakers’ yeast
to the substrate 2b was varied, and the results are tabu-
lated in Table II.

The chemical yield and threo selectivity increased as the
ratio of the amount of yeast to 2b decreased. Although
immobilized bakers’ yeast improved enantiomeric excess
in the reduction of some a-keto esters,!'®* we found no
notable improvement in chemical yield and diastereose-
lectivity using immobilized yeast. Reduction of ethyl
a,2-dioxocycloheptaneacetate (3) with bakers’ yeast gave
the reduced product 6 in low diastereo- and enantiose-
lectivity.

The stereochemistry of the reduced products was de-
termined by analyzing the NMR spectra with reference
to the literature.’?* In 'H NMR spectra, the a-proton of
a threo isomer generally appeared at higher field than that
of the erythro one. In the 3C NMR spectrum of ethyl

(6) Ridley, D. D.; Stralow, M. J. Chem. Soc., Chem. Commun. 1975,
400.

(7) Doel, B. S,; Ridley, D. D.; Simpson, G. W. Aust. J. Chem. 1976, 29,
2459,

(8) Akita, H.; Furuichi, A.; Koshiji, H.; Horikoshi, K.; Oishi, T. Chem.
Pharm. Bull. 1983, 31, 4384.

(9) A part of the present work was preliminary communicated: Tsu-
boi, S.; Nishiyama, E.; Utaka, M.; Takeda, A. Tetrahedron Lett. 1986,
27, 1915.

(10) Syder, H. R.; Brooks, L. A,; Shapiro, S. H. Organic Syntheses;
Wiley: New York, 1943; Collect. Vol. 2, p 531.

(11) (a) Nakamura, K.; Higaki, M.; Ushio, K.; Oka, S.; Ohno, A. Tet-
rahedron Lett. 1985, 26, 4213. (b) Kierstan, M.; Bucke, C. Biotechnol.
Bioeng. 1977, 19, 3817.

(12) Evans, D. A; Nelson, J. V.; Vogel, E.; Taber, T. R. J. Am. Chem.
Soc. 1981, 103, 3099.
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Table I. Asymmetric Reduction of «,2-Dioxocycloalkaneacetic Acid Esters 1-3 with Fermenting Bakers’ Yeast

vield,® (aR,18)/(aR,1R) ee
ketone product % (threo/erythro) (aR,18) (aR,1R)
o 0 0 OoH 74 2/3 76 88
1 4
o 0 o oH 51 3/1 >95 >95
é/lkCOzCHa é)\cozc’*a
2a 5a
o 0 O OH 57 9/1 99 99
é/u\coza é/kcoza
2b 5b
o o o OH 34 3/2 12 60
&CO:E? Cj/'\com
3 8
9Isolated yield.
Table II. Reduction of 2b with Bakers’ Yeast in 78% Yield, which was hydrolyzed with 1 M KOH to
I o o afford 8 in 59% yield. The optical purity was estimated
o o H H to be 99% ee by comparison of the optical rotation with
‘ that of an authentic sample.* Usually enantioselective
CO4Et ' CO,Et CO.Et . , .
2% Dakers yeast ij/'\ 2 ij/'\ O reductions of a-oxo esters with fermenting bakers’ yeast
afford (R)-a-hydroxy esters.”® Therefore, the absolute
2b (aA, 15)-5b (aR.1/)-5b configuration of the a-carbon of other products (4, 5a, 6)
can be presumed to be R.
( R51;‘:g y The use of optically active hexahydromandelic acid has
. . ak, become increasingly important in organic syntheses. For
yeast/2b, g/g  time h yield, % (aR,1R) example, Masamune et al. have utilized 8 for the total
5.5 40 29 82/18 synthesis of macrolides.!® Compound 8 has been so far
fg gg 2(7) gg; i(l) prepared by the hydrogenation of optically active mandelic
4 30 36 89/11 acid in the presence of rthodium catalyst.’® Therefore, the

¢Both isomers were optically pure by 'H NMR analysis [Eu-
(hfc);]. ®Immobilized bakers’ yeast in carrageenan was used. See
ref 11b.

a-hydroxy-2-oxocyclohexaneacetate (5b), the signal (27.0
ppm) due to C-6 of an erythro isomer appeared at higher
field than that (30.1 ppm) of the threo because of the steric
hindrance between a C-6 methylene and an ester group.
For that reason, it is presumably suggested that the free
rotation of the C,—C; bond is restricted by an intramo-
lecular hydrogen bond.!?

The absolute configuration of the a-carbon of 5 was
definitely determined by conversion to (R)-(-)-hexa-
hydromandelic acid (8). Treatment of ethyl a-hydroxy-

oH H
N H ..-H
COgEt ——> COgR

5b 7, R=Et
8, R=H

2-oxocyclohexaneacetate (5b) with Zn-HCI at 0 °C gave
optically active ethyl (R)-a-hydroxycyclohexaneacetate (7)

(13) Heathcock, C. H.; Pirrung, M. C.; Sohn, J. E. J. Org. Chem. 1979,
44, 4294,

present process offers a practical and economical method
for the preparation of 8.

Application of the present reduction to ethyl «,2-di-
oxocyclooctaneacetate (9) resulted in the recovery of the
starting material. However, methyl (1R,5R)-a-(6,6-di-
methyl-2-oxobicyclo[3.1.1]hept-3-yl)-a-oxoacetate (10) gave
optically active a-hydroxy acetate 11 as a diastereomeric
mixture of («R,1S5) and («R,1R) isomers (7/2) in 32%
yield.!’

bakers' yeast
—_—

CO5CH
zns COyCH3

(14) Hirano, T.; Inoue, S.; Tsuruta, T. Makromol. Chem. 1976, 177,
3237.

(15) (a) Masamune, S.; Choy, W.; Kerdesky, F. A. J.; Imperial, B. J.
Am. Chem. Soc. 1981, 103, 1566. (b) Masamune, S.; Hirama, M.; Mori,
S.; Ali, Sk. A.; Garvey, P. S. Ibid. 1981, 103, 1568. (c) Boschelli, D,;
Ellingboe, J. W.; Masamune, S. Tetrahedron Lett. 1984, 25, 3395,

(16) (a) Stocker, J. H. J. Org. Chem. 1962, 27, 2288. (b) Riley, D. P.;
Shumate, R. E. J. Org. Chem. 1980, 45, 5187.

(17) Reduction of 10 with bakers’ yeast (32 °C, 7.5 days) gave 11 in
32% yield. (aR,1S)-11: 'H NMR (CCL)) § 0.85-2.80 (m, 13 H), 3.78 (s,
3 H), 4.73 (d, J = 2.5 Hz, 1 H). (aR,1R)-11: 'H NMR (CCl,) § 0.85-2.80
(m, 18 H), 3.78 (s, 3 H), 4.88 (d, J = 2.0 Hz, 1 H). Compound 11 may
be useful for the synthesis of thromboxane A, antagonist: Wilson, N. H.;
Peesapati, V.; Johns, R. L.; Hamilton, K. J. Med. Chem. 1982, 25, 495.
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The enol might play a role in either enhancing or di-
minishing the potential for substrates to be reduced by
yeast.’® Proton NMR analysis showed that more than
95% of keto esters 1-3 exists as an enol form in a mixture
with water. On the other hand, in yeast reduction solution,
which contains inorganic materials and glucose, more than
95% of keto esters 1 and 3 is enolyzed but compound 2
is enolyzed only 65%. This fact may be related to the high
enantioselectivity of 5 because the carbonyl group will be
reduced by the hydride anion of enzymes of yeast although
the accurate mechanism cannot be predicted.!®

In conclusion, reduction of «,2-dioxocycloalkaneacetates
with fermenting bakers’ yeast afforded chiral a-hydroxy-
2-oxocycloalkaneacetates exclusively, which were useful for
the synthesis of natural products? because the reaction
conditions are mild and the procedures are simple and
economically feasible.

Experimental Section

The melting points and boiling points are uncorrected. Ele-
mental analyses were carried out by Eiichiro Amano in our lab-
oratory. Analytical spectra were obtained with the following
instruments: IR, Jasco Model A-102; 'H NMR (60 MHz), JEOL
JNM-PMX60SI apparatus; 'H NMR (100 MHz) and *C NMR
(25 MHz), JEOL JNM-FX100 apparatus. Optical rotations were
measured on a Jasco DIP-4 spectrometer. HPLC analysis was
performed with a Yanagimoto liquid chromatograph L-2000 fitted
with a Yanapak SA-I (6-mm o.d. X 250-mm length) and with a
Sumipax OA-3000 (4-mm o.d. X 250-mm length) for the deter-
mination of enantioselectivity.

Fermentation was carried out in a thermostated bath at 32 £
2 °C by using dry bakers’ yeast purchased from Oriental Yeast
Co.,Ltd. All glassware was sterilized by boiling water before use.

Ethyl «,2-dioxocyclopentaneacetate (1) was prepared from
cyclopentanone and ethyl oxalate in the presence of sodium
ethoxide in 82% yield by adaptation of the method described in
the literature;° bp 129-30 °C (7 mm).

Methyl a,2-dioxocyclohexaneacetate (2a) and ethyl «,2-di-
oxocyclohexaneacetate (2b) were prepared by the method de-
scribed in the literature.'

Ethyl a,2-dioxocycloheptaneacetate (3) was prepared from
cycloheptanone and ethyl oxalate in the presence of sodium
ethoxide by the method described in the literature: 37% yield;
IR (neat) 1740 (ester C=0), 1700 (C=0), 1620 cm™; 'TH NMR
(CCly 6 1.32 (t, J = 6 Hz, 3 H), 1.70 (br s, 8 H), 2.20-2.75 (m,
3 H), 4.24 (q, J = 6 Hz, 2 H), 3.9-4.4 (m, 0.2 H), 15.50 (s, 0.8 H).
Anal. Caled for C;;H;40,: C, 62.26; H, 7.55. Found: C, 62.06;
H, 7.65.

Reduction of ketones with bakers’ yeast is shown below
representatively.

Ethyl a-Hydroxy-2-oxocyclopentaneacetate (4).2! To a
mixture of KH,PO, (2 g), NHH,PO, (2 g), MgSO, (1 g), CaCO,
(5 g), glucose (150 g), and boiled water (1 L) was added 20 g of
bakers’ yeast (Oriental Yeast Co.) at 32 °C. After bubbles formed
(ca. 20 min), 10 g (0.0543 mol) of 1 was added and then the mixture

(18) Indicated by a reviewer.

(19) The reviewer pointed out that it is not certain that the reverse
reaction, i.e. oxidation of the alcohols by oxidoreductase, would occur;
therefore, we checked this point by the treatment of chiral alcohol 4 with
fermenting bakers’ yeast as follows: Compound 4 [2.1 g, 11.3 mmol; [«]%p
+67.8° (c 1.25, CHCl,)] was treated with 10 g of bakers’ yeast in 250 mL
of boiled water for 47 h as described in the preparation of 4, and the
purification of the crude product (1.83 g) with column chromatography
gave 1.59 g (75.7%) of 4: [a]®p +63.9° {c, 2.00, CHCly). Therefore, this
fact shows that the reverse reaction described above did not occur.

(20) For example, oxidation of 4 with m-chloroperbenzoic acid (CHCl,,
61 °C, 30 h) gave the optically active é-lactone (ethyl a-hydroxy-a-(5-
pentanolid-5-ylacetate (13): [a]*p ~1.27° (¢ 3.14, CHCly); IR (neat) 3500,
1740 cm™; 'H NMR (CCl,) 6 1.30 (t, J = 6 Hz, 3 H), 1.5-2.7 (m, 6 H), 3.4
(br s, 1 H), 4.0-4.8 (m, 4 H). Lactone 13 may be useful for asymmetric
synthesis of the insect pheromone erythro-6-acetoxy-5-hexadecanolide:
Laurence, B. R.; Pickett, J. A. J. Chem. Soc., Chem. Commun. 1982, 59.

(21) Arbuzov, Y. A,; Klimonva, E. 1. Zh. Obshch. Khim. 1962, 32, 3676;
Chem. Abstr. 1963, 58, 12416¢.
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was allowed to stand at 32 °C for 4 days. The organic layer was
extracted with ethyl acetate. The combined extracts were washed
with water, dried (MgSO,), and concentrated to give 7.4 g (74%)
of 42 [a]®®, +67.9° (c 4.77, CHCL,);2 IR (neat) 3500 (OH), 2980,
1735 (C=0), 1260, 1220, 1140, 1020 cm™; 'H NMR (CCl,) 5 1.29
(t, J = 6.5 Hz, 3 H, CHj3), 1.62-2.8 (m, 6 H, 3 CH,), 3.16 (d, J,
= 4.5 Hz, 1 H, OH), 4.0-4.42 (m, 3 H, CO,CH,CH; and COCH),
4.50 (dd, J = 2 and 4.5 Hz, 1 H, CHOH). HPLC analysis [SA-I;
hexane/ethanol/ethyl acetate (20/1/1), 1.5 mL/min] showed two
peaks at 10.3 and 10.7 min with the intensity ratio of 55/45 due
to erythro (aR,1R) and threo (aR,1S) isomers. Both peaks, which
could not be separated, were collected by preparative HPLC:
[«]®p +50.7° (c 11.8, CHCl,). Analytical GLC [column, 10%
silicone SE-30 on Chromosorb W (3-mm o.d. X 1-m length); 150
°C; carrier gas, Nj (0.5 kg/cm?)] showed two peaks at B, 3.75 and
4.30 min with the intensity ratio of 2/3 due to threo and erythro
isomers. Two fractions were collected by preparative GLC
(column, 10% Apiezone Grease L. on Chromosorb W (3-mm o.d.
X 1-m length); 150 °C; carrier gas, He, 30 mL/min). First fraction:
(aR,15)/(aR,1R) = 60:40; [«]®p +6.2° (¢ 4.0, CHCl;). Last
fraction: (aR,18)/(aR,1R) = 33:67; [a]®?p +44.1° (c 2.0, CHCly).
13C NMR data were assigned tentatively. (aR,15)-4: 3C NMR
(CDCly) 6 14.0 (g, CHy), 20.7 (t, C-4), 25.8 (t, C-5), 38.5 (t, C-3),
51.9 (d, C-1), 62.0 (t, Ch,CHy,), 69.6 (d, C-a), 174.0 (s, CO,), 217.7
(s, C==0). (aR,1R)-4: 8C NMR (CDCl,) 8 14.1 (q, CHj), 20.5 (t,
C-4), 22.3 (t, C-5), 38.3 (t, C-3), 51.5 (d, C-1), 62.0 (t, CH,CH,),
68.8 (d, C-a), 174.0 (s, COy), 217.7 (s, C=0).

Determination of Enantiomeric Excess of 4. To a mixture
of 4 (15 mg, 0.09 mmol), dry toluene (1 mL), and 3,5-dinitrophenyl
isocyanate (30 mg, 0.16 mmol) was added 0.5 mL of dry pyridine.
The mixture was heated at 60—70 °C for ] h and cooled. The
precipitate was filtered off and washed with ether. Concentration
of the filtrate gave 18 mg of crude ethyl- a-[[(3,5-dinitro-
phenyl)carbamoyl]oxy]-2-oxocyclopentaneacetate, which was
analyzed with HPLC [Sumipax OA-3000; hexane/ethyl ace-
tate/ethanol (20/1/1); 0.8 mL/min]. Peaks, retention times (min),
and percentages of the integrated peak area except the peak of
3,5-dinitrophenyl isocyanate were as follows: 1,7.2,47%; 2, 7.8,
3%;3,8.2,44%;4,8.6,6%. Peaks 1 and 2: («R,1R)-4; 88% ee.
Peaks 3 and 4: (aR,15)-4; 76% ee.

Methyl (aR)-a-Hydroxy-2-oxocyclohexaneacetate (5a).2
In the same manner as shown for 4, compound 2a (0.459 g, 2.3
mmol) was treated with bakers’ yeast (4.3 g) at 32 °C for 43 h,
and 0.374 g of crude 5a was obtained. HPLC analysis [SA-I;
hexane/ethyl acetate/ethanol (20/1/1)] showed four peaks.
Peaks, retention times (min), and percentages of the integrated
peak area are as follows: 1, 5.8, 33%; 2, 11.9, 45%; 3, 13.8, 14%;
4, 24.6; 8%. Each component was separated by preparative
HPLC. Peak 2: (aR,15)-5a; 39% yield; [«]2°, ~50.6° (c 3.88,
CHCly); 95% ee, determined by 'H NMR in the presence of 85%
Eu(hfc),, a single peak at 6 18.4 (CHOH); IR (neat) 3520 (OH),
1740 (ester C=0), 1710 (C=0) cm™; '"H NMR (CCl,) § 1.4-3.4
(m, 10 H, OH, >CHCOQ), 3.70 (s, 3 H, CH,), 3.39 (d, 1 H, CHOH).
Peak 3: (aR,1R)-5a; 12% yield; [«]3p —34.2° (c 0.59, CHCL,); 95%
ee, determined by 'H NMR in the presence of 64% Eu(hfc),, a
single peak at 6 16.3 (CHOH); IR (neat) 3500 (OH), 1740 (ester
C=0), 1710 ecm™; '"H NMR (CCl,) 4 1.5-3.2 (m, 10 H, 4 CH,, OH,
COCH<), 3.72 (s, 3 H, CHjy), 4.43 (d, J = 3.2 Hz, CHOH).

Ethyl (aR)-a-Hydroxy-2-oxocyclohexaneacetate (5b).2!

. Compound 2b (4.9 g, 24.7 mmol) was treated with 6 g of bakers’

yeast in 500 mL of boiled water that contained glucose (75 g),
KH2P04 (1 g), NH4H2PO4 (1 g), MgSO4 (05 g), and CaCO3 (2.5
g). Experimental details and spectral data were described in the
previous paper.?

Determination of Optical Purity of 5b. The 'H NMR
spectrum of (aR,1R)-5b, which was obtained by preparative
HPLC, in the presence of Eu(hfc); showed no trace of paired
signals, indicating that it is optically pure. Treatment of
(aR,15)-5b with 3,5-dinitrophenyl isocyanate by the same pro-
cedure as described for 4 gave (aR,1S)-a-[[(3,5-dinitrophenyl)-
carbamoyl]oxy]-2-oxocyclohexaneacetate: HPLC analysis [Su-
mipax OA-3000; hexane/ethyl acetate/ethanol (20/1/1); 1.0
mL/min], single peak at R, 5.3 min; IR (neat) 3000 (NH), 2960,

(22) After 5 months, it became [«]'"p +50.7° (c 11.8, CHCl,).
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173? (ester C==0), 1603 (phenyl), 1540 (NHCO), 1350, 1205, 730
cmL.

Ethyl o-Hydroxy-2-oxocycloheptaneacetate (6). Compound
3 (2.09 g, 9.77 mmol) was treated with bakers’ yeast (20 g) at 32
°C for 70 h. Flash column chromatography of the crude products
afforded 1.75 g of crude 6. Purification by preparative HPLC
[SA-I; hexane/ethyl acetate/ethanol (20/1/1)] gave two com-
ponents. The first fraction gave 0.430 g (20.6%) of (aR,15)-6:
R, 8.8 min; [a]%} -58.20° (c 1.62, CHCl,); IR (neat) 3400 (OH),
1740 (ester C=0), 1700 (C=0) cm™; 'H NMR (CDCly) § 1.30
(t, J = 6 Hz, 3 H, CH,), 1.2-2.2 (m, 8 H, 4 CH,), 2.3-3.2 (m, 4
H, CH,COCH, OH), 4.00 (d, J = 3.5 Hz, 1 H, CHOH), 4.20 (q,
J =6 Hz, 2 H, CO,CH,CHj,); 13C NMR (CDCl,) § 14.1 (q), 24.0
(t), 28.1 (t), 29.2 (t), 29.9 (t), 44.1 (t), 55.1 (d), 61.7 (t), 73.6 (d),
173.5 (S), 214.9 (S). Anal. Caled for C11H1804: C, 61.66; H, 8.47.
Found: C, 61.69; H, 8.33.

The second fraction gave 0.287 g (13.7%) of (aR,1R)-6: R, 9.4
min; [«]%, +48.61° (¢ 1.44, CHCly); IR (neat) 3400 (OH), 1740
(ester C=0), 1700 (C==0) ecm™; 'H NMR (CDCl,) 6 1.30 (t, J =
6 Hz, 3 H, CHy), 1.2-2.2 (m, 8 H, 4 CHy), 2.3-3.2 (m, 4 H,
CH,COCH, OH), 4.20 (g, J = 6 Hz, 2 H, CO,CH,CHj;), 4.36 (d,
J =3 Hz, 1 H, CHOH); *C NMR (CDCly) 6 14.2 (q), 24.2 (1), 25.7
(), 29.1 (t), 29.9 (t), 43.9 (t), 65.3 (d), 61.8 (t), 72.1 (d), 173.6 (s),
214.5 (s). Anal. Caled for C;;H,304 C, 61.66, H, 8.47. Found:
C, 61.68; H, 8.41.

Determination of Enantiomeric Excess of 6. (a) In the same
manner as shown in 4, (aR,15)-6 (34 mg, 0.159 mmol) was treated
with 3,5-dinitrophenyl isocyanate (40 mg, 0.19 mmol) to give 58
mg (85.6%) of ethyl (aR,18)-a-[[(3,5-dinitrophenyl)carbamo-
yl]oxy]-2-oxocycloheptaneacetate: *H NMR (CDCly) & 1.26 (t,
J = 6 Hz, 3 H, CHy), 1.3-2.2 (m, 8 H, 4 CH,), 2.3-3.2 (m, 4 H,
CH,COCH, NH), 4.20 (apparent s, 1 H, CHOCONH), 4.25 (q, J
= 6 Hz, 2 H, CO,CH,CH,), 7.7-8.8 (m, 3 H, CgH3(NO,),). HPLC
analysis [Sumipax OA-3000; hexane/ethy! acetate (20/1/1), 1.0
mL/min] showed two peaks at 4.0 and 4.3 min (intensity ratio
56/44), 12% ee.

(b) In the same manner, (aR,1R)-6 (25 mg, 0.12 mmol) gave
43 mg (87%) of ethyl («R,1R)-a-[[(3,5-dinitrophenyl)carbamo-
ylJoxy]-2-oxocycloheptaneacetate: 'H NMR (CDCly) 6 1.25 (t,
J =6 Hz, 3 H, CHy), 1.3-2.2 (m, 8 H, 4 CH,), 2.3-3.2 (m, 4 H,
CH,COCH, NH), 4.25 (q, J = 7 Hz, 2 H, CO,CH,CHj3), 4.56 (d,
J = 3 Hz, 1 H, CHOCONH), 7.7-8.8 (m, 3 H, C;H3(NO,),). HPLC
analysis [Sumipax OA-3000; hexane/ethyl acetate (20/1/1); 0.7
mL/min] showed two peaks at 5.6 and 6.2 min (intensity ratio
80/20); 60% ee.

Ethyl (R)-(-)-Hexahydromandelate (7). Dry hydrogen
chloride was introduced into 13 mL of ether at -15 °C. After
addition of 5b (0.12 g, 0.6 mmol), 0.78 g (0.012 mo}l) of zinc powder
was added with several portions. The mixture was stirred for 2
h at -5 °C and then poured into ice-water and extracted with
ether. The extract was washed with dilute sodium hydrogen
carbonate and water and dried (MgSO,). Removal of the solvent
gave 88 mg (78%) of 7: [a]%®5p -6.92° (¢ 39.6, CHCly); IR (neat)
3500 (OH), 1740 (C=0), 1450, 1260, 1120 cm™; '"H NMR (CCl,)
61.35 (t,J = 6 Hz, 3 H, CH3), 1.5-2.2 (m, 11 H, cyclohexyl) 4.25
(q,J = 8 Hz, 2 H, CO,CH,CHj;). This was used for the next step
without further purification.

(R)-(-)-Hexahydromandelic Acid (8). A mixtureof 1.1 g
(6.0 mmol) of 7, 0.5 g (8.91 mmol) of KOH, and 9 mL of water
was stirred at room temperature. After 8 h, the mixture was
acidified with 10% HCIl and extracted with ether. The ether layer
was washed with water and dried (MgSO,). The solvent was
evaporated to give 0.569 g (569%) of 8 mp 127-129 °C (from
benzene) (lit.'% mp 129 °C); [«]*® ~12.0° (¢ 2.0, EtOH) [lit."* [«]%}
+12.0° (¢ 2.0, EtOH)], []®p ~25.3° (c 1.0, HOAc) [lit. 16 [a]20
-25.5° (¢ 1.0, HOAGg)].

Methyl (1R,5R)-a-[6,6-Dimethylbicyclo[3.1.1]hept-3-
y1]-2,a-dioxoacetate (10). In a same manner as shownin 3, a
solution of 3.31 g (0.024 mol) of nopinone? and 2.83 g (0.024 mol)
of dimethyl oxalate in 20 mL of THF was treated with 1.30 g (0.024
mol) of sodium methoxide. The crude product was chromato-
graphed on silica gel (hexane/ethyl acetate, 10/1) to give 3.59 g

(23) (a) Chretien-Bessiere, Y.; Meklati, B. Bull. Chem. Soc. Fr. 1971,
2591. (b) McMurry, J. E.; Musser, J. H.; Ahmad, M. S,; Blaszczak, L. L.
J. Org. Chem. 1975, 40, 1829.
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(81.4%) of 10: IR (neat) 1730 (ester C==0), 1700 (C=0), 1630,
1585 cm™; 'H NMR (CCl,) 6 0.95 (s, 3 H), 1.35 (s, 3 H), 1.5-2.7
(m, 4 H), 2.85 (4, J = 2.5 Hz, 2 H), 3.80 (s, 3 H), 14.1 (br s, 1 H).
Anal. Caled for C;,H,404 C, 64.29; H, 7.14. Found: C, 64.08;
H, 7.29.

Acknowledgment. The present work was partially
supported by Grant-in-Aid for Scientific Research No.
60119001 from the Ministry of Education, Science and
Culture.

Trifluoroacetylation of Amines and Amino Acids
by Polymer-Bound Trifluoroacetylation Reagents

Polina I. Svirskaya and Clifford C. Leznoff*

Department of Chemistry, York University, North York
(Toronto), Ontario, Canada M3J 1P3

Martin Steinman

Schering-Plough Research Division,
Bloomfield, New Jersey 07003

Received August 26, 1986

Trifluoroacetylation of amino acids'™® and amines’ with
trifluoroacetic anhydride, S-ethyl trifluorothioacetate,® or
alkyl trifluoroacetates®!! is a useful method for the re-
versible protection of the amino group, but all of these
methods have certain limitations and drawbacks. Our
interests in solid-phase syntheses'®!? and protection of
amino groups’ have led us to develop an exceedingly at-
tractive and simple method for N-trifluoroacetylation using
polymer-bound S-benzyl trifluorothioacetate (2a) or
polymer-bound benzyl trifluoroacetate (2b). Incorporation
of an S-benzyl (instead of the S-ethyl group of S-ethyl
trifluorothioacetate) on a polymer support ensures that the
potentially odiferous mercaptan liberated on reaction of
2a with amines remains attached to the insoluble support
and is hence nonvolatile.

Polymer-bound benzyl thioalcohol (1a)!4!% and poly-
mer-bound benzyl alcohol (1b)!*16 can be readily converted

(1) Weygand, F.; Leising, E. Chem. Ber. 1954, 87, 248.

(2) Weygand, F.; Geiger, R. Chem. Ber. 1956, 89, 647.

(3) Weygand, F.; Ropsch, A. Chem. Ber. 1959, 92, 2095.

(4) Pailer, M.; Hubsch, W. J. Monatsh. Chem. 1966, 97, 99.

(5) Nordlander, J. E.; Payne, M. J.; Njoroge, F. G.; Balk, M. A.; Laikos,
G. D.; Vishwanath, V. M. J. Org. Chem. 1984, 49, 4107.

(6) Rzeszotarska, B.; Makowski, M.; Kubica, Z. Pol. J. Chem. 1984, 58,
293.

(7) Dixit, D. M.; Leznoff, C. C. Isr. J. Chem. 1978, 17, 248.
(8) Hauptschein, M.; Stokes, C. S.; Nodiff, E. A. J. Am. Chem. Soc.
1952, 74, 4005.

(9) Bayer, E.; Hunziker, P.; Mutter, M.; Sievers, R. E.; Uhmann, R.
J. Am. Chem. Soc. 1972, 94, 265.

(10) Steglich, W.; Hinze, S. Synthesis 1976, 399.

(11) Curphy, T. J. J. Org. Chem. 1979, 44, 2805.

(12) For review, see: Mathur, N. K.; Narang, C. K.; Williams, R. E.
Polymers as Aids in Organic Chemistry; Academic: New York, 1980.
Hodge, P.; Skerrington, D. C. Polymer-supported Reactions in Organic
Synthesis; Wiley-Interscience: New York, 1980. Leznoff, C. C. In Bio-
technology; Cheremisinoff, P. N., Quellette, R. P., Eds.; Technomic:
Lancaster, 1985; pp 586-593. Frechet, J. M. J. Tetrahedron 1981, 37, 663.
Akelah, A.; Sherrington, D. C. Chem. Rev. 1981, 81, 557.

(13) Leznoff, C. C. Acc. Chem. 1978, 11, 327.

(14) Chiu, S.-H.L.; Anderson, L. Carbohydr. Res. 1976, 50, 2217.

(15) Ffechet, J. M. J.; de Smet, M. D,; Farrall, M. J. Polymer 1979, 20,
675.

© 1987 American Chemical Society



