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Abstract: A series of trans-4,5-disubstituted-y-butyrolactones are found to adopt different
conformations by 'H NMR spectroscopy, whose optical rotation signs are found to depend on the
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activity and stereochemistry of y-butyrolactones, which is confirmed by the X-ray analyses of (+)- and
(-)-y-butyrolactones. © 1998 Elsevier Science Lid. All rights reserved.

Since the beginning of the study of optically active substances, many attempts have been made to devise
a method for calculating the magnitude of optical rotation or at least to learn how to predict the sign of rotation.
As a result, some empirical rules' regarding the optical activities have been found. Empirical methods® for the
prediction of the sign and magnitude of rotation based on bond refractions and polarizabilities of groups in a
molecule have been suggested, which have given fairly good results in many cases. Although the cause of
optical activity has been interpreted by both theoretical and nontheoretical methods,? the nature of optical
activity, or the correlation of the chiral molecule’s structure with the sign and value of its optical rotation is
still a problem that has not been solved. In this paper, we report our discovery of the correlation between

optical rotation sign and conformation of y-butyrolactones.

butyrolactones (2-10)
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changes from one series to another. That is, the optical rotation signs of compounds 2,” 3,” 4,” 5 are all

positive, where H3, resonates at higher magnetic field than Hjy, or 8Hs, < 8Hap; while the optical rotation signs

0040-4020/98/% - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
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of compounds 6, 7, 8 8.°9.7 10% are all negative, where Hs, resonates at lower magnetic field than Hjp,, or 8H3, >

SIT. . (Tabla 139 Thic mhomamannn pmmanrs arrmochat ree ol
Ori3p (1401€ 1).” 10iS PNEnomenon appears somewnat COMniusiin

or C=0 bonds), they still lead to a different relative order of the chemical shifts of Hj, and Hi,,.
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Figure 1

There seems to be only one interpretation for the interesting transposition of the chemical shifts of the

Cs3 methylene protons Hj, and Hsp, which is that the two series of compounds 2-5 and compounds 6-10 assume

different conformations, respectively. y—Butyroiactone is a five-membered fiﬁg and it is

that the stable conformations of the y-butyrolactone are restricted to an enantiomeric pair,'" in which the C4
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Table 1

Compound R Mp, °C [a] (c, Solvent) * 8H;, OHy, A8 " Saap Jaas Jwa Jus  Ref
2 146-147 +52(1.0,CHCL;) 264 294 +030 174 115 33 0 5
3a CH, 93-94 +64(1.0,CHCl;) 258 286 +028 166 115 34 0 5
3b CH, 71.5-72.5  +68(1.0,CHCl;) 2.55 2.83 +028 166 112 34 0 5
3¢ C:H, 81-82 +66 (1.0, CHCl;) 257 284 +027 166 112 34 0 5
3d CH, 89-90 +61(1.0,CHCl,) 256 283 +027 166 112 36 0 5
3e CeHys 54-55 +53(1.0,CHCL;) 257 284 +027 166 112 35 0 5
3 CiHas 53.5-55.5 +50(1.0,CHClL) 256 2.83 +027 166 113 34 0 5
3g PhCH, 97-98 +48 (1.0, CHCl;)  2.61 289 +028 166 110 34 0 5
3h ¢-CsHs 80-81 +66 (1.0, CHCl;) 256 276 +0.20 16.6 107 36 0 5
3i e-CeHyy 73-75 +64 (1.0,CHCl;) 256 278 +022 166 107 34 0 5
3j CeH )7 56-58 +57(0.78, CH,Cl,) ® 2.56 2.84 +028 166 112 35 0 d
3k CieHy3 51-53 +47 (0.84, CH,Cl) * ¢ e e ¢ ¢ e e d
31 allyl 67-68 +27(0.61, CH,Cl)® 2.60 2.88 +0.28 164 112 34 0 a4
3m i-C3H, 55-56 +59(0.81, CH,CL,)® 2.56 2.79 +0.23 164 108 35 0 4
3n 5-C4Ho 36-42 +55(0.92, CH,Cl) " 2.55 2.80 +0.25 156 108 34 o ¢
4a c-CsHs oil +104 (2,18, hexane) 2.36 276 +040 160 108 37 1.8 5
4b c-CeH,, oil +94 (0.72, hexane) 2.36 2.76 +0.40 160 108 37 1.8 5
4c allyl oil +91 (0.28, CH,Cl,)® 2.40 2.87 +0.47 164 114 36 12 ¢
4d 5-C4Hy oil +87(0.76, CH,Cl;)® 2.35 2.80 +0.45 156 108 34 12 °
4e CH, oil +231 (1.0, hexane) 2.38 2.68 +0.43 16.6 114 36 15 °

121-122 +118 (1.0, CHCl;) 236 288 +0.52 172 11.5 32 0 d
6 58-61 -134 (0.83, CH,Cl) 297 278 -0.19 180 94 48 22 ¢
7a C,H; 93-94 -146 (1.1, CHCl;) 279 245 -034 178 60 14 0 d
7b C:H, 92-93 -132(0.86, CHCl) 2.77 245 -0.32 180 60 16 0 d
7c C4H, 73-74 -128 (0.81, CH,CL) 2.79 245 -034 178 60 12 0 d
7d PhCH, 86-87 230 (1.0, hexane) 2.81 252 -029 180 58 14 o ¢
Te aliyl 74-75 -182(1.0,CHCl;) 2.79 247 -032 178 58 16 0O d
8a H, PhCH, 100.6-102.7 -101(1.0,CHCL)® 28 23 .05 15 7 3 0 6
8b CH,;, PhCH,  oil -109(1.0,CHCL)® 27 21 -06 15 8 2 0 6
8¢ (CH,)s 134.6-134.8 -150 (1.0, CHCl;)® © ¢ ¢ ¢ y ¢ 2 6
8d (CH,)s 114.9-115.6 -149 (1.0, CHCL;)® © ¢ ¢ § ¢ € 2 6
8e (CH,),0(CH,), 109.4-110.2 -142 (1.0, CHCL)® ° ¢ ¢ ¢ ¢ ¢ 2 6
8f C.H;, C,Hs ol -148 (1.0, CHCL)® °© ¢ . ¢ ¢ ¢ 2 6
8g H, C,H, semisolid ~ -134 (1.0, CHCL,)® °© ¢ ¢ ¢ ¢ ¢ 0 6
9 Ph 77.8-78 -62(1.0,CHCL})®  3.04 238 -066 15 8 3 0 7
10a CH; 78.2-79.8  -147(0.9,CHCI;)" 2.82 209 -0.73 176 82 40 22 8
10b (CH;8);C oil -89 (1.8, CHCL)® ° ¢ ¢ ¢ y 0 8
* Unless otherwise indicated, the specific rotations were measured at 578 nm at 25 °C. ® Determined at 589 nm at 20 or 25

°C. © A8 = 8H3, - 8Hj,. ¢ The present paper. ¢ Not assigned or given in the original literature.
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In conformation I, Hsp, Hs an quasi-axial protons, while Hs,, menthyloxy and R! adopt the
the ¢

quasi-equatorial positions. On the contrary, in conformation II, Hs,, menthyloxy and R? assume the quasi-axial
anisotropic effect of the carbonyl group, the guasi-equatorial protons of the C; methylenes in both

conformations I and II should be in the shielding region of the C, carbonyl group while the corresponding

quasi-axial protons should be in the desh 1g T
quasi-axial proton on the C3 methylene is expected to resonate at lower magnetic field than the corresponding
quasi-equatorial proton. Since for compounds 2-5, the relative order of the chemical shifts of Hs, and Hjy is

OH3; < 8Hagp, therefore it is self-evident that compounds 2-5 all assume co

that compounds 2-5 all a ormation 1. And because for

compounds 6-10, the relative order of the chemical shifts of Hi, and Hsp is 8H3, > 8Hap , it can also be inferred
that compounds 6-10 all adopt conformation II.

Apparently, this result agrees with the previous observations that in steroidal a-acetoxy,'* a-halo
ketones'® and a-bromo cyclohexanones, ' the a-protons of the carbonyl groups resonate at lower magnetic
fields when axial than when equatorial.

In both conformations I and II, the geminal coupling constants of the C; methylene protons Hs, and Hap,
alter in a narrow range, or 2.]33,3‘, = 15-18 Hz. In conformation I, there are three vicinal couplings which
include one coupling of the quasi-equatorial Hs, and the quasi-axial Hy with the coupling constants, >J3,4 =
10.8-11.5 Hz, and two couplings of the quasi-axial protons Hjp, Hy and Hs with the coupling constants 3(]3[,,4 =
3.2-3.7 Hz and 3.14 5 = 0-1.8 Hz. In this case, the quasi-axial Hsy is deshieided 0.2-0.5 ppm by the C, carbonyl
group with respect to the quasi-equatorial Hs,. In conformation 11, there are also three vicinal couplings which
consist of one coupling of the quasi-axial Hs, and the quasi-equatorial Hy with the coupling constants >J3a4 =
torial protons Hjy, Hs and Hs with the coupling constants 33
= 1.2-1.8 Hz and JJ45 0-2.2 Hz. In this case, the 0.2-0.7
carbonyl group with respect to the quasi-equatorial Hjp. It should be noted that these data of this five-
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quasi-axial Hj, is deshielde

axial-axial protons is usually much larger than that of the vicinal axial-equatorial protons,'” and an equatorial
proton is generally deshielded 0.1-0.7 ppm by the C-C bonds with respect to the corresponding axial proton.18
If the

and conformer II are enantiomers, or that one is the mirror image of the other. Since the absolute configuration

of C4 and Cs atoms are the same in both conformations I and II, it appears to be reasonable and significant that
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while conformer II results in a left-handed rotation.'’
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Figure 2

The correlation between optical rotation sign and conformation of chiral y-butyrolactones are

. 1 ~ s 1 1 <r 1 rad FATRY 1 s 1 A L B 4 21 — 22 - .
unequivocaily confirmed by the X-ray analyses of (+)-y-butyrolactones 11%°, 12*' and 13%, and (-)-y-
show that their lactone rings assume the expected conformation I with the C4 atom deviatin
plane, whereas the ORTEP plots of (-)-y-butyrolactones 8¢ and 14-17 indicate that their lactone rings adopt the
predicted conformation II with the C4 atom deviating above the lactone ring.

On the basis of th

th these interesting and im

we propose an empirical correlation rule for the
prediction of optical activity and stereochemistry of y-butyrolactones:

(1) If the relative order in chemical shifts of the C; methylene protons of a y-butyrolactone is 8Hsa <

A2227
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(2) If the relative order in chemical shifts of the C; methylene protons of a y-butyrolactone is 6Hs, >
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(3) If the optical rotation sign of a y-butyrolactone is positive, then it must assume conformation I;

(4) If the optical rotation sign of a y-butyrolactone is negative, then it must adopt conformation II.

1 omdiinde  momamiallo Sem
1 Proaucis, especiaiy in

molecules that possess diverse biological activity,” we think this empirical correlation rule will be useful to
the prediction of optical activity and stereochemistry of such compounds.
In conclusion, a series of #rans-4

conformations by 'H NMR spectroscopy. The optical rotation signs of these y-butyrolactones are found to

correlate with their conformations. An empirical correlation rule is accordingly proposed for the prediction of

mmtinnl antieoitn; nee d oo P, VNN SV R ROV DRPIR PR, J. N, NIRRT o SUORURPREE B IS IR ¥ S Yercmo AL /1Y oand
UpUL CUVILY alld SICTCOCNCITIISAT 1 Y=DULYTOLACLONICS, WINCIL 15 COILITINCA DY UHIC A-I4Y dildlySCs O1 {7)- dd
(-)-y-butyrolactones. Further investigations on this subject are currently in progress.

EXPERIMENTAL SECTION

Elemental analyses were obtained on a Perkin-Elmer 240C micro analyzer. Infrared spectra were
recorded on a Hitachi 260-50 spectrometer. 'H and *C NMR spectra were performed at 200 MHz on a
Varian-200 spectrometer in CDCI; with chemical shifts in ppm downfield from TMS and coupling constants
in hertz. Optical rotations were measured on a Perkin-Elmer 241MC polarimeter. Melting points (uncorrected)
were taken on a Yanaco MP-500 apparatus. The syntheses and characterization of compounds 1, 2, 3a-3i, and

a an R T 1 5
4a-4b were reported in the preceding paper.”

General Procedure for Preparation of Compounds 3 and 4. Compound 2 (0.74 g, 2 mmol) and
finely ground anhydrous K,COs (0.28 g, 2 mmol) were mixed in DMF (9 mL). To this well stirred suspension
was added an alkyl halide (2 mmol). The progress of the reaction was monitored by TLC. Soon after
completion of the reaction, the mixture was dissolved in ether and washed with water and dried (Na;SOy).

s TP | L Fon 1:
CllystalllZativil Lol 11

ven ght
petroleum ether or by column chromatograghy on silica gel using a mixture of light petroleum ether and ethyl

acetate (8:1) as the eluent affording compounds 3, and 4 (where secondary or allyl halides were employed).

(Z2)-(+)-n-Octyl nitronic ester of (45*,5R)-4-(1’-nitro-1’-carbethoxymethyl)-5-|(1R)-menthyloxy]-
3,4-dihydro-2(5H)-furanone (3j): white crystals; mp 56-58 °C; [a]*’sg0 +56.8° (¢ 0.78, CH,Cl,); IR (KBr)

w
—_

N 191 & (e 16N 164
i), 1.2-1,2 (M, 10}, 1.0
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menthyioxyj-3, Mlnyaro-z(su)-turanone (3k): white crystals; mp 51-53
CH2Cly); IR (KBr) 1760, 1730, 1640 cm™'; Anal. Calcd for CasHgiNO7: C, 68.57; H, 10.25; N, 2.35. Found: C,
68.44; H, 10.30; N, 2.25.

(£)-(+)-Allyl nitronic ester of (45*,5R)-4-(1’-nitro-1’-carbethoxymethyl)-5-{(1R)-menthyloxy}]-3,4-
dihydro-2(5H)-furanone (31): white crystals; mp 67-68 °C; [a]*s39 +27.4° (¢ 0.61, CH,CL); IR (KBr) 1755,

L) 9% ~tasy ==

4 1/4 -1, ley A AT O N e o7 ~w ~rT

1735, 1640 cm™; 'H NMR & 0.7-1.3 (m, 15H), 1.35 (i, 3H), 1.65 (m, 2H), 2.14 (m, 2H), 2.60 (dd, 1H, /= 16.4,
11.2),2.88 (dd, 1H, J=16.4, 3.4), 3.40 (dd, 1H, J = 10.6, 4.4), 3.75 (dd, 1H, J = 11.2, 3.4), 4.33 (q, 2H), 4.62
(d,2H, J=5.8),5.27 (dd, 1H, J=10.2, 1.4), 5.35 (dd, 1H, J=17.5, 1.4), 5.39 (s, 1H), 5.91 (m, 1H, J=17.5,
10.2, 5.8); >C NMR & 14.2, 16.1, 21.0, 22.1, 23.0, 25.4, 31.7, 33.2, 34.1, 43.0, 47.1, 48.1, 61.9, 65.8, 81.9,
103.2, 109.9, 119.1, 131.5, 158.5, 169.7; Anal. Calcd for C;;H33NO5: C, 61.31; H, 8.03; N, 3.41. Found: C,
61.10; H, 8.05; N, 3.41.

(Z)-(+)-iso-Propyl nitronic ester of (45*,5R)-4-(1’-nitro-1’-carbethoxymethyl)-3-[(1R)-
menthyloxy]-3,4-dihydro-2(5H)-furanone (3m): white crystals; mp 55-56 °C; [a]*ss9 +59.4° (¢ 0.81,
CH,Cl); IR (KBr) 1760, 1725, 1640 cm™; "H NMR 5 0.71-1.23 (m, 15H), 1.25 (d, 6H), 1.35 (t, 3H), 1.65 (m,
2H), 2.56 (dd, 1H, J = 16.4, 10.8), 2.79 (dd, 1H, J= 16.4, 3.5), 3.42 (dd, 1H, J = 10.6, 4.4), 3.74 (dd, 1H, J =
10.8, 3.5), 4.33 (q, 2H), 5.03 (m, 1H), 5.40 (s, 1H); *C NMR & 14.0, 15.9, 20.8, 21.5, 21.9, 22.0, 22.8, 25.2,
31.4,33.4,33.9,42.8,47.0, 48.0, 61.6, 68.5, 81.6, 103.0, 109.6, 158.3, 169.3; Anal. Calcd for C;;H3sNO7: C,
61.02; H, 8.47; N, 3.39. Found: C, 61.23; H, 8.58; N, 3.45.

(Z£)-(+)-(RS)-sec-Butyl nitronic ester of (45*,5R)-4-(1’-nitro-1’-carbethoxymethyl)-5-[(1R)-
menthyloxy|-3,4-dihydro-2(SH)-furanone (3n): white crystals; mp 36-42 °C; [o]®ss0 +55.4° (¢ 0.92,
CH,Cly); IR (KBr) 1740, 1700, 1635 cm™; "H NMR 8 0.7-1.1 (m, 15H), 1.15 (d, 3H), 1.35 (t, 3H), 1.4-1.9 (m,

6H), 2.15 (m, 2H), 2.55 (dd, 1H, J = 15.6, 10.8), 2.80 (dd, 1H, J = 15.6, 3.4), 3.41 (dd, 1H, J = 10.6, 4.2), 3.75

(dd, 1H, J = 10.8, 3.4), 4.34 (q, 2H), 4.88 (m, 1H), 5.38 (s, 1H); °C NMR 5 9.4, 14.0, 15.8, 19.1, 20.8, 21.9

22.8,25.2,28.5,31.4, 33.3, 33.9, 42.8, 47.0, 48.0, 61.7, 73.2, 81.6, 103.0, 109.7, 158.3, 169.6; Anal. Calcd for
= A1 02 LT Q £7. N 29Q DCaAawind- M £1 £N. LT Q £LL. N 299

\_,1111571'4\17 ., U1.00, 11, 0.0/, iN, 5.£0. rOUllQ. L, O1.0V, 11, 0.UJ, IN, D.LL

(2)-(+)-0-Allyloxime of (45*,5R)-4-(1’-nitroso-1’-carbethoxymethyl)-5-[(1R)-menthyloxy]-3,4-
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dihydro-2(5H)-furanone (4c): a colorless oil; [a

L_.l

sg9 +91.3° (¢ 0.28, CH,Cly); IR (neat) 1795, 1740, 1720,

1595 cm™; '"HNMR 5 0.7-1.3 (m, 14H), 1.37 ¢t J=164,

11.4),2.87 (dd, 1H,J=16.4, 3.6), 3.45 (dd, 1H, J=10.6, 4.2), 3.63 (ddd, 1H, J=11.4, 3.6, 1.2), 4.35 (q, 2H),
4.60 (d, 2H, J=5.8), 5.26 (dd, 1H, J=10.2, 1.4), 5.32 (dd, 1H, J = 17.5, 1.4), 5.53 (d, 1H, J= 1.2), 5.91 (m,
1H,J=17.5, 102, 5.8); *C NMR & 14.0, 16.0, 21.0, 22.1, 23.0, 25.3, 31.5, 32.4, 34.1, 42.8, 48.1,49.4, 62.0

65.7, 81.6, 110.7, 118.8, 131.6, 153.4, 159.9, 169.7; Anal. Calcd for C;;H33NOq: C, 63.80; H, 8.35; N, 3.54.
Found: C, 63.65; H, 8.33; N, 3.50.

(£)~(+)-O-(RS)-sec-Butyloxime of (45*,5R)-4-(1’-nitroso-1’-carbethoxymethyl)-5-[(1R)-
menthyloxy]-3,4-dihydro-2(SH)-furanone (4d): a colorless oil; [oc]25 530 +86.8° (¢ 0.76, CH,Cly); IR (neat)

1795, 1740, 1590 cm™; "H NMR 8 0.7-1.15 (m 58 (m, 6H), 2.20 (m, 2H),

Sy P2l . Vads 213 £330

2.35(dd, 1H, J = 15.6, 10.8), 2.80 (dd, 1H, J = 15.6, 3.4), 3.45 (dd, 1H, J= 10.6, 4.2), 3.62 (ddd, 1H, J = 10.8,
3.4, 1.2), 4.35 (q, 2H), 4.86 (m, 1H), 5.54 (d, 1H, J=1.2); *C NMR & 9.5, 14.0, 16.0, 19.2, 20.9, 22.1, 22.9,
25.3, 286 31.5, 32.7, 34,7, 42.8, 48.1, 40_5 61,0 73_1 814, 110.7, 153.5, 159.9, 1607 Anal. Calcd for

7 s 4AaV.l, 2J2ID, 2077 Lall

C22H37N0(,Z C, 64.23; H, 900, N, 3.41. Found: C, 64.05; H, .95, N, 3.40.

(45* ,5R)-(+)-4-(1’-Nitroso-1’-carbethoxymethyl)-5-[(1R)-menthyloxyl-3,4-dihydro-2(5H)-
furanone (5). Compound 2 (15 mmol, 5.4 g), NaNO; (0.15 mol, 10 g) and PrONO (0.15 mol, 12 g) were
mixed in DMSO (40 mL) under nitrogen.?® After stirred in subdued light at 23-28 °C for 48h, the reaction
mixture was quenched with ice and water (400 mL) to give the crude product. Recrystallization from ether and
petroleum ether afforded white crystais (4.0 g, 78%) of 5: mp 121-122 °C; [a]
(KBr) 3250, 1745, 1725, 1688, 1590 cm™; "H NMR 8 0.66-1.14 (m, 14H), 1.29 (t, 3H), 1.55 (m, 2H), 2.11 (m,

3
11.5,3.2), 4.26 (q, 2H), 5.74 (s, 1H), 11.35 (br s, 1H); ' 3CNM 2
34.7,43.5,46.8,50.1, 62.1,81.6, 111.4, 153.9, 160.3, 171.7; Anal. Calcd for C;sH29NQO¢: C, 60.81; H, 8.23; N,
3.94. Found: C, 60.92; H, 8.26; N, 3.95.

(Z)-(+)-O-Methyloxime of (45*,5R)-4-(1’-nitroso-1’-carbethoxymethyl)-5-[(1R)-menthyloxy]-3,4-
dihydro-2(5H)-furanone (4e). Compound 5 (0.5 g, 1.4 mmol) and finely ground anhydrous K,COs3 (0.19 g,

14 o) Az mrivad te NAMME 71N T )Y Tea thaio o all atimead crrgmanginn wage addad mathyl iadids (1 4 mamal)
1.7 11111V ) WEIC 1II1ACTU 11l LJ)viL \1U L ). LU WD WELL Sl U buapc IDIULL Wad aUULU 1HVULY L IUUIGG | LT Ui g,
After stirred at room temperature for 48h, the mixture was dissolved in ethe washed with water and dried
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(2.0 g, 5.4 mmol) in methanol (25 mL) was treated with potassium hydroxide (0.33 g, 5.9 mmol) and stirred

g &

for 5 min to form the nitronate salt. Then the solution was cooled to 0 °C, and a stream of ozone-oxygen was

passed thrmmh it. 27 The

tion was monitored hy T.C. Soon after the comnletion of the

i A R L o L

reaction, the mixture was concentrated by rotary evaporation to a residue, which was dissolved in ether (50
mL) and washed with 20% NaOH, water, brine, and dried (Na;SO,). Removal of solvent gave crude product.
Recrystallization from a mixture of petroleum ether and methylene chloride led to white crystals (1.5 g, 83%)
of 6: mp 58-61 °C; [a]*’sg0 -134° (¢ 0.83, CH;Cly); IR (in nujol) 1790, 1760, 1750, 1730 cm™; 'H NMR &
0.7-1.3 (m, 14H), 1.40 (t, 3H), 1.65 (m, 2H), 2.10 (m, 2H), 2.78 (dd, 1H, J=18.0, 4.8), 2.97 (dd, 1H, J=18.0,
9.4), 3.55 (dd, 1H, J = 10.6, 4.2), 3.93 (ddd, 1H, J = 9.4, 4.8, 2.2), 4.38 (q, 2H), 5.86 (d, 1H, J = 2.2); °C
., 03.3, 77.8, 99.4, 159

4
21.

~ T rn r4 177 £
7.5, 50. b, 173.5,
8.

Then, the reaction mixture was dissolved in ether and washed with water and dried (Na;SQ4). Removal of

solvent afforded crude product that was further purified by recrystallization from light petroleum ether.

(4R*,5R)-(-)-4-Ethoxy-5-[(1K)-menthyloxy]-3,4-dihydro-2(5H)-furanone (7a): white crystals; mp
93-94 °C; [a]s75 -146° (c 1.1, CHCL3); IR (KBr) 1780 cm™'; '"H NMR 8 0.7-1.15 (m, 14H), 1.22 (t, 3H), 1.65

14\ 2.79(dd, 1H, J=17.8,6.0),3.55 (g+ +dd, 3H)

*2y AJy 277 (Aidy Lk, iy d1idy, ( > iy v (4] Lt G L U, MV M MRSy SEE)
3.90 (dd, 1H, J = 6.0, 1.4), 5.55 (s, 1H); °C NMR & 15.1, 15.5, 20.8, 22.2, 22.9, 25.4, 31.3, 34.1, 34.2, 39.5,
47.6,64.8,76.8,78.7, 102.8, 174.9. Anal. Calcd for C;sH2304: C, 67.61; H, 9.86. Found: C, 67.55; H, 9.89.

(4R*,5R)-(-)—4-Propoxy-5—i(iR)-ment’hyioxy]-'3,4-dii1ydro-2(5}'1')-furanone (7b): white crystals; mp
2-93 °C; [a]*s75 -132° (¢ 0.86, CHCly); IR (KBr) 1780 cm™; 'H NMR 3 0.6-1.8 (m, 21H), 2.00 (m, 1H),
5 3(t,2H,J=64),3.54(dd, 1H,J=

12y

1H), 2.45 (dd, 1H, J = 18.0, 1.6), 2.77 (dd, 1H, J = 18.0, 6.0), 3.43 (t,

iehe, 21k, O T 10, VLY

<

e, 153, (2 A== 235

10.6, 4.0), 3.91 (dd, 1H, J = 6.0, 1.6), 5.55 (s, 1H); >C NMR & 10.5, 15.5, 20.

o

,22.2,22.8,255,31.3, 34.1,
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342,39.6,47.6,71.1,76.7,78.9, 102.8, 174.9. Anal. Calcd for C;7H3004: C, 68.46; H, 10.07. Found: C, 68.35
H, 10.11

(4R* 5R)-(-)-4-Butoxy-5-[(1R)-menthyloxy]-3,4-dihydro-2(SH)-furanome (7c): white crystals; mp

~YY T /YIS Al Iyy wtnam & N

73-74 °C; [a] 578 -128° (¢ 0.81, CHxCly); IR (KBr) 1780 cm™; 'H NMR 6 0.7-1.8 (m,

2 H
1H), 2.45 (dd, 1H, J=17.8, 1.2), 2.79 (dd, 1H, J=17.8, 6.0), 3.47 (t, 2H, J= 6.2), 3.54 (dd, 1H, J =
22.1,

2.15(m
10.0, 4.2), 3.91 (dd, 1H, J = 6.0, 1.2), 5.56 (s, 1H); °C NMR & 13.7, 15.4, 19.0, 20.7, 22.8,25.3, 31.1
31.5, 34.0, 34.1, 39.4, 474, 69.1, 76.5, 78.7, 102.7, 174.9. Anal. Calcd for CigH1,04: C, 69.23; H, 10.26.
Found: C, 69.35; H, 10.28

* ED | » . . itn Aewrot vawn

{4R*,5R)-(-)-4-Benzyloxy
86-87 °C; [a]** 575 -230° (¢ 1.0, hexane); IR (KBr) 1780 cm’'; 'H NMR 5 0.7-1.5 (m, 18H), 1.65 (m, 2H), 2.00
(m, 2H), 2.52 (dd, 1H, J=18.0, 1.4), 2.81 (dd, 1H, J=18.0, 5.8), 3.52 (dd, 1H, /=104, 4.2),4.04 (dd, IH, J
= 5.8, 1.4), 4.58 (s, 2H), 5.58 (s, 1H); °C NMR & 15.5, 20.8, 22.2, 22.9, 25.4, 31.2, 34.2, 39.5, 47.5, 71.6,
76.7, 78.4, 102.7, 127.7, 128.1, 128.5, 136.8, 174.8; Anal. Calcd for C;H3004: C, 72.83; H, 8.67. Found: C,
72.88; 1, 8.65.

(4R*,5R)-(-)-4-Allyloxy-5-[(1R)-menthyloxy]-3,4-dihydro-2(5H)-furanone (7e): white crystals; mp
74-75 °C; [a]® 575 -182° (¢ 1.0, CHCl3); IR (KBr) 1780, 1640 cm™; "H NMR & 0.7-1.5 (m, 14H), 1.7 (m, 2H),
2.00 (m, 1H), 2.10 (m, 1H), 2.47 (dd, 1H, J = 17.8, 1.6), 2.79 (dd, 1H, J = 17.8, 5.8), 3.54 (dd, 1H, J = 10.4,
4.2), 4.03 (d+dd, 3H, J = 5.4; 5.8, 1.6), 5.22 (dd, 1H, J = 9.0, 1.4), 5.28 (dd, 1H, J = 17.2, 1.4), 5.58 (s, 1H),
5.88 (m, 1H, J = 17.2, 9.0, 5.4); °C NMR & 15.5, 20.8, 22.2, 23.0, 25.4, 31.3, 34.1, 34.2, 39.5, 47.6, 70.2,

76.7,78.3,102.8, 117.7, 133.5, 174.7. Anal. Calcd for C17H2304: C, 68.92; H, 9.46. Found: C, 69.10; H, 9.52.
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