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A NEW SYNTHESIS OF BOTH THE ENANTIOMERS OF GRANDISOL,
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Abstract - The pure enantiomers of grandisol (2-isopropenyl-1-methylcyclobutane—
ethanol), the pharomone component of Anthonomus grandis Boheman, were synthesized
employing ethyl (R)-3-hydroxybutanoate as the single chiral source,

In 1967 Tumlinson et al. isolated four new monoterpenes A (=1a), B, C and D (Fig. 1) as
the components of the male-produced pheromone of the boll weevil, Anthonomus grandis
Boheman.1 *2 The chiral cyclobutane derivative (2-isopropenyl-1-methylcyclobutaneethanol)
1a was named grandisol, which attracted attention of many synthetic chemists due to its
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Fig. .. The components of the boll weevil pheromone,

unique structure. A number of syntheses of (t)-1a was reported to date.>-® The absolute
configulation of the naturally occurring (+)-grandisol 1a was determined to be 1R,2S by
its synthesis from (-)-f-pinene as reported by Hobbs and Magnus.9 Since then several
chiral syntheses of grandisol were accomplished resulting in the preparation of both (+)-
120 and (-)-1a'19/17, (4)-1a'2, (-)-12'?3 and both (+)-1a and (-)-1a".'4

Our own synthesis of both the enantiomers of grandisol enabled us to evaluate their
pheromone a<:t:iv:|.ty.1c"11 Unexpectedly, even the unnatural (-)-grandisol was found to be
fully biouct:l.ve.11 This was indeed quite an unusual case among bioactive natural
products. So as to know more about the pheromone activity of grandisol enantiomers,

fnmmauu,mmo. Part 99, 8 Senda and K. Mori, Mgric. Biol. Chem, in press. This work was presented
as a part of KM.'s lecture at the Amual Nesting of the Chemical Society of G De ic blic (Halle, December 3,

19686), The exparimental part of this work was taken from a part of the forthooming M.Sc. thesis of MM, (March, 1968).
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Fig. 2. Synthetic plan.

highly pure (+)-1a and (-)-1a' were in urgent need. We therefore decided to develop a new
synthesis by which sufficient amounts of grandisol enantiomers would be supplied.

Our synthetic plan as shown in Fig. 2 is based on the use of a chiral building block 2
of microbial origin. Enantiomerically pure ethyl (R)-3-hydroxybutanoate 2 is readily
available by ethanolysis of poly(3-hydroxybutanocate) (PHB) produced by Zoogloea
r:ami.gera.’s"I6 The key-reaction in our synthesis is the intramolecular cycloaddition of
olefinic ketene B to give a mixture of bicyclic cyclobutanones F and G. The usefulness of
intramolecular cycloadditions of olefinic ketenes has recently been established in
alicyclic chemistry.17‘19 The cyclobutanone F is to be converted to (+)-grandisol 1la,
while the isomer G leads to (-~)-1a‘'. This plan was realized as detailed below resulting
in the preparatioﬁ of the pure enantiomers of grandisol.

The first phase of our work was the preparation of the key bicyclic intermediates 8a
(=F) and 9a (=G) as shown in Fig. 3. Reduction of 2 with LAH gave the known diol 3a,20:21
whose primary OH group was protected as trityl ether 3b. Treatment of 3b with NaH in DMF
was followed by etherification with CH,=CMeCH,Cl to give 4a. The trityl group of 4a was
removed by treatment with 80 % ACOH to give 4b. Oxidation of 4b with Jones reagent
furnished 5 in 56 % overall yield from 2 in 5 steps. Attempts to prepare 5 by direct 3-O-
B-methallylation of (R)-3-hydroxybutanoic acid or 2 were unsuccessfull. Acyl chloride 6
was prepared from S5 by treatment with oxalyl chloride. Subsequently, the key cyclo-
addition reaction via 7 (=B) was executed by slowly adding Et3N to a refluxing soln of 6
in a large volume of CHZC1217'19 yielding a 3.4:1 mixture of two bicyclic ketones whose
structures were later assigned as 8a and 9a, respectively (vide infra). The cycloaddition
was thus) moderately stereoselective giving the endo-Me isomer 8a as the major product.

Although these two ketones were separable by GLC, their purification by conventional
s102 chromatography was rather difficult. The mixture of ketones 8a and 9a was therefore
converted to the corresponding mixture of alcohols 10 and 11 by reduction with
LiBH(s-Bu)3. Reduction of a fused bicyclic cyclobutanone like 8a and 9a with LiBH(s-Bu)g
was known to give an .e&—alcohol.“"2 The diastereomeric alcohols 10 and 11 were readily
separable by Si0, chromatography at this stage. The structure 10 was assigned to the less
polar alcohol (obtained in 51.0 % yield from the mixture of 8a and 9a) on the basis of its
Tu NMR spectrum in which the 3 H doublet due to the Me group at C-4 was observed at §
1.58. In the TH NMR spectrum of the more polar alcohol 11 (obtained in 13.8 & yield), the
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Fig. 3. Synthesis of the bicyclic lntermgd!cfes.

3 H doublet due to C-4 Me group appeared at § 1.16. The down-field shift of the signal
due to C-4 Me group in the case of 10 must be due to the shielding effect of the OH group
at C-6, which is imn cis-relationship to the Me group at C~4. The signal due to the
methine proton at C-4 was observed at § 3.94 (1 H, dq, J=5.3, 7.0 Hz) in the case of 10,
vwhile in-the case of 11 that signal appeared at § 4.56 (1 H, br.q, J=6.7 Hz). The above
observation indicated that the methine proton at C-4 of 11 absorbing at a lower field than
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Fig. 4. Synthesis of the enantiomers of grandisol.

that of 10 must be in cis-relationship to the OH group at C-6. The coupling constant
between the proton at C-4 and that at C-5 was almost zero in the case of 11 in accord with
the assigned stereochemistry. Considering all of the above observation, the less polar
alcohol was thought to be (1S,4R,5S,6R)-10, while the more polar alcohol must be
(1R,4R,5R,6S)-11. These assignments were proved to be true by the later conversion of 10
and 11 to (+)~1a and (-)-1a’, respectively. Having solved the separation problem, what
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should be done next was to give back the ketones 8a and 9a by oxidizing the alcohols 10
and 11, respectively, under the Swern condition using DMSO and oxalyl chloride in
m2c12.23 The overall yield of 8a from 5 was 31 &, while that of Sa from 5 was 9.7 8 in 4
steps.

At this stage we thought it appropriate to estimate the enantiomeric purity of 8a and
9a. This was achieved by the GLC analyses of the acetals 8b and 9b prepared from (2R,3R)-
2,3-butanediol and the ketones 8a and 9a. Acetal prepared from chiral Ketones and
¢2R,3R)-2,3-butanediol were frequently employed for the purpose of the separation of
enantiomeric ketones by GI.C.Z"Z5 To secure a reference sample, (t)-8a, which was
separately prepared from (t)-3a, was acetalized with (2R,3R)-2,3-butanediol to give a
mixture of 8b and 12. This mixture was cleanly separable by capillary GLC. The acetal 8b
derived from 8a showed a single peak upon GLC analysis. The acetal 8b was therefore
diastereomerically pure, and hence the ketone 8a was enantiomerically pure. Similarly
(¢)-9a, which was also synthesized from (:)-3a, was acetalized to a mixture of 9b and 13.
These acetals were also separable by capillary GLC, while the acetal 9b prepared from 9a
exhibited only a single peak. The ketone 9a was therefore of 100 § e.e., too.

The conversion of the ketones 8a and 9a to the enantiomers (1a and 1a') of grandisol
was executed as shown in Fig. 4. The synthesis of (+)-grandisol 1a will be discussed
first. The Wolff-Kishner reduction of 8a with N;H4 and KOH in diethylene glycol gave
bicyclic ether 14. Treatment of 14 with Ru04—NaIO426 followed by CH,N, yielded keto ester
15, whose antipode 15' was previously prepared by Meyers and Fleming.13 Their route was
followed to convert 15 to the final product 1a. The keto ester 15 was treated with
PhyP=CH, in 1,2-dimethoxyethane to give olefinic ester 16. LAH reduction of 16 yielded
alcohol 17a, which was tosylated to give 17b as crystals in our case. Treatment of 17b
with NaCN in wet HMPAZ? furnished nitrile 18. Reduction of 18 with (i-Bu),AlH to 19 was
followed by further reduction of 19 with LAH to afford (+)-grandisol 1a in 12 % overall
yield in 8 steps from 8a. The IR and TH NMR spectra of (+)-1a were identical with those
reported previously.'? The detailed 'H and '3c NMR data are listed in the Experimental
Section as Table 2,

Similarly, the ketone 9a was converted to (-)-grandisol 1a'. Thus 9a was first reduced
to give 14°., Oxidation of 14' with RuO,-NaIO4, however, took a course slightly different
from the case with 14. The H atom at C-4 was with endo-orientation in the case of 14°,
contrary to the exo-orientation in the case of 14. Therefore in the case of 14', the H
atom at C-4 was more resistant to the oxidation than that of 14.7 Thus RuO4-NaIO,
oxidation of 14’ furnished, after methylation with CHyN5, a mixture of 20 and 15' in the
ratio of ca. 2:1. As the separation of the mixture was rather difficult, it was directly

f'm.e-dpc-iumdldmndilyadmmlo. In fact, RuO4-al04 oxidation of a diastereomaric mixture of (1)-14
and (£)-14° for a short period (10 min) yielded a mixture of products [(£)-20, (2)-22 and (£)-23). The structure of the
nev hemiacetal (£)-22 was confirmed by its conversion to (2)-17a by treatment with PhaP=CHj,
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treated with PhyP=CH, to give a separable mixture of 16° (25.5 & yield from 14°) and 20
(42.9 % yield from 14"). The lactone 20 was then converted to 21 by hydrolysis with. KOH
followed by esterification (CHj)N,) of the resulting hydroxy acid. The Swern: oxidation of
21 with DMSO and oxalyl chloride in CH2C12 gave 15', which was submitted to the Wittig
reaction yielding 16°, identical to 16' prepared by the direct route (14' + 15° + 16°).
The combined olefinic ester 16° was then reduced to 17a’, which yielded (-)-grandisol 1a’
via 17b', 18" and 19°. The overall yield of 1a' from 9a was 9.7 8. The spectral data of
t1a’ vere indistinguishable from those of 1a, although its plain positive ORD curve was
antipodal to that of la.

To confirm the high enantiomeric purity of our grandisol enantiomers, 1a and 1a’ were
converted to the corresponding {(R)-a-methoxy-a-trifluoromethylpheriylacetates (MTPA
esters)za 1b and 1b’. Their 400 MHz TH NMR spectra firmly established the satisfactory
enantiomeric purity (100 § e.e.) of our 1a and 1a’. In the case of 1b, a 3 H singlet due
to the Me group at C-1 appeared at § 1.152, while in the case of 1b’, it was observed at §
1.142. Neither comtamination of 1b with 1b’' nor that of 1b’ with 1b could be detected.

Finally, a comment should be made on the specific rotations of grandisol enantiomers.
Optical rotations of the enantiomers of .grandisol reported to date are listed in Table 1.

Table 1. Optical rotations of the enantiomers of grandisol.*

Compound [alp of (+)-1a {alp of (-)-1a'

Magnus's 1a? +16.7%c= 1, at 21.8°)

Mori's 1210 +15.7%c= 0.23, at 20°)

Mori's 12'10 -16°(c= 0.14, at 22°)

Mori's . 1a'! -18.2°c= 1.3, at 22°)
Jones's 1a'2 +14.8%(c= 1, at 25°)

Meyers's 1213 -16°(c= 1, temp not specified)
Silverstein's 1a'4 +18.4°(c= 1.1, at 25°)

Silverstein's 1a'l4 -18.1°(c= 1.2, at 25°)

The presant samples** +20.5%(c= 0.585, at 24.2°) -20.0°(c=.0.535, at 23.8°)

* measured as n-hexane soln.
** The values were calibrated by measuring the [a)p-value (+66.9° and +67.0°) of
pure saccharose in water (c= 1.001 and 1.000, at 24°)

Magnus estimated the specific rotation of pure (0)-g':"'andisoi 1a to be +18.5° basing on the
enantiomeric purity (90 % e.e.) of his starting material.? We estimated it to be +20°
basing on the direct determination by 18 NMR of the enantiomeric purity of a synthetic
intermediate.'? Meyers's (-)-ta' was reported to be of 88 8% e.e., and accordingly his
estimation for the [a]p value of pure (-)-1a’ wvas -18.2°., Jones regarded his {+)-1a as
pure as 100 & e.e.,12 although his specific rotation value was slightly smaller than the
values reported by others. The present samples of our grandisol enantiomers after
distillation showed the [al; values of ca. +20°, which were in good accord with the values
predicted by us.'® The [a]p values (+18.4° and -18.1°)'4 of silverstein's pure 1a and 1a’
are slightly smaller than our present values. It is not clear whether the values recorded
by Silverstein refer to those obtained with distilled samples or not, since no b.ps were
reported for their grandisol enantiomers.!4
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In conclusion, we were able to synthesize pure enantiomers of grandisol in amounts (290
mg of 1a and 81 mg of 1a’) sufficient for the biological test. The overall yield of (+)-
grandisol 1a from ethyl (R)-3-hydroxybutanocate 2 was 1,9 & in 16 steps, while that of (-)-
1a‘ was 0.5 8. The bicassay of our samples is now under way by Dr. J. C. Dickens of the
U.S. Department of Agriculture.

EXPERIMENTAL

All hps and mps were uncorrectad. mmmmuﬁmm-mm-mmwm
otherwise 4, 18 0R sp a were recordsd in CDCly with TMS as an internal standird at 100 MHs on a JEOL JMM PX-100
spactrometar unless othervise stated, %mmmmﬂmm3ummsummwnzsnn:m
a JAOL I FX-100 spectrometer unless ctherwise stated, Optical rotations were measured on a Jasco DIP 140 polarimetar.
ORD spectra wers measured on a Jasco J-20C spectropolarimeter., Mass spectra were recorded on 4 JBOL JMS DX-303
spactrometer at 70 eV, Puji-Devison BW-820 MH were used for §i0; column chromatogragphy.

R)-1,3-futanediol 3a. A soln of ethyl (RI-3-hydroxybutancate 2 (66 g, OS mol, [(a]}®6 —44® (c=L39, GX13)) in dry
ether (400 ml) was added dropwise to a stirred and ice-cooled suspansion of LAH (19 ¢, G5 mol) in dry ether (600 ml), The
mixture was stirred for 1 h at room temp. The usual alkaline work-up gave an oil, vhid:mdbtilhdbogin”g(%\)
of 3a, b.p. 86°/4.5 Torrs ngl-3 L4334; [a1§15 -30.7° (c=1.47, Erom) [11£.20 [a)85 -30.5¢ (c=1.51, BtO)]) MS: m/z T2
(M*-18), Tts IR and 15 MMR spectra were identical with authentic anes.2d

(R)~4-Tritylomy-2-butancl 3b. A soln of 3a (385 g, 0428 mol) and trityl chloride (123 g, 044 mol) in dry pyridine (400
ml) was stirred oveirnight at room temp, The nixture was then poured into ice—cona. HC1 and extracted with ether. The
ether soln was washed with sat CuSO4 soln, water, sat MaBOD; soln and brine, dried (Ky00;) and concentrated in vacuo to
give cxuds 3b (150 g). This was employed in the next step without further purifioation. A small portion of it was
purified by 810; chromatography to give an analytical sample, ng? L5911, [alf? -2.5° (c=l12, RtOH); wmax 3420 (s), 3170
(8), 2950 (s), 1600 (m), 1495 (s), 1450 (s), 1070 (s), 900 (s), T70 (=), 760 (8), 745 (s), 710 (s) cm~}) lE MMR & 116 (3§,
d, J=6.2 He), 1.60-1.90 (28, m), 2.82 (1W, OH), 3,05-3.50 (2H, m), 3.80-4,15 (1H, m), 7.10-7.50 (1%H, m). {(Pound: C,
83.40; H, 7.26, Calc for Cy3Hy0p: T, 83,10y B, 7.28 ¢),

(R)-3-(2-Methyl -2—propenyloxy)-1-tritylouybutane 4a. A soln of crude 3 (148 g) in dry DMP (300 ml) was added dropwise to

a suspansion of NaH (22,8 g, 60 % Aispersion in mineral oil, Q57 mol) in dry DMF (400 ml). The mixtire was stirred at
room temp for 2 h. To this was added dropwise a soln of CHy=CMeCH,CL (516 g, 0.57 mol) in dry DP (100 ml) with external
ice—cooling, After stirring at room temp for 20 min, the mixture was poured into ios~water and extracted with ether. The
other soln was washed with water and hrine, dried (Xx003) and concentrated in vacio to give crude 4a (174 g). Thia was
aaployed in the next step without further purification, A small portion of it was purified by 810, chromatography to give
an analjtical sample, ng2 1L5668) (o} -122° (c=2.23, n-haxane); vmax 1660 (w), 1600 (w), 1495 (m), 1450 (s), 1070 (s),
900 (m), 760 (m), 745 (s), 710 (a) cm~1; 3@ WMR & 1.14 (38, 4, J=6.3 He), 1.65 (3H, s), 1.60-2.10 (28, ®), 3,00-3.30 (24,
=), 3.30-4.10 (3H, m), 4.60-5.00 (28, m), 7.10-7.50 (158, m). (Found: C, 83.60; H, 7.82. Calc for Cy7H30;: C, 83.90; H,
7.82 8). This sample of 4a solidified after leaving at room temp for several weeks, mp 3L7-325°

R)-3-(2-Methy}-2: 1 ~1-batanol 4b A soln of crude 4a (172 g) in 80 8§ AcOR aq soln (900 ml) was stirred

overnight at 30°C. mmﬁmmumuf,-ﬂmrummmmgm The residus was poured
into water, neutralised with NaGH soln, saturated with NaCl and extracted with ether, The ether soln was washed with sat
NaHOO3 soln, water aod brine, dried (Ky0D3) and concentratsd in vacuo, The residue was distilled over K003 to give 47.9 g
(77,7 ¢ from 3a) of 4B, b 77°/6.5 Torry n#> 1.4362; {alf> ~47.4° (c=1.25, EtOm); vmax 3400 (s), 3100 (w), 1660 (m),
1100 (s), 1055 (s), 900 (s) cm~1; 15 NMR & 1.19 (38, 4, J=6.3 Hx), 1.77 (38, 8), 1.60-1.90 (1B, m), 2.68 (1H, OH), 3.40—
4.30 (5H, m), 4.89 (1€, m), 5.00 (1B, m); NS: m/z 144 (N*),

1= c acid 5. Jones reagent (8 N, 125 ml) was added dropwise to a stirred and ice~cooled
soln of 4b (432 g, 0.3 mol) in acetone (600 ml). 2-Propenol was added to destroy the excmss Jones reagent, Acetons soln
was decanted and concentrated in vacuo, The green residus was dissolved in brine and extracted with ether. The combined
michyuvundndvithhrmmmwvimluxmm AQquecus layer was acidified with 6 N BCl, saturated
vith HaCl and extzacted with ether. The ether soln was washed with brine, dried (NgSD,) and cancentrated in vacwo to give
393 g (83 8) of crude S. This was employed in the naxt step without further purification, A small portion of it was
purified by 8i0, chromatography to give an snalyticel ssmple, rflu:m; fa)§l -20.5° (c=0.945, EtOH)) vmax 3100 (br. s),
1720 (s), 1660 (m), 1140 (=), 1090 (=), 1060 (s), 905 (s) c-'ly H NMR & 1.27 (3B, 4, J=6,2 Hz), 1.75 (38, s), 2.51 (1K,
ad, J=15.5, 5.8 Hs), 2.61 (1H, ad, J=15.5, 6.9 He), 3,75-4,10 (3H, m), 4.89 (1H, m), 5.00 (18, m), 8.40 (18, br, COOH); M8
!/!158(.*)-
Diasterecmeric mixture of ( R)-1,4 1~ ug&gﬁ&u Oxalyl
chloride (324 mi, 762 g, 60 mmol) was added to a stirred and ice~cooled eoln of S (63 g, 40 ) in nhesmne (20 ml)
The mixture was stirred at room temp until the dissppessrance of S as chacked by IR 4 h). The aixture was then
concentrated in yacuo to give crude 6, vmax 3110 (w), 1805 (s), 1660 (w), 1110 (m), 985 (m), 910 (m), 740 (m) ca™l. This
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was dissolved in (HCl, (14 1) and the soln was stirred and heated under reflux. To this was added dropwise a soln of
Ety¥ (509 g, 50 mmol) in CH Clz (400 ml) over a pericd of 4 h, After cooling, the mixture was concentrated in vacuo at
0°. The products of six batches were bined and diluted with n-pentane. The n-pantans soln was washed with dil. HCl, 1
ul:,c»,-an-uh-m-. dried (Mg80,) anxd concentrated in vacuo at 0°. ‘The residue was distilled to give 23,7 g (704 %)
of a mixture of Sm and 9, vmax 1780 (8) ™1y QC (Column, 5  FFAP, 2 m x 4 mm at 80°+3°/min; Carrier gas, Wz, 10
)q/c:lz)x Rt Ba 174 (75 8), Sa 183 (22 §) min, This was employed in the next step without further purification,

58,68 1-3-cambd cyelo[3.2.0 -6-ol 10 #nd its (IR,4R,SR,65)-isomar 11, A soln of the mixture of 8a
and 9a (23.6 g, 0,169 mol) in dry THF (70 ml) was added Aropwise to a stirred and cooled soln of LiBH(s-Bu)z (L~
nlm., 1 N in THF, 330 ml, 033 mol) at =70° under Ar. After stirring at ~70° for 2 h, NaGAc soln (1 M, 33 ml)
followed by HyO; (35 %, 160 ml) was added dropwise to the mixture below 10°, and the mixture was stirred at room temp for
30 min, This was diluted with ether, washed with brine, 20 § NayS8,0; soln and brine, dried (Mg804) and concentrated in
vacuo. ‘The residus was purified by column chromatography (8i0;, 900 g, n-hexanerether=d:1),

Fractions eluted earlier gave 122 g (SLO §) of pre 30, hp 81°/7.5 Torr; nfl 14673; (o)l ~40.0° (c=110, ExoH)
vaax 3450 (s), 1160 (m), 1075 (m), 1040 (s), 850 (m) cn~l; 18 NMR & 122 (3H, »), 1.58 (3H, 4, J=7.0 He), 1.65-2.00 (1§,
m), 2.20-2,50 (3H, wm), 2,40 (1H, OH), 3,34 (1H, 4, J=9.5 Hz), 3.83 (1H, 4, J=9.5 Hz), 3.94 (18, 4q, J=5.3, 7.0 He), 4.40
(1B, m); 13C @R & 156, 2L5, 4.0, 433, 529, 657, 79.6, 80.1; GIC (Column, 5 & FFAP, 2 m x 4 mm at 80°+3°/min; Carrier
qas, Nz, 10 )u;/az): Rt 23,20 (single pesk) miny TIC (Merck Kieselgel 60 F-254, Art 5715, n-psntane:ether=1:3): Rf 04l
ERMS: n/x Pound: 1421068 Calc for Cgly (Ot 1420994,

Fractions eluted later gave a mixture of 10 and 11 (1.0 g, 42 W),

Practions eluted still later gave 33 g (138 %) of pure 11, bg 87.5%/5 Torrs nf>5 14493 [x)§*5 +21.0° (c=Q.80,
Et(H); vmax 3430 (s), 1165 (s), 1115 (s), 1080 (s), 1040 (s), 855 (m), 810 (m) ol la e & 116 (W, & 67 H), 128
(38, s), L.82 (1B, 44, J=7.0, 13.5 Hs), 2.10-2.50 (3H, m), 3.48 (14, &, J=8.9 He), 3.60 (1H, 4, J=8.9 Hs), 427 (1H, q,
J=7.7 He), 4.56 (1H, br.q, J=6,7 Hz); 13C NMR & 20.0, 21.8, 40.7, 42.7, 57.1, 61,7, 74.4, 76.7; GLC (Column, 5 & PFAP, 2 m
x 4 mm at 80°+3°/miny Carrier gas, Ny, LO kg/cm?): Rt 266 (singla pask) min; TIC (Merck Kieselgel 60 F-254, Art ST15, n-
pentana:ether=1:3): Rf 0.30. HRMS: m/z Found: 142,0974, Calc for Cghy40: 1420994

1,4 )= 3.2.0 .

(a) (18,6 SR)-isomer 8a. A soln of DMSO (62 ml, 80 mmol) in dry GixCly (20 nl) was added dropwise to a stirred and
cooled soln of (COC1)z (3.49 ml, 5.08 g, 40 mmol) in dry CHaCl, (B0 ml) at -60° under Ar. To this mixture was added
dropwise a soln of 10 (39 g, 275 =mol) in dry CHyCLy (30 ml) at -60% After stirring at -60° for 2 h, BtyN (84 ml, 612
g, 60 mmol) was added to the mixture. The reaction temp was allowed to raise to 0° and this temp was maintained for 1 h.
Nater was added and the mixture was diluted with npentana. The organic ecln was washed with water, dil. ACl and beine,
dried (Ng8O,) and concentrated in vacuo at 0° to give 34 g (873 §) of crule 8a. This was ewployed in the naxt step
without further purification, Ao analyticel sample was purified by distillation, by, 92°/16 Torm nd’= 14504 [a)}-5
+165° (¢=0.62, n-hexane); vmax 1775 (vs), 1250 (m), 1220 (m), 1120 (m), 1100 (m), 1070 (s), 1030 (s), 950 (m), 850 (m)
ce~l; 1 NMR § 1.35 (3H, 4, J=6.0 Hx), 1.46 (38, &), 2.80-3.20 (36, m), 3.60 (1R, 4, J=9.5 Hz), 4.07 (1R, 4, J=9,5 Bz),
385415 (18, m) ERMS: m/z Pond; 140.085%. Calc for CgHyp0y: 140.0837.

(b) (1R, 4R,56)-isomer 9u. In the same manner as described above, 213 g (15 mmol) of 11 yielded crude Sa quantitively.
This was employed in the next step without further purification. An snalytical sample was purified by distillation, bp
72°/12 Torr; ofé 14479 (alf® -123° (=044, o-hexane); vmax 1785 (s), 1265 (m), 1235 (m), 1110 (s), 1040 (s), 995 (m),
865 (m), 850 (m) cm~1; 1B NMR & 1.16 (3R, 4, J=6.7 Hz), 1.55 (38, s), 2.7-3.2 (38, a), 3.77 (18, 4, J=9.3 He), 4.01 (18, 4,
9.3 Re), 452 (1§, bryg, J=6.7 Hx), HRMS: m/z FPound: 140.0796. Calc far Cghyo0n: 140.0837.

Deternination of the enantiomeric purity of 8a and %

(a) Racemate. A soln of a mirture ¢f (i)-6a and ()-9a (ca. 3:1, 42 mg, Q3 mnol), (2R,3R)-2,3-butanediol (Aldrich, 45
ng, 0.5 mmol) and p-TeOH (catalytic amount) in CgHg (05 ml) was refluxed for 2 h with asectropic removal of water by using
¥S8-3A., The mixture was directly purified by prep. TIC (Merck Kieselgel 60 F-254, Art 5744, p-hexsne:EtORc=é:1) to give two
componenta. Less polar component, TIC (Merck Kieselgel 60 P-254, Art 5715, n-hexane:EtOAc=4:1): Rf 048, GIC (Column, OV-
101, 50 m x 0.25 mm at 140°; Carrier gas, Ny, 1.6 kg/caz): Rt 36,6 (Bb, 55.4 V), 40,2 (12, 43.7 8) min, More polar
component, TIC (under the same condition as describad above): Rf 043 GIC (under the same condition as described above):
Rt 37.7 (13, S0.9 8), 39,1 (9b, 43.3 §) min.

™) 8a. A soln of 8a (14 mg, 1 m=mol), (2R,3R)-2,3-butanediol (18 mg, 2 mmol) and p-TeCH (catalytic amaumt) in CgHg (A3
ml) was refluxed for 2 h with azectropic removal of water by using MS-3A. The mixture was diluted with ether, and washaed
with water, sat. NaHOO; soln and brine, dried (MgO4) and cancentrated in vacuo, The residus was directly eaployed for the
GIC analysis. Gc(uﬂutholmwﬂtimud-cdhd_ahow):mﬁﬂ(b.lhnhpuk)lim This peak coincided with
the former peak of the less polar component by the co-injection test. Therefore, the enantiomeric purity of 8a was prowved
to be 100 % ea. In addition, the diasterecmeric purity of 8a was proved to be 100 &

c) 9a In the same mamner as described above, 9a was convertsd to the corresponding acetal. GIC (under the same
condition as described above): Rt 447 (9, single peak) min, This peak coincided with the latter peak of the more polar
component by the co-injection test. Therefars, the enantiomeric purity of Sa was proved to be 100 § aa. The diastereo-
meric purity of 9a was algo proved to be 100 &,

1,4 1= 3.2,0 .

(a) (18,4R,5R)-Iscmer 14. A soln of 8a (34 g, 24 mmol) and NpH(®B0 (36 g, 72 mmol) in diethylens glyocol (36 ml) was
heated at 100° for 2 h. Then, KH (403 g, 72 mmol) and watar (S ml) was added to the mixture and the reaction temp was
raised to 180°. During the reaction, the product was removed from the reaction mixture by means of steam distillation.
The Adistillate was saturated with ReCl and extracted with n-p . The n—p soln was washed with brine, dried
(Mg804) and concentrated at atmospheric pressure. The residus was distilled to give 20 g (363 § form 10) of 14, bp
127-128% (al}®5 -66.0° (c=0.50, n-hexane); vmax 2710 (w), 2640 (w), 1085 (m), 1040 (s), 850 (m) cm™ly 20 MR & 122 (3,
s), 1.23 (38, 4, J=7.0 Hg), 1.60-1,90 (4H, m), 2.15-2.40 (1H, m), 3.28 (1H, 4, J=9.0 Hz), 3.75 (1H, 4, J=9,0 He), 3.87 (1H,
aq I~10, 70 BE) Mz w/x 126 (nh), .

(b) (1R, 4R,S5)-Iscmer 14° In the same manner as described above, 2.1 g (15 mmol) of 9a yielded L8 g (958 8§ from 11) of
14° bafore distillation. An analyticel sample was purified by distillation, bg 79°/145 Tormy [alf? +1%1° (c-086, n-
hexane); vmax 2700 (w), 1140 (m), 1105 (m), 1030 (s), 990 (m), 840 (m) cm™l; 1 MR & 109 (38, 4 O=66 He), 128 (38, ),
1,50-2.20 (5H, m), 3.52 (1H, 4, J=9,1 Hz), 3.70 (1H, 4, J=9.1 He), 4.07 (1H, br.q, J=6.6 Hx); MS8: n/z 126 ).
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RO, oxidation stody cu the disstereomeric mixture of (+)-L4-dimthyl-d-owhioyolo(da0leptson, A twophese mixtwe of
(£)-1,4-dimethyl-3-cmabioyalol320]heptane [ce. 3:1 mixture of (t)-14 and (£)-147, 126 ¢, 10 mmoll, MiIQy (107 g, 50
anol), W0y (665 mg, Q5 mmol), OClg (30 ml), MeQN (20 ml) and phosghate buffer (0H 7, 005 M, 30 ml) wes stirred for 10
nin, To this mizture wes a¥ied ether and.the preciptats was filtered off, The ageecus layer was ssperutad and extracted
with ether.  The combined orgmic soln was washed with brine, dried (MgSO4) and conosntrated in yacxo to give 4 campanents
[staxting materials, (2)-20, (2)-22 and (1)+23]. The hemiacetal (1)-22 was isolated by §i0; column choomstogreghy, and
treated with PhyP=CH; in DMK, The reaction mixture was directly purified by prep. TIC. The resulting clefinic alcochol was
submitted to MR analysis _ll_l MMR § 1.22 (38, 8), 1.77 (38, br.s), 2.63 (1H, br.t, J=6.9 Hx), 3.49 (1H, 4, J=11.4 HE),
360 (1R, 4, J=11.4 =), 477 (1B, m), 487 (16, m)L], and identified as (1)-17a.

Methyl (18,20)-2-acetyl-1 methyloyclobutsnecarbosylate 15, A two-phase mixture of 14 (LS5 g, 155 mmol), RuO; (133 mg, 1
mmol), MaIOg (214 g, O mol), CClg (31 ml), MeQW (31 ml) and phosphate buffer (pH 7, 005 M, 47 ml) was stirred at room
temp for 12 h, To this mixture was added ethexr and the precipitate was filtered off. The aguacus layer was separated and
extractad with ether, and the combined organic soln was washed with brine. A soln of CHaN, in ether was added to the
organic soln and it was stirred at room temp for 30 min, AcCH was added to destroy the excess CHoN,. After the addition
of some amount of CHyNy in ether, the mixture was dried (NgSO4) and concentrated in vecuo to give 2.35 g (69.2 8) of crude
1S, vmax 1715 (s), 1300 (s), 1140 (a) cm~1, 15 NMR & 1.52 (38, e), 2.10 (3H, 8), 1.70~2.50 (4K, m), 3,07 (18, br.t, J=7.3
Bz), 3,67 (34, s). This was employed in the next step without further purificetion.

Nethyl (15,28)-2-isopropeny)-1-methyloyolobutanecerbouylate 16, A soln of n-Buld (LS7 N in n-hexane, 318 ml, 50 wmol)
was added dropwise to a stirred and ice~cooled suspension of PhyPMeBr (19,6 g, 55 amal) in dry DME (120 ml) undar Ar, The
mixture was stirred at 0° far 1 h and allowed to ssttle, The salt—fres supszrmatant (50 ml) was taken up in an another
flask, and a soln of 15 (24 ¢) in dry DME (20 ml) was added dropwise to the mixture. After stirring at room temp for 2 h,
water (1 ml) was added and the mixture was concentrated in yacuo. The residue was filtered through 8i0; to remove PhyFO to
give crude 16 (2.0 g). vmax 3110 (m), 1725 (a), 1650 (m), 995 (m), 890 (s) cm~1; 1§ NMR & 1.45 (3K, a), 1.69 (3H, br.s),
1.60-2,50 (4H, m), 2,81 (1H, br.t, J=9.3 Hsz), 3.63 (38, s), 4.66 (1H, »), 4.78 (1H, m). Only a trace amount of trans-
iscwer was detectsd by 1H NMR. This was employed in the next step without further purificetion,

A mixture of methyl (1R,28)-2-acetyl-1-methylcyolobutsnecarborylate 15° snd (1B,4R,58)-1 4~dimethyl-3-cxabicyclo(3,2,0]~
heptan-2-one 20, In the same manner as describsd for the preparation of 15, L76 g (14 mmol) of 14° yielded a mixture of
15° and 20 (ca. 1:2 by 18 NMR). 18 NMR & 1,31 (4, J=6.6 Hz), 1.42 (s), 152 (s), 2.10 (s), 3.07 (br.t, J=7.3 He), 3.67
(s), 447 (xq, =66 Be). Becouse the separation of 15° and 20 was somewhat difficult, the mixture was eaployed in the
next step without further purification.

Methyl (1R,2R)-2-isopropenyl-1-methylcyclobutanecarboxylate, 16° snd (LR/AR,55)-1,4-dimethyl-3-cxahicyclo(3.2.0 Ihepten-2-
cne 20. In the sams manner as described for the preparation of 16, the mixture of 15* and 20 yielded a mixture of 16* amd
20, This was further purified by 8i0; chromatograghy.

Practions eluted earlier gave 600 mg (255 & from 14) of 16°, hp 80-110°/33 Torr (hath temp); n@é 14459 (alfé
+73,7° (c".SS, n-hexane) (1it.1? [a)y +243° (c=l, n-hexane)). IR and 18 NMMR epectra were identicel with thoss of 16 A
mlmdmwt-snmmwhmu 117 and 3,70). This was employed in tha naxt step
without further purification.

Practions eluted later gave 840 mg (429 ¢ from 14) of 20, ng2 L4474; [alf? —65.3° (c=Q.50, n-hexane); vmax 1760 (s),
1235 (m), 1150 (s), 1105 (s), 1020 (s), 930 (s) cm™1; 1m NNR & 1.31 (38, 4, J=6.6 Hy), 1.42 (3H, s), 1.70-2.60 (58, m),
447 (15, brg, =66 Br), HRMS: m/p Pound: 1400878, Calc for CgjgOy 140.0837,

Conversion of 20 to 16°,

Nethyl (IR,25,1%)-2-(1"hydromyethyl)-1-methylcyclobutanecarbouylate 2L A mixture of 20 (70 mg, 05 mmol), 2 N KO aq
saln (1 ml) and MeCH (10 ml) was heated at 50° for 7 h. After cooling, the mixture was concentrated in vacuo, and the
alkaline residue was diluted with ether., AcOH (0.3 ml) was added with vigorous stirring, and the aixture was stirred for 2
ain, A goln of CHyNo in ether was adied to the mixture. After stirring for 15 min, ACCH was added to destroy the excess
G@?. The mixture was dried (NgSO4) and cancentrated in vacuo to give 21 (95 mg) quantitivly, vmax 3500 (s), 1720 (s)
cn™ly 15 NMR § 1.04 (3H, 4, J=6.2 He), 1.45 (3H, 8), 1.50-2.70 (6H, m), 3.64 (1H, 4q, J=9.7, 6.2 Hz), 3,77 (3H, s). This
was employed in the next step without further purification,

Methyl (1R;28)-2-acetyl-1-methyloyclobutanacarhouylate 15%. A soln of DMSO (213 W1, 3 mmol) in dry GHCl; (1 ml) was
uﬁdmwammmld»lnd(m)z(lnul,l.Snml)indrymzmz(I!ll)at-Go’wﬂuk. To this
nixture was added dropwise a soln of crude 21 (95 mg) in dry CHxCl, (1 ml) at ~60° After stirring at -60° for 1 h, BtyN
(354 11, 5 mmol) was added to the mixture. The reaction temp was allowed to raise to 0° and this temp was maintained for
3 h, Water was added, and the mixture was diluted with ether. The organic soln was washed with water, dil. BCl and brine,
dried (Mg8O4) and concentrated in vaquo to give crude 15° (90 mg). Its IR and 18 RMR epectra were identical with thove of
15, This was employed in the next step without further prification.

Methyl (1R,2R)-2-isopropenyl-1-wethylcyolobutmecnrboxylate 16% In the same mamner as described for the preparation of
16, crude 15' (90 mg) yielded 515 mg (613 % from 20) of 16'. TIts IR and 1§ NMR spectra were identical with thoee of 16
mmimmmmbylﬂm.

2-Igopropanyl -1 methylcyclohstansmsthanol

(a) (18,26)-Iscmer 17a. A soln of 16 (20 g, 1L9 mmol) in dry ether (20 ml) was added dropwise to a stirred and ice—
cooled suspension of LAH (380 mg, 10 mwol) in dry ether (20 ml), The mixture was stirred at room temp for 1 h. The usual
alkaline work-up gave crude 17a (quant.), vmax 3400 (s), 3110 (m), 1650 (m), 1030 (s), 890 (s) cm~1, 1E MR § L22 (38, ),
1.77 (3H, br.s), 1.60-2.20 (5H, m), 2,63 (1H, br.t, J=8.9 Hz), 3.49 (1H, 4, J=11.4 Hz), 3.60 (1H, 4, J=11.4 Hz), 4.77 (1H,
m), 487 (1, m). This was employed in the next step without further purification.

(b) (AR, 2R)-Isomer 17a° In the same mennar as described sbove, 580 mg (345 mmol) of 16* yielded crude 17a% which was
pzﬂidbymlm&m(ldn?‘” B, np ethex=20:11) to ¢give 330 mg (683 §) of pre 17a’ (100 & cis
by GO), [alff -3° (c"0245, n-hexane) (1it.13 [alp —623° (c=1, n-hexane)); GC (Column, 10 § PNG-20M, 2 m x 4 mm at
80°+3%/min; Carrier gas, My, 1O kg/am?): Rt 165 (single peak) min; MS: m/z 160 (M*), Its IR and 15 MMR spectra were
identical with those of 17a.
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2-Isopropenyl -1-methylcyclchrtatmeethyl prtoluensenlfonata,

(a) (18,26)~Isomer 17b. D-TeCl (42 g, 22 mmol) was added to a stirred and jcs-cooled soln of cruds 17a (L66 g) in d&ry
pyridine (30 ml). The mixture was stirred overnight at room temp ' Water (1 ml) was added, and the mixture was stirred for
1 h. The mixture was poured into icd-dil, BC1 and extracted with ether. The ethar soln was washed with water, sat, CaSO,
soln, water, set: NaH(D3 soln an? hxrine, dried (MgSD,)} and concentrated in vaouo to give 2.55 g (72.7 & from 16) of 17d as
an oil, veax 3100 (w), 1645 (w), 1600 (m), 1360 (m), 1190 (w), 1160 (s), 1100 (m), 960 (s), B40 (s), 670 (m) ca™l, This
crystallised after storage in a fresser. It was then recrystallized from n-—p (80 s y) to give pure 17b, wmp
50.5-50.9°. Due to its instability even at low temp, this was employed in tha next step without delay.

(b) (1R,2R)-Isomer 17b%. In the same manner as described above, 310 mg (22 mmol) of 17a’ yialded 530 mg (82 §) of 17D
as crystals. This was recrystallized from n-psntans (89 8§ recovery) to give pure 174 mp 50.5-50.9° Dus to its
instability even at low temp, this was employed in the next step without dslay. Its IR spact was identical with that of
17b. Analytical sample: [a]fd +23° (c=0.66, n-hexane); 1H NMR & 1.20 (3H, s), 1.63 (3H, br.s), 1.50-2.10 (4H, m), 2.45
(39, 8), 2.63 (1H, br.t, J=8.4 Hz), 3.84 (1H, 4, J=9.,6 Rz), 3.97 (1R, 4, I~9,6 Hz), 4.57 (1H, =), 4.73 (1H, =), 7.35 (2H,
br.d, J=8.4 Be), 7.77 (28, br.4, J=8.4 He),

2-Isopropenyl-1-metiylcyclobutanescetond trile.

(a) (1R,28)-Yeomer 18. A soln of 17b (205 g, 697 mmol), NaW (.88 g, 17.3 mmol) and water (004 ml) in HMPA (7.5 ml)
was stirred at 80° for 7 hCf- 27 The mixture was poured into water and extractsd with n-pentans, The n-péntane soln was
washed with water, sat. NaHOD; soln and hrine, dried (MgS04) and concentrated in vacuo at 0°. The reeidus was purified by
810, column chromatograghy to give 600 mg (77 %) of 18, bg. B1°/8 Torry nf&2 14583 [a]f2 ~7.3° (0-048, n-bewane)s
vmax 3100 (m), 2260 (m), 2150 (trace, isonitrile), 1645 (s), 1300 (m), 1240 (m), 890 (s) cm™ 1g oeR ¢ 137 (38, »), LSO
(3H, br.s), 1.70-2.10 (4R, m), 2.14 (1H, d, J=16.5 Hz), 2.45 (1H, d, J=16.5 Hz), .71 (1H, br.t, J=8.8 Hx), 471 (18, m),
493 (1H, m); GIC (Column, OV-101, 50 m x 025 mm at 80°42°/min; Carrier gas, N, LS hg/alz): Rt 40,53 (single peak) min.
MS: m/z 149 (NN,

(d) (18,2R)-Isomer 18°. In the same manner as described above, 470 mg (L6 mmol) of 17b' ylelded 1390 mg (80 §) of 18°,
b 825°/8S Tormy nf> 14594 [alf® ~446° (=275, n-hexane) [11td13 (alp -203° (c=1, nhexane)l; NS: m/z 149 (M9,
Its TR and 1B NMR spectra were identical with those of 18,

2-Iscopropeny] -1-methyloyclobutanssthanol (Gcandisol).
(a) (IR 28)-Iscmer [(#)-Grandiscl] la.  (i-Bu)sAlf (DIBAL-H, 1 M in n-hexans, 7 ml, 7 mmol) was added dropwise to a
stirred and ioce-cooled soin of 18 (700 mg, 47 mmol) in dry n-pantans (20 ml). The mixture was stirred at room temp for
2 h. L-Tartaric acid ag soln (1 M, 7 ml) was aXied, and the mixture was stirred at room temp for 1 h. The mixture was
filtered, and the aqueous layer was extracted with ether, The combined organic soln was washed with sat.
NaO,CCH(CH)CH(CH)OO,K soln, sat. NaRODy soln and brine and dried (MgSO4). To this soln (ca. 50 ml) was added portionwise
LAR (180 mg, 47 mmol) with external ice—vooling, and the mixture was stirred at room temp for 2 h, The usual alkaline
work-up gave an oll, which was purified by 80 column chromatography followed by distillation to give 230 mg (4D ) of 1e,
b.p. 103°/9 Torr; nf4-2 1.4671; [a1§42 420.6* (c=0.585, n-hexane, non-calibrated); [a]§4-2 +20.5° (c=0.585, n-hexane,
calibrated)y ORD (e-'l.3110':, n-hexane, at 24°) ((e), v (om)) -2.90x103 (210), O (242), +77 (589); wmax 3350 (s}, 3110 (m),
2970 (a), 2890 (s), 1645 (m), 1450 (m), 1380 (m), 1240 (w), 1055 (s), 1015 (m), 890 (s) cm™}; vmax (CC14 soln) 3660 (m),
3100 (w), 2990 (s), 2975 (s), 2890 (m), 1645 (m), 1450 (m), 1377 (m), 1235 (w), 1115 (w), 1050 (m), 995 (w), 890 (s) cm™
(This was identical with an authentic spectrum.)s 1a NMR (100ME, 024, JEOL JNM FX-100 spectrometer, CgDg was used as an
external lock sigmal) & 0.85 (1H, 0H), 1.17 (3, s), 1.66 (3H, br.s), 1.20-2.20 (6H, m), 2.51 (1H, br.t, J=8.5 Az), 3.57
(2, t, J14 Hz), 460 (18, m), 479 (18, m) (This was identical with an authentic spectrum.); 13C MMR (complete decoupled
and INEPT were carried out) § 19.2 (t), 23.2 (q), 28.4 (q), 29.3 (t), 36.9 (t), 41.4 (8), 525 (d), 59.9 (t), 109.8 (t),
145.2 (s); GIC (Column, PEG-20M, 50 m x 025 mm at 120°; Carrier gas, Ny, L2 kg/cm2): Rt 22.7 (single peak) min; HRMS: n/g
- Pound: 1541356, Calc for Cyoth1g0 1541358, In addition, 61 mg (&5 %) of (1R,2S)-2-iscpropenyl-1-methyléyclobutane—
(19) was recovered, Bp 94°/26 Torry nf™6 14596 (al§™ 4638° (c=0.87, n-hexane); vmax 3100 (m), 2960
(s), 2840 (m), 2740 (m), 1725 (s), 1645 (m), 890 (s) cm~1; 1R NMR & 1.33 (38, s), 1.68 (3R, br.s), 1,70-2.20 (4H, m), 2.21
(1B, 44, J=15.5, 3.1 Hz), 2.50 (1H, &4, J=15.,5, 2.4 Hz), 2.64 (18, br.t, I=7.9 Hz), 4.70 (1H, m), 4.86 (1H, m), 9.B0 (1H,
44, =24, 31 Ex). MS: m/z 152 (M) ‘
() (18,2R)-Isomer ({~)-Grandisol) 1a'  (i-Bu)oAlH (DIBAL-H, 1 M in p-hexans, 15 ml, LS5 mmol) was added dropwise to a
stirred and ice~cooled soln of 18°' (180 mg, 1.2 mmol) in dry n-pemtane (S ml). The mixture was stirred at room temp for
2 h. IL~Tartaric acid aq soln (1 M, L5 ml) was added and the mixture was stirred at room temp for 1 h. The mixture was
filtered, and the agusous layer was extracted with sther. The combined organic soln was washed with sat,
NeO,CCR(CR)CH(CH)OOK soln, sat. NaHOD3 soln and brine, dried (MgSO4) and concentrated in vacuwo at 0% The residue was
Ailuted with dry ether (5 ml). To this was added portionwise LAB (180 mg, 4.7 mmol) with external ice-~cooling, and the
mixture was stirred at room temp for 2 h, NeOH (2 1) was addsd and the mixture was astirred at room temp for 20 min. The
usual alkaline work-up gave an oil, which was purified by column chromatography followed by distillation to give 81 mg
(43.8 %) of 1a%, b.p. 84°/6 Torry ng® 1.4682; [a]§38 -20.1° (c=0.535, n-hexane, non-calibrated); la)§3-8 -20.0°
(c=0.535, n-hexans, calibrated); CRD (c=L.3x1072, n-hexane, at 24°) {[a], v (nm)] +290x107 (210), O (242), -120 (589) QC
(Column, PEG~20M, 50 m x 0,25 mm at 120°; Carrier gas, W3, 1.2 kg/cnz): Rt 22,7 (single peak) min; HRMS: m/g Pound:
1541325, Calc for CpggOt 1541358, Its IR and 1R NMR spectra were identical with those of la.

Determination of the emantiomeric purity of Grandisol. .

1a and 1a' were convertad to the carresponding (R)-MTPAZS ester (1b and 1b*), 400 MRz 1A WMR spectra (JBOL JWM GX-400
spactrometsr) of 1b, 1b* and the mixture were maasured in CDCl3. The signal due to —C)—(H3 was obesrved at difference
position. Mixture of 1b and 1b*: & 1.142 (s), 1.152 (s); 1b: & 1.152 (s, 100 8} 1b*: & 1.142 (s, 100 8), Therefore,
the snantiomeric purity of la and 1a' was proved to be 100 § es., respsctively.
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MR gtudies on grandisol.
With detailed decoupling experiments, all the protons and carbons of grandisol were assigned as shown in Table 2, [S00 MBe
(18) and 126 MEx (13¢), Bruker AN-500 spectrometer, COCl;)

Table 2. 18 and 13¢ NR data of grandisol

(aa33aq)
(433d)
(a4ad)
(aa)
(a34d)
(s)
{aaad)
(aad)
()
(aad)

(aaq)
(a4q)
(axd)

Iy (Bx)

0.9, 1.0, 1.9,
2.6, 8.2, 8.8,

2239

8.2, 10.2, 0.8
11.2

9.1, 10.2, 10.2, 11.2
1.3, 8.8, 10.2, 10.9

0.9, 2.6, 9.1,

1.3, 6.1, 9.2,
5.8, 9.2, 13.5
5.8, 9.2, 10.2
6.1, 9.2, 10.2

1.0, 1.9, 1.6

1.9, 1.9, 0.8
0.8, 0.9, 1.6

w. 138 Jog(m) e
1 41.4 (s)
2 52,5 (4) 130 2,55
3a 19.2 (£) 131 1.81
b 1.97
4a 29,3 (t) 130 1.61
b 1.68
5 23,2 (q) 123 1.19
6a 369 (t) 123 1.45
b 1.7%6
7a 59,9 (t) 142 3,66
b 3,69
8 145.2 (s)
9a 109.8 (t) 155 4.84
b 4.65
10 28.4 (q) 125 1.68
~o 1.57
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