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Abstract -A total svnthesis of the natural enantiomer of monocrotaline II). a reoresentativc ofcarcino~enic 
pyrrolizidine alkaloia% having ai II-membered retronecine dilactone was a&ved ihrolcgh regioskective c&ling of 
(+)-retronecine (3) and the optically active protected necic acid& the latter being prepared enantioselectivelyf the 
meso-diester 1 I. 

More than 200 pyrrolizidine alkaloid8 have been found in various plant species belonging to Compositae, 

Leguminosae, and Boraginaceae families. 1 Of those, the pyrrolizidine alkaloids having retronecine (3) or 

otonecine (4) as the necine base portion are known to exhibit marked hepatotoxicicty and, in certain cases, 
antitumor activity and carcinogenicity. 2 In particular, the greatest toxicity is shown by the retronecine- or 

otonecine-based macrocyclic dilactones. Monocrotaline (1) and integerrimine (2) are representatives of 1 l- and 
1Zmembered retronecine dilactones, respectively. 2 The unique biological activities coupled with characteristic 

chemical stn.~ctm~ have made macrocyclic pyrrolizidine alkaloids attractive synthetic targets. During the past 

three decades, the result8 of a number of synthetic studies on pyrrolizidine alkaloids have been published. 
However, most of the synthetic studies have been directed towards the necine portions, and only a few 1 l- 
membered3 and 12-membereb4 alkaloids have so far been synthesized. Herein we disclose a full account of the 

stem and regiocontrolled total synthesis of the natural enantiomer of monocrotaline (1)s 

1 monocrotaline 2 integerrimine 3 retronecine 4 otonecine 
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Monocrotaline (1) found in various species of Crorulurju plants (Leguminosae) is the best-known 
carcinogenic alkaloid. Plants containing monoctotaline (1) are often used for certain medicinal herbs and 
foodstuffs. There has been concern that chronic intake of monccromline (1) may lead to human cancer. 
Monoctotaline (1) is also considered to be a poisonous principle of livestock poisoning by Crotuhria plants2 
The structure of monocrotaline (1) including the absolute stereochemistry was determined on the basis of 
extensive chemical and spectral studies coupled with the X-ray crystallographic analysis.6 The fit synthesis 
of monocrotaline (1) was achieved by Vedejs and co-workers in 1987.M 

The crucial step in the synthesis of monocrotaline (1) was considered to be regioselective construction of 
the characteristic 1 l-membered d&tone moiety. For the solution of this synthetic problem, we intended to 
utilize the lactonization method employed in our recent synthesis of (-)-integerrimine (2).& Scheme 1 shows 
our plan for the synthesis of monocrotaline (l), where the penultimate step is lactonization of a seco acid 6. 
We anticipated that the seco acid 6 would be assembled tegioselectively by virtue of the tin-mediated acylation‘k 
of (+)-retronecine (3) with the cyclic anhydride 7 derived from the optically active protected necic acid 8. We 
had already achieved the enantioselective synthesis of (+)-tetronecine (3) in the course of the total synthesis of 
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Scheme 2 
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(-)-integerrimine (2).4c Therefore, our efforts were concentrated on the synthesis of the protected necic acid 8 

in the optically active form7 
Scheme 2 shows our basic strategy for the synthesis of the protected necic acid 8 in the optically active 

form. Retrosynthetic analysis of 8 implied a chiral monoester 1Oa (or lob), accessible by regioselective ring 
opening of the meso-anhydride 9 with an appropriate chiral alcohol (R*OH in Scheme 2), to be a suitable 
synthetic intermediate. The quatemary stereocenters in 1Oa (or lob) corresponded to those of 8. Elaboration 

of 8 from 1Oa (or lob) rquhed stereocontrolled construction of an additional stereocenter bearing the 
secondary methyl group. As the starting material, we chose the readily available mesodiester II.8 

Protection of the meso-diester 11 followed by alkaline hydrolysis provided the meso-diacid 12 in 83% 
overall yield, which was transformed quantitatively into the cyclic meso-anhydride 9 (Scheme 3). In order to 

find an efficient route to optically active 8, we fist examined the synthesis of racemic 8 from 9. Thus 

methanolysis of 9 quantitatively afforded the racemic monoester (f)-13, which upon Grignard reaction with 
MeMgI provided the racemic lactone (f)-14 in 70% yield. Reduction of (lt)-14 with LiARI gave the racemic 
diol (f)-15, selective acetylation of which yielded the racemic monoacetate (*)-la in 94% overall yield 

Dehydration of (*)-la with POCl3-pyridine gave the racemic olefin (zt)-17 in 91% yield, which was then 
subjected to stereoselective hydroboration. Thus, reaction of (f)-17 with borane-THF complex in THF 
followed by oxidation with alkaline Hz02 provided the desired racemic alcohol (k)-18a (70%) as the major 
product along with the isomeric alcohol (dz)-18b (7%).9 The hydmboration of (&)-17 proceeded with high 
degree of asymmetric induction; (+)-18a and (zk)-18b were obtained in a ratio of 10: 1. The stereochemical 

outcome of this hydroboration reaction may be explained by application of Houk’s transition state model 
(Scheme 4):to In the hydroboration of (&)-17, the transition state A leading to (*)-Ma may be more favorable 
than the sterically more crowded transition state B leading to (f)-18b. Swem oxidationtt of (f)-18a followed 

by KMn04 oxidation12 of the resulting aldehyde provided the racemic monoacid (f)-19 in 78% overall yield. 
Final oxidation of (f)-19 with Na2Ru0413 in aqueous NaOH afforded the racemic protected necic acid (+_)-8 in 
98% yield, whose spectral properties were identical with those of authentic 8M derived from natural 
monocrotaline (1). 

As we could develop the efficient route to (f)-8, we proceeded with the synthesis of optically active 8, 
which started with regioselective ring opening of the meso-anhydride 9 with (S)-1-phenylethyl alcohol 
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Scheme 3 
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(a) MeOCHzOMe, PzOs, CHCls, 50 OC, 86%; (b) LiOH, HaO-THF, 60 “C, 98%; 
(c) Ac20, CH2C12, reflux, 100%; (d) MeOH, 100%; (e) MeMgI. ether, 0 OC, 
then 1 M HCI, 70%; (f) LiAIH4, ether, 94%; (g) Ar+O, pyridine, 100%; 
(h) POCls, pyridine, 90 “C, 91%; (i) BHs*THF, THF, then 30% H20s-NaOH, 
70% (rt)-188 and 7% (*)-18b; (j ) (COCI)2, DMSO, CHsCls, -78 “C, then EtsN, 
-78 ‘C; (k) KMn04, pH 7 phosphate buffer, f-BuOH, 78% from (k)-18a; 
(I) Na2Ru04,l M NaOH, 98%. 
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(Scheme 5).14 Thus, reaction of the anhydride 9 with (S)-1-phenylethyl alcohol in the presence of 4- 
(dimethylamino)pyridine and triethylamine in toluene at -78 “C provided an inseparable 9.41 mixture of the 
diastemomeric acids 20a and 20b in 83% yield. 1s Reduction of the inseparable mixture of 20a and 20b with 
LiBHRt3 in THF and subsequent lactonixation gave the optically active lactone 2116 in 89% yield. At this stage 
the chiral auxiliary, (5’)-1-phenylethyl alcohol was recovered in 78% yield Crignard reaction of 21 with 
MeMgI in ether-THF yielded the optically active diol 1S16in 86% yield. For obtaining the optically pure 
material and protecting the primary hydroxyl group, the optically active diol15 was subjected to selective 
acylation with the acyl chloride prepared from (R)-a-methoxy-a-(trifluoromethyl)-phenylacetic acid (MTPA),17 

to provide the diastereomericahy pure MTPA esters 22a and 22b in 88% and 9% yields, respectively, after 
chromatographic separation. Dehydration of 22a with ROCl3 afforded the olefin 23 (83%), which was 
subjected to hydroboration followed by alkaline H$& oxidation to give the desired alcohol 24a and the isomer 
24b in 8 1% and 5% yields, respectively, after chromatographic separation. High degree of asymmetric 

induction was observed again in the hydroboration of 23 as it was in the case of 17. In this case, the ratio of 
24a and 24b was 16:l. The conversion of 24a into optically active 8 was achieved by a three-step sequence: 
(1) Swem oxidation* * of 24a into the corresponding aklehyde: (2) KMn04 oxidationt2 of the aldehyde into the 
carboxylic acid 25 (86% from 24a) (3) NqRuO4 oxidation13 of 25 into optically active 8 (86%). Spectral 
and physical properties of synthetic 8 were identical with those of authentic 8 derived from natural 
monocrotaline (I)3d in all respects. 

The optically active protected necic acid 8 was now in hand. At this point all that remained to complete a 
synthesis of optically active monccrotaline (1) was regioselective construction of the unsymmetrical 1 l- 
membered dilactone moiety and the removal of the protecting group. For the regioselective consmtction of the 
1 l-membered dilactone. we intended to utilize the reaction of the cyclic anhydride 7 with the cyclic stannoxane 
26 (Scheme 6). Thus, the protected necic acid 8 was converted into the cyclic anhydride 7 by treatment with 
acetic anhydride, while (+)-retronecine (3)4cJ8 was converted into the cyclic stannoxane 26 as described 
before..4c Reaction of 7 with 26 in toluene at 40 “C! provided a 3: 1 mixture of monoesters 6 and 27 in 82% 
yield from 8. Pure 6 was obtained by either remystallization or HPLC separation of the mixture. Of four 
possible monoesters, the desired monoester 6 was formed predominantly in this reaction. Preferential 
formation of 6 resulting from the ring opening of the cyclic anhydride 7 by the attack of the primary alkoxide 
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Scheme 5 
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(a) (S)-1 -phenylethyl alcohol, DMAP, EtBN, toluene, -78 “C, 83%; (b) LiBHEt3, THF, 0 “C, 
then 1 M HCI, 89%; (c) MeMgI, ether-THF, reflux, 86%; (d) (S)-a-methoxy-a- 
(trifluoromethyl)-phenylacetyl chloride, DMAP, toluene, 88% 22a and 9% 22b; 

(e) POC13, pyridine, 85 “C, 83%; (f) BH3*THF, THF, 0 “C, then 30% H20TNaOH, 
81% 24a and 5% 24b; (g ) (COCl)2, DMSO, CH2C12, -78 “C, then Et3N, -78 “C; 
(h) KMn04, pH 7 phosphate buffer, t-BuOH, 86% from 24a; (i) Na2Ru04, 1 M NaOH, 86%. 
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Scheme 6 
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60% 6 and 22% 27 from 8; (d) DCC, DMAP, DMAPeHCI, CHCI,, 64%; (e) Ph,C*BF,, 
CH&I,, then 1 M HCI, 86%. 

group in 26 at the more highly substituted carbonyl group in 7 may be explained by the nucleophilic approach 
trajectory analysis*9 and the electronic effect of an a-alkoxy substituent. Direct reaction of 3 and 7 was 
inferior to the tin-mediated esteritication: The chemical yield was decreased owing to substantial formation of the 
lactone 28 from 7 and the decreased regioselectivity for the acylation was observed. Now the stage was set for 
elaboration of the 1 l-membered dilactone moeity. Lactonization of 6 into 5 under the conditions of Corey,% 
Gerlach,2ob or Mukaiyama~ was failed. On the other hand, lactonization of 6 by the original procedure 
reported by Yamaguchi21 suffered from low chemical yield (37% 5) and the concomitant formation of the 
epimer 29 (7%). Although lactonization under Yamaguchi’s conditions in the absence of Et3N prevented 
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28 
29 

the formation of the epimer 29, the conditions still suffered from low chemical yield (37% 5). A much better 
result for the lactonization of 6 was obtained by utilizing Keck’s method.22 Thus, treatment of 6 with DCC- 
DMAP in the presence of DMAP.HCl with CHCl3 as solvent afforded 5 in 64% yield. No epimerization of the 
secondary methyl group was observed in this lactonization. Finally, deprotection of 5 with Ph3CBF4z 
provided (-)-monocrotaline (1) in 86% yield. Spectral and physical properties of synthetic monocrotaline (1) 
[mp 187-190 ‘C (decomp.) (EtGH), [u]$ -55.0’ (c 0.16, CHCl3)] were identical with those of natural 1 [mp 
189-194 ‘C (decomp.) (EtGH); [U]D1* -59.3” (c 0.60, CHC13)] in all respects. 

In conclusion, we have achieved the total synthesis of monocrotaline (l), a representative of 1 l- 
membered dilactonic alkaloids of retronecine type, in the optically active form. 

Experimental 

Melting points are uncorrected. IR spectra were taken on a JASCG IR-810 spectrophotometer. 1H NMR 
spectra were mcorded on either JEOL FK-90QE (90 MHz) or JEOL JNM-C675 (270 MHz) spectrometer: 
Chemical shifts (8) am reported in ppm downfield from internal tetramethylsilane in CDC13 or DSS in &O, and 
coupling constants in Hz. Low-resolution @MS, CIMS, DCIMS, and FABMS) and high-resolution mass 
spectra (HREIMS, HRCIMS, and HRFABMS) were measured on a JEOL JMS-LG2000 instrument. Fuji- 
Davison silica gel BW-820 MI-I was used for column chromatography. Merck precoated silica gel 60 Fm 
plates, 0.25 mm thickness were used for analytical thin layer chromatography (TLC) and Merck silica gel PF254 
for preparative TLC. Ether and tetrahydrofuran (TI-IF) were distilled from sodium-benzophenone ketyl under 
nitrogen. Dichlommethane (CH&!lz), pyridine, and triethylamine (Et3N) were distilled from calcium hydride 
(CaH2) under nitrogen. Dimethyl sulfoxide was distilled from CaH2 under reduced pressure. Toluene, and 
benzene were distilled from sodium under nitrogen. Methanol (MeOH) was distilled from Mg(OMe)z under 
nitrogen. Chloroform (CHCl3) was distilled from P205 under nitrogen. Unless otherwise stated, the organic 
solutions obtained by extractive workup were washed with saturated aqueous NaCl solution, dried over 
anhydrous sodium sulfate (Na2S04) and concentrated under reduced pressure by a rotary evaporator. 

mew-2,3-Dimethyl-2,3-methylenedioxysuccinic Acid (12). To a solution of meso-2,3-dimethyl- 
2,3dihydroxysuccinic acid diethyl ester (II)8 (56.6 mg, 0.241 mmol) in CHC13 (2 ml) were added P2O5 (300 
mg) and dimethoxymethane (0.32 ml). The mixture was vigorously stirred at 50 ‘C for 1.5 h. The reaction 
mixture was decanted and the supematant solution was transferred into a separatory funnel. The supematant 
organic solution was washed with saturated NaHCG3 solution (1 ml). The residue remained in the reaction 
flask was dissolved in saturated NaHCG3 solution (5 ml), and the aqueous mixture was extracted with ether (4 
x 5 ml). The supematant organic solution and the ethereal extracts were combined, dried, and concentrated 
under reduced pressure, yielding an oily residue. Purification by column chromatography on silica gel (5 g) 
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with 60:1+5:1 benzene-edter prwided meso-2,3dimethyl-2,3-methylencdioxysucciuk acid diethyl ester 
(50 mg, 85%) as a pale yellow oil: IR (CHC13) 1745,1290,1140,1020, and 1005 cm-l; 1H NMR (90 MHz, 
CDCl3) 6 1.29 (6 I-I, t, J = 7.1 I-Ix), 1.53 (6 H. s). 4.19 (4 H, q, J = 7.1 Hz), 5.16 (1 H, d, J = 1.2 Hz), and 
5.31 (1 H, d, J = 1.2 Hz); CIMS m/z (relative intensity) 247 [(M+H)+, 601,201 (18), 173 (lOO), and 55 (30) 
[EIRCIMS. Found 247.1185. CltHl906 [(M+H)+] requires: 247.11811. To a solution of meso-2,3- 
dimethyl-2,3-metbylenedioxysuccinic acid diethyl ester (1.86 g, 7.56 mmol) in THF (20 ml) was added 10% 
aqueous LiOH solution (18 ml). After being stirted vigorously at 50 “C for 7 h, the reaction mixture was 
cooled to room temperature, and concentrated to ca. 15 ml under reduced pressure. The mixture was cooled to 
0 Y!, and adjusted to pH 1 with cont. HCl. The resulting aqueous mixture was extracted with EtOAc (3 x 15 
ml). Tbe combined extracts were washed, dried, and concentrated to leave crude crystals of I2 (1.40 g, 98%). 
This material was sufficiently pure by TIC and 1H NMR spectral analyses, and used for the next reaction 
without further purification. The analytical sample was obtained by tecrystalliition from hexane-EtCAc. 
12: mp 126-127 ‘C (hexane-EtOAc); IR (KBr) 34oo-2400 (broad), 1750,1735,1675.1145,1110, and 990 
cm-l; 1H NMR (270 MHz, CD3COCD3) 8 1.46 (6 H. s), 5.13 (1 H, d, J = 1.3). and 5.23 (1 H, d, J = 1.3 
Hz); CIMS m/z (relative intensity) 191 [(M+H)+, 51, 190 @I+. 4). 185 (46), 146 (76), 127 (85) 115 (31), 101 
(lOO), 100 (80), and 87 (65). Anal. Calcd for C7Ht&: C, 44.22; H, 5.30. Found: C, 44.25; H, 5.35. 

meso-2,3-Dimethyl-2,3-methylenedioxysuccinic Anhydride (9). A mixture of 12 (97.0 mg, 0.511 
mmol) and acetic anhydride (0.48 ml, 5.1 mmol) in CI-I$12 (5 ml) under nitrogen was heated under reflux for 5 
h, cooled to room temperature, and then concentrated under reduced pressure. The residue was areotroped 
with benzene (3 x 1 ml) to give pure, moisture-sensitive 9 (88.6 mg, quantitative) as colorless crystals: mp 
76.5-78.0 “C (hexane-benzene); IR (CHC13) 1875,1800,1120,1105.1065,1010, and 950 cm-l; tH NMR 
(270 MHz, toluene-da) 8 1.08 (6 H, s), 4.21 (1 H, d, J = 1.3 Hz), and 4.68 (1 H, d, J = 1.3 Hz); CIMS m/z 
(relative intensity) 173 [(M+H)+, 21, 145 (lOO), 127 (ll), 115 (32), 102 (65), 101 (75) 100 (94), 99 (55), and 
87 (54) [HRCIMS. Found: 145.0484. QI-lgOq [(M+H-CO)+] requires: 145.05011. 

l-Methyl Hydrogen (2S*,3R*)-2,3-Dimethyl-2,3-methylenedioxysuccinate [(+)-131. A 
solution of 9 (1.27 g, 7.38 mmol) in MeOH (10 ml) under nitrogen was stirred at room temperature for 1.5 h, 
and then concentrated under reduced pressure. Purification of the residual oil by column chromatography on 
silica gel (20 g) with 150: 10: 1.6 benxene-dioxane-acetic acid provided (*)-I3 (1.50 g, quantitative) as a 
colorless oil: IR (CHC13) 3600-2500 (broad), 1745,1285, 1140, and 1155 cm-t; 1H NMR (270 MHz, CDC13) 
6 1.55 (6 H, s), 3.75 (3 H, s), 5.18 (1 H, d, J = 1.0 Hz), and 5.32 (1 H, d, J = 1.0 Hz); CIMS m/z (relative 
intensity) 205 [(M+H)+, 911, 159 (loo), 145 (82), 131 (24), 127 (30), and 101 (22) [HREIMS. Found: 
205.0741. QHl306 [(M+H)+] requires: 205.07121. 

(2R*,3S*)-2,3,4-Trimethyl-2,3-methylenedioxy-4-pentanolide [W-14]. To a mixture of Mg 
(56.8 mg, 2.34 mmol) in ether (2 ml) under nitrogen was introduced dropwise Me1 (0.14 ml, 2.34 mmol). 
The mixture was stirred at room temperature for 1 h, and cooled to 0 ‘C. To the ice-cooled ethereal solution of 
MeMgI was added dtopwise a solution of (k)-13 (53.3 mg, 0.261 mmol) in ether (2.0 ml), and the reaction 
mixture was vigorously stirred at 0 OC for 1 h. The reaction was quenched by the addition of ice-cooled, 
saturated NI&Cl solution (1 ml). The mixture was acidified with 1 M HCI (2 ml), stirred for 10 min at room 
temperature, and then extracted with ether (5 x 5 ml). The extracts were combined, washed, dried, and 
concentrated under reduced pressure. The oily residue was purified by column chromatography on silica gel (1 
g) with lO:l+l:l hexane-ether to give (f)-14 (33.8 mg, 70%) as colorless crystals; mp 141-142 Y! (hexane- 
ether); IR (CHC13) 1775, 1160,1095, and 960 cm- 1; ‘H NMR (270 MHz, CDC13) 6 1.26 (3 H, s), 1.37 (3 H, 
s), 1.50 (3 H, s), 1.55 (3 H, s), 4.87 (1 H, s), and 5.12 (1 H, s); CIMS m/z (relative intensity) 187 [ (M+H)+, 
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lOO], 159 (9). 143 (5), 129 (18), 112 (20), 101 (19). and 99 (19) [HRCIMS. Found: 187.0940. CgH1504 
[(M+H)+J requires: 187.0970]. Anal. Calcd for CgHl404: C, 58.05; H, 7.58. Found: C, 57.61; H, 7.54. 

(2S*,3R*)-2,3,4-Trimethyl-2,3-methylenedioxy-l,4-pentanediol [(k)-151. To a solution of 
(f)-14 (50.0 mg, 0.269 mmol) in ether (1 ml) under nitrogen was added LiAlIQ (5 1 mg. 1.3 mmol). The 
reaction mixtute was stirred at room temperature for 2 h, and then cooled to 0 “C. To the cooled reaction 
mixture was added powdered NaP (600 mg), and the mixture was stirred for ca. 10 min. To the vigorously 
stined mixture was added dropwise 5% Hz0 in THF (5 ml). The mixture was stirred at room temperature for 
30 min, and filteted through a pad of Celite. The filter cake was washed thoroughly with 5% H2Cl in THP. 
The filtrate and washings were combined and concentrated under reduced pressure. The oily residue was 
purified by column chromatography on silica gel (1 g) with 1:3 hexane-ether, affording (k)-15 (48.0 mg, 94%) 
as colorless crystals: mp 106-107 ‘C (ether-hexane); IR (CHCl3) 3575,3475,1100, and 955 cm-l; 1H NMR 
(90 MHz. CDCl3) 6 1.22 (3 H, s), 1.35 (3 H, s), 1.39 (6 H, s), 2.90 (1 H, br s, OH), 3.55 (1 H, br. OH), 
3.47 (1 H, d, J = 12.0 Hz), 3.78 (1 H, d, J = 12.0 Hz), 4.98 (1 H, d, J = 1.0 Hz), and 5.08 (1 H, d, J = 1.0 
Hz); CIMS mlz (relative intensity) 191 [(M+H)+, 141, 173 (95), 159 (7), 143 (55), 127 (36), 101 (25). 99 
(26), 87 (lOO), and 85 (125). Anal. Calcd for C9Hl804: C, 56.82; H, 9.54. Found: C, 56.59; H, 9.59. 

(3R*,4S*)-5-Acetoxy-2,3,4-trimethyl-3,4-methylenedioxy-2-pentanoi [(*)-la]. A mixture of 
(k)-15 (206 mg, 1.08 mmol), pyridine (1 ml), and acetic anhydride (1 ml) was stirred at room temperature for 3 
h and concentrated under reduced pressure. The residue was azeotroped with toluene (3 x 2 ml) to give pure 
&)-la (266 mg, quantitative) as colorless crystals: mp 51.5-52.5 “C (hexane); IR (CHC13) 3575, 1740, 1245, 
1140,1120,1105, and 960 cm- l; lH NMR (90 MHz, CDC13) 6 1.22 (3 H, s), 1.26 (3 H, s), 1.33 (3 H, s), 
1.36 (3 H, s), 2.09 (3 H, s), 2.50 (1 H, br s, OH), 4.11 (1 H, d,J = 12.1 Hz), 4.61 (1 H, d.J = 12.1 Hz), 
5.00 (1 H, d, J = 1.1 Hz), and 5:09 (1 H, d, J = 1.1 Hz); CIMS m/z (relative intensity) 233 [(M+H)+, 33,232 
(5), 216 (lo), 215 (50), 185 (25), 174 (12), 173 (20), 157 (9). 143 (70), 127 (53), 99 (53), and 87 (100). 
Anal. Calcd for CtlH2005: C, 56.88; H, 8.68. Found: C, 56.51; H, 8.79. 

(3R*,4S*)-S-Acetoxy-2,3,4-trimethyl-3,4-methylenedioxy-l-pentene [(f)-171. To a solution 
of (&)-la (150 mg, 0.646 mmol) in pyridine (5 ml) under nitrogen was added POC13 (0.12 ml, 1.29 mmol) and 
the mixture was heated at 90 ‘C for 8 h. After the reaction mixture was cooled to 0 “C, ice (1 g) was added, and 
the mixture was extracted with ether (4 x 5 ml). The combined extracts were washed, dried, and concentrated 
under reduced pressure to give an oily residue. Purification by column chromatography on silica gel (2 g) with 
2:l hexane-ether gave (f)-17 (126 mg, 91%) as a colorless oil: IR (CHC13) 1740, 1645, 1255, 1135, and 
1105 cm-l; 1H NMR (270 MHz, CDC13) 8 1.31 (3 H, s), 1.37 (3 H, s), 1.80 (3 H, m), 2.08 (3 H, s), 3.79 (1 
H,d,J=11.5Hz),4.11(1H,d,J=11.5Hz),4.92(1H,m),5.08(1H,d,J=1.0Hz),5.11(1H,d,J= 
1.0 Hz), and 5.22 (1 H, m); CIMS m/z (relative intensity) 215 [(M+H)+, 451, 185 (43), 173 (5), 155 (5). 141 
(20), 125 (67), 117 (23), 11 (42), 101 (56), 100 (84), 98 (lOO), 95 (33), and 83 (58) [HRCIMS. Found: 
215.1304. CllHt904 [(M+H)+] requires: 215.12841. 

(2S*,3R*,4S*)-5-Acetoxy-2,3,4-trimethyl-3,4-methylenedioxy-l-pentanol [(+)-Ha]. To a 
solution of (f)-17 (17.0 mg, 0.0794 mmol) in THP (0.2 ml) under nitrogen was added a 1.0 M solution of 
BHs.THP in THF (0.125 ml, 0.125 mmol), and the mixture was stirred at room temperature for 2 h. To the 
reaction mixture were added 3 M NaOH (0.01 ml) and 30% Hz@ (0.013 ml), and the mixture was stirred at 
room temperature for an additional 2 h. The reaction mixture was diluted with water (1 ml), and the aqueous 
mixture was extracted with ether (4 x 5 ml). The extracts were combined, washed, dried, and concentrated to 
leave an oily residue. Purification by column chromatography on silica gel (1 g) with 1: 1 hexane-ether 
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provided (f)-18a (11.5 mg, 63%) as a colorless oil, together with a 1:l mixture15 of (zt)-1Sa and (f)-18b (2.7 
mg, 14%) as a colorless oil. (f)-18a: IR (CHC13) 3625, 3500, 1740, 1245, and 1110 cm-l; tH NMR (270 
MHz, CDC13) 6 1.12 (3 H, d, J = 6.9 Hz), 1.12 (3 H, s), 1.34 (3 H, s). 2.05 (1 H, m), 2.12 (3 H, s), 3.44 (1 
H, dd, J = 7.4, 10.6 I-Ix). 3.70 (1 H, dd,J = 5.3, 10.6 Hz), 4.15 (1 H, d, J= 11.2 Hz), 4.27 (1 H, d, J = 
11.2 Hz), 4.98 (1 H, d, J = 1.2 I-Ix), and 5.00 (1 H, d, J = 1.2 I-Ix); CIMS m/z (relative intensity) 233 
[(M+H)+, 803,215 (47). 203 (65), 186 (60), 173 (46). 159 (45). 155 (86). 143 (86). and 125 (100) 
[HRCIMS. Found: 233.1401. CIIH2105 [(M+H)+] requires: 233.13891. The 1H NMR spectral data (270 
MHz, CDC13) for the minor (f)-18b: 6 0.89 (3 H, d, J = 7.3 Hz), 1.17 (3 H, s), 1.33 (3 H, s), 2.05 (1 H, m), 
2.11 (3 H, s), 3.44 (1 H, dd, J = 5.0, 11.0 Hz), 3.86 (1 H, dd, J = 8.6, 11.0 Hz), 4.02 (1 H, d, J= 11.2 Hz), 
4.30(1H,d,J= 11.2Hz),5.01 (1 H,d,J= 1.1 Hz),and5.04(1H,d.J= 1.1 Hz). 

(2R*,3R*,4S*)-5-Acetoxy-2,3,4-trimethyl-3,4-methylenedioxypentanoic Acid [(f)-191. To 
a cooled (-78 “C), stirred solution of oxalyl chloride (0.035 ml, 0.401 mmol) in CH2Cl2 (0.6 ml) under 
nitrogen was added dropwise a solution of dimethyl sulfoxide (0.056 ml, 0.786 mmol) in CH2C12 (0.3 ml). 
The mixture was stirred for 2 min, and then a solution of (k)-18a (60.8 mg, 0.262 mmol) in CH2C12 (0.6 ml) 
was added dropwise. After the mixture was stirred for 15 min at -78 OC, Et3N (0.18 ml, 1.31 mmol) was 
added. The reaction mixture was stirred at -78 ‘C for an additional 1 h. The reaction was quenched with 1 M 
pH 7 phosphate buffer (0.5 ml) with simultaneous removal of the cooling bath. The mixture was extracted 
with CHzCl;? (3 x 3 ml). The organic layers were combined, dried, and concentrated. The oily residue was 
taken up in ether (ca. 5 ml), and insoluble materials were removed by filtration through a cotton plug. The 
filtration residue was washed thoroughly with ether. The filtrate and washings were combined and 
concentrated to give the crude aldehyde (60 mg) as a colorless oil. This labile aldehyde was immediately used 
for the next reaction without further purification. To a solution of the crude aldehyde (60 mg) in r-BuOH (1.6 
ml) were added 1 M pH 7 phosphate buffer (1.3 ml) and 1 M KMnO4 solution (1.6 ml, 1.6 mmol), and the 
reaction mixture was stirred for 2 min. The reaction was quenched with saturated NaHS03 solution (0.1 ml). 
The mixture was diluted with 6 M HCl(O.5 ml), and was saturated with NaCl. The resulting aqueous mixture 
was extracted with EtOAc (4 x 6 ml). The extracts were combined, washed, dried, and concentrated to leave an 
oily residue, which was purified by column chromatography on silica gel (5 g) with ether to give (zk)-19 (50.3 
mg, 78% overall from (&)-l&Q as colorless crystals: mp 76-77 ‘C (hexanc-ether); IR (CHC13) 3-2400 
(broad), 1735, 1710,1240, 1105, and 1045 cm- 1; IH NMR (270 MHz, CDC13) 6 1.32 (3 H, s), 1.34 (3 H, s), 
1.41 (3H,d,J=7.1 Hz),2.08 (3H,s),2.85 (1 H,q,J=7.1 Hz),4.13(1 H,d,J= 11.2Hz),4.28 (1 H,d, 
J = 11.2 Hz), 4.98 (1 H, d, J = 1.3 Hz), and 4.99 (1 H, d, J = 1.3 Hz); CIMS mlz (relative intensity) 186 [(M- 
AcOH)+, 671, 156 (55), 129 (69), 100 (lOO), and 83 (79). Anal. Calcd for CtlHt806: C, 53.65; H, 7.37. 
Found: C, 53.48; H, 7.43. 

(2R*,3R*,4R*)-2,3,4-Trimethyl-2,3-methylenedioxypentanedioic Acid [(f)-81. To a solution 
of (zk)-19 (19.3 mg, 0.0785 mmol) in 1 M NaOH (1 ml) was added a 0.66 M solution of Na2RuO4 in 1 M 
NaOH (3.6 ml, 0.24 mmol), and the reaction mixture was stirred at room temperature for 1 h. The reaction 
was quenched by the addition of i-PrOH (0.5 ml), and the mixture was filtered through a pad of Celite. The 
filter cake was washed with 1 M NaOH (1 ml). The filtrate and washings were combined, cooled to O-5 “C in 
an ice-bath, acidified to pH 1 with 6 M HCl, and saturated with NaCl. The resulting aqueous mixture was 
extracted with EtOAc (5 x 4 ml). The extracts were combined, washed, dried, and concentrated to leave a 
colorless solid. Purification by column chromatography on silica gel (1 g) with ether afforded (k)-8 (16.7 mg, 
98%) as colorless crystals: mp 148-150 ‘C (benzene-EtOAc); IR (CHC13) 34OCk2400 (broad), 1730,1385, 
1290, and 1130 cm-l; tH NMR (270 MHz, CDC13) 6 1.37 (3 H, d, J = 7.4 Hz), 1.50 (3 H, s), 1.53 (3 H, s), 
3.13(1H,q,J=7.4Hz),5.07(1H,d,J=0.8Hz),and5.12(1 H,d,J=0.8Hz);DCIMSm/z(relative 
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(2’R,3R,4S)-5-[2’-Methoxy-2’-(trifluoromethyl)phenylacetoxy]-2,3,4-trimethyl-3,4- 
methylenedioxy-2-pentanol (22a) and (2’R,3S,4R)-S-(2’-Methoxy-2’- 
(trifluoromethyl)phenylacetoxy]-2,3,4-trimethyl-3,4-methylenedioxy-2-pentanol (22b). A 
mixture of (R)-(+)-a-methoxy-a-(trifIu~ethyl)phenylacetic acid [(+)-MTPA] (125 mg, 0.534 mmol) and 
oxalyl chloride (0.2 ml, 2.4 mmol) was heated under reflux for 1 h. After cooling, the reaction mixture was 
concentrated under reduced pressure to give the crude acid chloride of (+)-MTPA. The crude acid chloride was 
areotroped with toluene (3 x 2 ml) and used for the next reaction without further purification. To an ice-cooled, 
stirred solution of the acid chloride in toluene (1 ml) under nitrogen were added 4-(dimetbylamino)pyridine (70 
mg, 0.576 mmol) and a solution of I!! (30.4 mg, 0.160 mmol) in toluene (1 ml). The ice-bath was removed, 
and the reaction mixture was stirred at room tempemture for 2 h. The mixture was retooled to 0 “C and washed 
with successively with 1 M HCl(1 ml) and saturated NaHC@ solution (1 ml). The organic layer was dried 
and concentrated to give an oily residue. Purification by column chromatography on silica gel (1 g) with 3:l 
hexane-ether gave a 9.4~1 mixture15 of 22a and 22b (64.0 mg, 98%) as a colorless oil. Separation of the 
mixture by HPLC [Develosil ODS lo/20 (250 mm x 20 mm ID), 50% EtOH, flow rate 5.5 ml/min, detection 
UV 256 nm] provided pure 22a (56.9 mg, 88%) and 22b (5.5 mg) (9%) as a colorless oil, respectively. 22a: 
[a]~$7 +22.1’ (c 0.97, CHCl3); IR (CHC13) 3560, 1750. 1270, 1170. 1120, and 1100 cm-*; *H NMR (270 
MHz, CDC13) 6 1.21 (3 H, s), 1.23 (3 H, s), 1.33 (3 H, s), 1.35 (3 H, s), 2.48 (1 H, br, OH), 3.61 (3 H, q, J 
=1.3Hz),4.08(1H,d,J=12.2Hz),5.01(1H,d,J= 1.2Hz),5.10(1H,d,J=l.2Hz),5.11 (lH,d,J= 
12.2 Hz), 7.39 ( 3 H, complex pattern), and 7.59 (2 H, complex pattern); CIMS m/z (relative intensity) 407 
[(M+H)f I], 389 (29), 359 (5), 259 (6), 173 (loo), 143 (39), 99 (89) and 87 (45) [HRCIMS. Found: 
407.1654. CtgH2&& [(M+H)+] requires: 407.16821. 22b: [a]~20 +50.9’ (c 0.96, CHCl3); IR (CHCl3) 
3560, 1750, 1270,1175, 1120, and 1100 cm- I; IH NMR (270 MHz, CDC13) 6 1.20 (3 H, s), 1.24 (3 H, s), 
1.27 (3 H, s), 1.33 (3 H, s), 2.45 (1 H, br, OH), 3.56 (3 H, q, J = 1.3 Hz), 4.12 (1 H, d, J = 12.2 Hz), 5.00 
(1 H, d,J = 1.0 Hz), 5.12 (1 H, d,J = 12.2 I-Ix), 5.15 (1 H, d, J = 1.0 Hz), 7.39 ( 3 H, complex pattern), and 
7.55 (2 H, complex pattern); EIMS m/z (relative intensity) 406 (M+. 3), 347 (lo), 318 (lo), 259 (4), 189 
(lOtI), 159 (25), 114 (48), and 101 (86) [HREIMS. Found: 406.1604. CIgH2506F3 (M+) requires: 
406.16031. 

(2’R,3R,4S)-S-[2’-Methoxy-2’-(trifluoromethyl)phenylacetoxy]-2,3,4-trimethyl-3,4- 
methylenedioxy-1-pentene (23). To a solution of 22a (112 mg, 0.276 mmol) in pyridine (1 ml) under 
nitrogen was added POC13 (0.05 ml, 0.55 mmol), and the mixture was heated at 85 ‘C for 17 h. The reaction 
mixture was cooled to 0 ‘C, and ice (1 g) was added. The mixture was stirred for ca. 10 min, and acidified to 
pH 1 with cont. HCl. The resulting aqueous mixture was extracted with ether (4 x 5 ml). The combined 
extracts were washed, dried, and concentrated to leave an oily residue. Purification by column chromatography 
on silica gel (5 g) with 1: 1 hexane-ether yielded 23 (88.6 mg, 83%) as colorless crystals: mp 57.0-59.0 ‘C 
(permute); [o]D” +2.90’ (c 0.99, CHCl3); IR (CHCl3) 1750, 1640, 1270, 1170, 1120, and 1105 cm-t; *H 
NMR (270 MHz, CDC13) 6 1.29 (3 H, s), 1.35 (3 H, s), 1.68 (3 H, m), 3.60 (3 H, q, J = 1.3 Hz), 3.75 (1 H, 
d,J=11.5Hz),4.57(1H,d,J=11.5Hz),4.84(1H,m),5.08(1H,d,J=1.0Hz),5.12(1H,d,J=l.0 
Hz), 5.22 (1 H, m), 7.40 (3 H, complex pattern), 7.56 (2 H, complex pattern); CIMS m/z (relative intensity) 
389 [(M+H)+, lOO], 359 (29), 189 (29), 156 (28), 155 (50), 125 (95), and 99 (98). Anal. Calcd for 
CtgH2305F3: C, 58.76; H, 5.97. Found: C, 58.76; H, 5.96. 

(2’R,2S,3R,4S)-S-[2’-Methoxy-2’-(trifluoromethyl)phenylacetoxy]-2,3,4-trimethyl-3,4- 
methylenedioxy-1-pentanol (24a) and (2’R,2R,3R,4S)-S-[2’-Methoxy-2’- 
(trifluoromethyl)phenylacetoxy]-2,3,4-trimethyl-3,4-methylenedioxy-l-pentanol (24b). To 
an ice-cooled, stirred solution of 23 (26.4 mg, 0.068 mmol) in THF (0.2 ml) under nitrogen was added a 1 .O 
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M solution of BHs.THF in THF (0.1 ml, 0.1 mmol). After the reaction mixture was stirred at 0 OC for 20 h, 3 
M NaOH (0.01 ml) and 30% H202 (0.013 ml) were added. The mixture was stirted at mom temperatme for 3 
h. diluted with water (1 ml). and saturated with NaCl. The resulting aqueous mixture was extracted with 
EtOAc (4 x 5 ml). The extracts were combined, washed, dried, and concentrated to leave an oily residue. 
Purification by column chromatography on silica gel ( 1 g) with 6: l+ 1: 1 hexane-ether provided the desired 24a 
(22.3 mg, 81%) as colorless crystals, together with the stereoisomer 24b (3.2 mg, 5%) as a colorless oil. 
24a: mp 71.0-72.5 ‘C (hexansether); [u]@ +34.1’ (c 0.58, CHC13); IR (CHC13) 3625,3575, 1755, 1270, 
1175. 1120, and 1105 cm-l; lH NMR (270 MHz. CDCl3) 6 0.99 (3 H, d, J = 6.6 Hz), 1.08 (3 H, s), 1.36 (3 
H, s), 1.81 (1 H,m), 3.22(1 H,dd,J=6.8, 11.1 Hz), 3.50(1 H,dd,J=6.3, 11.1 Hz), 3.61 (3H, q,J= 
1.3 Hz), 4.18 (1 H, c/J= 11.2 Hz), 4.60 (1 H, d, J= 11.2 Hz), 4.96 (1 H, d,J = l.OHz), 4.98 (1 H,d,J = 
1.0 Hz), 7.42 (3 H, complex pattern), and 7.55 (2 H, complex pattern) ; CIMS mfz (relative intensity) 407 
[(M+H)+, 921,389 (7), 359 (36), 347 (14), 329 (5). 173 (73). 155 (100). 143 (42), and 125 (25). Anal. 
Calcd for ClgH250&: C, 56.15; H, 6.20. Found: C, 56.12; H, 6.27. 24b: [c+~‘~ +31.1° (c 0.46, 
CHC13); IR (CHC13) 3540,1755,1270,1170,1110, and 1100 cm-l; lH NMR (270 MHz, CDC13) 6 0.71 (3 
H, d, J= 7.3 Hz), 1.15 (3 H, s), 1.32 (3 H, s), 1.92 (1 H, m), 3.35 (1 H, dd, J = 4.5, 11.3 Hz), 3.61 (3 H, 
q,J=1.3Hz),3.81(1H,dd,J=8.6,11.3Hz),4.03(1H,d,J=11.2Hz),4.69(1H,d,J=11.2Hz), 
5.00 (1 H, d, J = 1.0 Hz), 5.03 (1 H, d, J = 1.0 Hz), 7.42 (3 H, complex pattern), and 7.55 (2 H, complex 
pattern) ; CIMS tn./z (relative intensity) 407 [(M+H)+, 651,389 (25), 359 (67), 347 (20), 329 (12), 173 (lOO), 
155 (44). 143 (65), and 125 (25) [HRCIMS. Found: 407.1659. CtgH2&& [(M+H)+l requires: 
407.16821. 

(2’R,2R,3R,4S)-5-[2’-Methoxy-2’-(trifluoromethyl)phenylacetoxy]-2,3,4-trimethyl-3,4- 

methylenedioxypentanoic Acid (25). To a cooled (-78 “C), stirred solution of oxalyl chloride (0.006 
ml, 0.07 mmol) in CH2C12 (0.1 ml) under nitrogen was added dropwise a solution of dimethyl sulfoxide (0.01 
ml, 0.15 mmol) in CH2Cl2 (0.05 ml). The mixture was stirred for 2 min, and a solution of 24a (16.5 mg, 
0.0406 mmol) in CH2C12 (0.4 ml) was added dmpwise. After the mixture was stirred for 2 min at -78 “C, 
Et3N (0.028 ml, 0.20 mmol) was added. The reaction mixture was stirred at -78 “C for an additional 1 h. The 
reaction was quenched by addition of 1 M pH 7 phosphate buffer (0.6 ml) with simultaneous removal of the 
cooling bath. The aqueous mixture was extracted with CH2C12 (5 x 3 ml). The organic layers were 
combined, dried, and concentrated. The oily residue was taken up in ether (ca. 5 ml), and insoluble materials 
were removed by filtration through a cotton plug. The filtration residue was washed thoroughly with ether. 
The filtrate and washings were combined and concentrated to give the crude aldehyde (21 mg) as a colorless oil. 
This labile aldehyde was immediately used for the next reaction without further purification. To a solution of 
the crude aldehyde (21 mg) in t-BuOH (0.24 ml) were added 1 M pH 7 phosphate buffer (0.2 ml) and 1 M 
KMn04 solution (0.24 ml, 0.24 mmol), and the reaction mixture was stirred for 5 min. The reaction mixture 
was cooled to O-5 “C with an ice-bath, and saturated NaHS03 solution (0.2 ml) was added. The mixture was 
stirred for ca. 10 min, diluted with 6 M HCl(0.2 ml), and saturated with NaCl. The resulting aqueous mixture 
was extracted with EtOAc (5 x 4 ml). The extracts were combined, washed, dried, and concentrated to leave a 
colorless solid Purification by column chromatography on silica gel ( 1 g) with 6: 141 :l hexane-ether 
provided 25 (14.7 mg, 86% overall from 24a) as colorless crystals: mp 116-118 “C (hexane-ether); [a]~~* 
+ll.O’ (c 0.59, CHC13); IR (CHC13) 3400-2500 (broad), 1745, 1710, 1270, 1170, 1110, and 1100 cm-t; lH 
NMR (270 MHz, CDCl3) 6 1.28 (3 H, s), 1.29 (3 H, s), 1.37 (3 H, d, J = 7.0 Hz), 2.77 (1 H, q, J = 7.0 Hz), 
3.59 (3 H,q,J= 1.3 Hz), 4.18 (1 H,d,J= 11.2 Hz), 4.87 (1 H,d,J= 11.2 Hz), 4.97 (1 H, d,J= l.OHz), 
4.99 (1 H, d, J = 1.0 Hz), 7.40 (3 H, complex pattern), and 7.56 (2 H, complex pattern); CIMS m/z (relative 
intensity) 421 [(M+H)+, 51,416 (6), 373 (6), 329 (8), 259 (15), 203 (12), 189 (30). 187 (lOO), 175 (25), and 
173 (35). Anal. Calcd for ClgH2307F3: C, 54.29; H, 5.51. Found: C, 54.24; H, 5.52. 
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Monocrotaline Methylene Acetal (5). (A) Lactonization by Yamagwhi’s Method. To a stirred 
solution of 6 (17.0 mg. 0.0479 mmol) in THF (0.5 ml) under nitrogen was added Et3N (0.013 ml, 0.096 
mmol). Subsequently a solution of 2,4&richlorobenzoyl chloride (23 mg, 0.096 mmol) in THF (0.5 ml) was 
added and the teaction mixture was stirred at room temperature for 3.5 h and diluted with toluene (3 ml). The 
mixture was added dropwise over a l-h period to a t&king toluene (10 ml) solution containing 4- 
(dimethylamino)pyridine (35.1 mg, 0.287 mmol) under nitrogen, and the mixture was heated under reflux for 
an additional 10 min. After being cooled to room temperatum, the reaction mixture was concentrated to leave 
an oily residue, which was purified by preparative TLC on silica gel (70: 10: 1 CHCl~MeOH-conc. NH3), 
affording a mixture of hydrochlorides of 5 and 29. Free 5 and 29 were obtained by dissolving the salts in 
CHC13 (2 ml) and by washing the CHC13 solution with saturated NaHCO3 solution (0.5 ml). Concentration of 
the CHC13 solution afforded a mixture of free 5 and 29 (10.5 mg) as a colorless oil. Separation of the 
mixture by HPLC [Develosil OD-lo/20 (250 x 20 mm ID), 3tk70 CH3CN-O.04 M NH~OAC, flow rate 8 
ml/min, detection UV 217 nm] provided pure 5 (5.9 mg, 37%) as colorless crystals, along with the 
stereoisomer 29 (1.1 mg. 7%) as a colorless oil. 5: mp 175-178 ‘C (decomp.) (MeOH); [CZ]D14 +19.6 (c 
0.28, CHQ3) [authentic sampleY mp 177-179 “C (decomp.) (MeOH), [ccl$7 +20.3” (c 0.55, CHC13)]; IR 
(CHC13) 1740.1190.1130, and 1115 cm- t; lH NMR (270 MHZ, CDC13) 6 1.29 (3 H, d, J = 7.2 Hz), 1.42 (3 
H, s), 1.47 (3 H, s), 2.0-2.1 (2 H, m), 2.58 (1 H, m), 2.63 (1 H, q, J= 7.2 Hz), 3.30 (1 H, ddd. J = 2.1, 
6.9,9.1 Hz), 3.43 (1 H, dd, J = 5.1, 15.9 Hz), 3.91 (1 H. dd. J = 2.6, 15.9 Hz), 4.33 (1 H, d, J= 12.0 Hz), 
4.35 (1 H. m), 5.09 (1 H, d, J = 1.5 Hz), 5.24 (1 H, d, J = 1.5 Hz), 5.30 (1 H, ddd, J = 2.0, 4.3, 4.3 Hz), 
5.36 (1 H, d, J = 12.0 Hz), and 6.01 (1 H, br s); CIMS m/z (relative intensity) 338 [(M+H)+, lOO], 293 (6), 
214 (5), 201 (6), 173 (29), and 120 (45). Anal. Calcd for CljH23NQj: C, 60.52; H, 6.87; N, 4.15. 
Found: C, 60.24; H, 6.83; N, 4.16. 29: [0l]o14 +13.6’ (c 0.14, CHC13); IR (CHCl3) 1735, 1255, 1130, and 
1105 cm-*; lH NMR (270 MHz, CDCl3) 6 1.12 (3 H, d, J = 7.4 Hz), 1.49 (3 H, s), 1.59 (3 H, s), 2.0-2.2 (2 
H. m), 2.66 (1 H, m), 2.93 (1 H, q, J = 7.4 Hz), 3.4-3.5 (2 H, m), 4.06 (1 H, d, J =16.5 Hz), 4.43 (1 H, d, 
J = 12.2 Hz), 4.57 (1 H. m), 5.08 (1 H, d, J = 1.5 Hz), 5.28 (1 H, d, J = 1.5 Hz). 5.32 (1 H, m), 5.32 (1 H, 
d, J = 12.2 Hz), and 6.04 (1 H, br s); CIMS m/z (relative intensity) 338 [(M+H)+, 371,250 (5), 136 (9), and 
120 (100) [HRCIMS. Found: 338.1616. C17H~Noa [(M+H)+] requires: 338.16041. 
(B) Lactonization by Keck’s Method. To a mixture of 6 (11.7 mg, 0.033 mmol), 4- 
(dimethylamino)pyridine (13.0 mg, 0.107 mmol), and 4-(dimethylamino)pyridine hydrochloride (11.2 mg, 
0.074 mmol) in CHC13 (1.2 ml) under nitrogen was added dicyclohexylcarbodiimide (14.9 mg. 0.0723 mmol). 
The reaction mixture was stirred for 85 h, and directly subjected to separation by column chromatography on 
silica gel (5 g) with 40: 1+20: 1+5: 1 CHC13-MeOH, yielding 5 (7.1 mg, 64%). 

(-)-Monocrotaline (1). To a solution of 5 (10.1 mg, 0.0298 mmol) in CH2C12 (1 ml) under nitrogen was 
added n-iphenylcarbenium tetrafluoroborate (PhjCBF4) (24 mg, 0.073 mmol), and the reaction mixture was 
heated under xeflux for 48 h. After cooling, the reaction mixture was extracted with 1 M HCl(3 ml). The 
aqueous layer was washed with CH2C12 (2 x 2 ml), allowed to stand at room temperature for 17.5 h, and made 
basic (pH 9) with saturated NaHC03 solution. The resulting mixture was saturated with NaCl, and extracted 
with EtOAc (4 x 8 ml). The combined extracts were washed, dried, and concentrated. The residual oil was 
purified by column chromatography on silica gel (1 g) with 100:5:1 CHClg-MeOH-conc. NH3, providing (-)- 
1 (8.4 mg, 86%) as colorless crystals: mp 187-190 ‘C (decomp.) (EtOH) ; [a]D12-55.00 (c 0.16, CHC13) 
Wt.6 mp 197-198 “C (decomp.) (EtOH); [CZ]D -54.7’ (c 5.05, CHC13)] [natural 1: mp 189-194 ‘C (decomp.) 
(EtOH); [cz]D~~ -59.3” (c 0.60, CHC13)]; IR (CHC13) 3540,1735,1190, and 1110 cm-l; 1H NMR (270 MHz, 
CDC13) 6 1.22 (3 H, d, J = 7.0 Hz), 1.35 (3 H, s), 1.44 (3 H, s), 2.1-2.2 (2 H, m), 2.63 (1 H, m), 2.80 (1 
H, q, J = 7.0 Hz), 3.31 (1 H, m), 3.51 (1 H, dd, J = 4.0, 16.6 Hz), 3.98(1 H, d, J = 16.6 Hz), 4.49 (1 H, 
m), 4.69 (1 H, d, J = 12.0 Hz), 4.91 (1 H, d, J = 12.0 Hz), 5.08 (1 H, m), and 6.05 (1 H, br s); CIMS m/z 
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(relative intensity) 326 [(M+H)+, IOO], 325 (M+, 15), 324 (29), 308 (21), 283 (a), 264 (19), 236 (18), 151 
(12), 138 (35), and 120 (96) [HRCIMS. Found: 326.1590. Ct&I~NO6 [(M+H)+] requires: 326.X04]. 
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