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PUPATION OFTHE BOTH ENANTIOMERS OF 
THREO-2-AMINO-3-METHYLHEXANOIC ACID BY ENZYMATIC 
RESOLUTION ANDTHEIR CONVERSION TO OPTICALLY 
ACTIVEFORMSOFTHRE04METHYLHEPTAN-3-OL, 

A PHEROMONE COMPONENTOFTHE SMALLER EUROPEAN 
ELM BARK BEETLE? 

KENII MI@ and H~R~KO IWUAWA 
Department of Agricuthual Chemistry, The University of Tokyo, Yayoi I-t-l, Bunkyo-ku, Tokyo 113, Japan 

Abstracb’k both en&hers of ~~~-2-~~3-~~yl~~~ic acid were prepared by resolving its racemic 
N-acetate with Aspngiilivs acylase. The amino acid enantiomers were converted to optically active forms of 
&a74methylheptan-3-01, a pheromone component of Scolytus multistriatus. 

(-)=i-Methylheptan-3-ot 1 and (-) - a - multi- 
sbiatin[(IS, 2R, 4S, SR) - 2,4 - dimethyl - 5 - ethyl - 6,8 - 
~ox~y~lo[3.2.l]~~ne] ~tle-pr~uc~ 
pheromones responsible for tz -g&on of the 
smaller European elm bark beetle, Scofytrrs muftistiafus 
Marsham.’ Some years ago one of us established the 
absolute c&guration of the levorotatory atcohol to be 
3S, 4s as depicted iu 1 by synt~s~ its antipode from 
(RX t ~i~~~c acid.2 The synthesis, however, was 
not stereo&&c and tiorded a mixture of (3R, 4R)- 
the-1 and its (35,4Rf-cry&u-isomer which was 
separated by preparative GLC. Since then we sought for 
a better synthetic route which would afford the natural 
(3S, 4S)-pheromone 1. 

The Fischer projectional formula of 1 made us to 
realize that an amino acid A might be an ideal starting 
material for the synthesis of 1. The amino acid A is a 

tPheronc Synthesis-XXXVI. This work was prescatcd at the 
EUCHEM Conference on Chemistry of Insects at i%o&oim, 
btand, Sweden, on 14 August 1979, as a part of K. M’s lecttne. 
The experimental part of this work was taken from the M.Sc. 
Thesis of H. I. (1980). Part XXXV, K. Mori and H. Iwasawa, 
Tefmhedron X,87 (W80). This paper should aiso be rega&d as 
Part II of “Preparative Bioorganic Chemistry”. Part I, K. Mori 
and H. Akao, Tetrahedron X91 (1980). 

homolog of alloisoleucine B, whose chemistry is 
thoro~y investigated.’ Alloisoleucine B is known to be 
separable from its e~f~~-i~rner C (i~leuci~) by 
recrystallizing a mixture of their N-ace@ derivatives.3 
By analogy, it seemed possible to separate the N-acetate 
of the flmo-acid A (homoalioisoleucine) from the un- 
desired eryf!trr?-isomer. Then the well-known enzymatic 
~~ti~~l~tive hy~oiysis of the racemic N-acetyl-a- 
amino acid would afford the optically active amino acid.’ 
The conversion of A to the pheromone 1 seemed to offer 
no difficulty. The following is the successful account of 
our work along this tine which emphasizes the im- 
portance of an enzymatic reaction in chiral syntheses. 

( 2 )-threo-2-Amin~3-mcthylhexanoic acid 3 was pre- 
pared from 2-methylpentanal2 by the Strecker synthesis. 
This new unna~ a-amino acid ( 2 )-3 was converted to 
its N-acetyl derivative ( + )+I according to the procedure 
described for ( 2 )-ai.loisoleucine.5 This was recrystallized 
several times from acetone to give pure (+)-4. Its 
enzymatic resolution was attempted with a microbial 
acylase obtained from A~pe~~~us. The reaction was 
carried out at pH 6.7-6.8 in the presence of a trace 
amount of Co*+?’ After 4 days at 37”. the reaction 
mixture was concent.raM in uacuo to give crystals of 
(25,3RH + )-5. Acidification of the mother liquor with 
dil HCI gave partially resolved N-acetate (2R, 3S)-( - J-4 
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as crystals. Further work-up of the mother liquor (see 
Experimental) slightly increased the yields of the 
products and the total yield of pure (2S,3R)-5, [a]2d + 
44.9” (SN-HCI), was 55% of the theoretical amount. 
Since the amino acid (2S, 3R)-5 was hitherto unknown, 
we felt it necessary to check its optical purity by a 
modem direct method. This was later achieved after its 
conversion to (2S,3R)-6 and found to be 99% (vide 
infm). It should be noted that the Aspetgilus acylase 
showed very high enantiosekctivity even with this un- 
natural substrate. This makes worth while to define the 
substrate specificity of the commercially available acyl- 
ase more precisely so as to use it as a reagent for optical 
resolution. 

The conversion of (2s. 3R)-5 to the antipode [(3R, 4R)- 
I] of the natural pheromone was carried out in the 
following manner. The (+)-amino acid 5 was treated 
with nitrous acid to give a hydroxy acid (2s. 3R)-( t l-6. 
This deamination reaction is known to proceed with 
retention of con6guration~ LAH reduction of (2S, 3R)d 
gave a glycol(2S. 3R)-7. This was treated with HBr-AcOH 
to give a mixture of acetoxy bromides (2S,3R)-8 and 
(2s. 3R)-8’. Treatment of this mixture ((It 8’) with 
NaOMe-MeOH gave an epoxide (2S, 3RH - )-9. The SN2 
ring opening of the epoxide 9 with MeXuLi yielded 
(3R, 4R)-( + )-?hre04methylhepta&ol 1 with 95% 
chemical purity as determined by glc. This was further 
purihed by preparative glc to give pure (3R,4R)-1 with 
[alp’ t 22.7” (n-hexane). 

In order to prepare optically pure (3S,4W, the 
natural pheromone, we had to secure optically pure 
(2R,3S)-N-ace@-a-amino acid 4. For this purpose the 

ta-Methoxy-n-Eriffuotomethylpbmylacetic acid. 
Saris (6, 6, 7, 7, 8, 8, 8 - heptaflouro - 2, 2 - dimethyl - 3, 5 - 

octandionato) curopium. 

(2s ,3R)- s + - 
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partiahy resolved (-H was submitted again to enxy- 
matic resolution with Aspergillus acylase. As expected, 
the recovered N-acetate was more enriched in the (- )_ 
isomer. This was recrystalhxed several times from 
acetone to give pure (2R, 3S)-( - )-4. Acid hydrolysis of 
( - )-4 yielded (2R, 3S)-( - ~tlvto-2-amino-3-methylhex- 
anoic acid 5, [a]g43.80 (SN-HCI). This was converted to 
the natural pheromone (3S,4S)-1 via the chiral epoxide 
(2R,3S)3 in entirely the same manner as described for 
its antipode. The synthetic pheromone was of 94% 
chemical purity as determined by glc. Further 
purification by preparative glc gave pure (3S,4S)-1, 
[u]g-21.7” (n-hexane). 

The optical purities of our synthetic products were 
determined by the MTPAtcster method? In order to 
prove the high enantiosekctivity of the acylase hydroly- 
sis, a portion of the a-hydroxy acid (2S,3R)-6 or 
(2R, 3S)-6 was ester&d with CH2N2 to give the cor- 
responding Me ester. This was treated with (S)-(-)- 
MTPACI to give an MTPAcster QS, 3R)-10 or (2R, 3.Q 
10. These two were analyzed by NMR spectroscopy. In 
both cases, even in the presence of the Sieve& shift 
reagent Eu(fod)&, the OMe protons appeared as a sharp 
singlet. No definite sign of the presence of the other 
diastereomer was observable. The optical purities were 
therefore thought to be z 96% considering the S/N ratio 
of the spectrometer. Upon glc analysis, the two dias- 
tereomers were separabk and both (2S,3R)-and 
(2R,3S)-10 were shown to be 98% diastereomerically 
pure. The enzymatic resolution was therefore highly 
successful. The possibility of racemixation in the course 
of synthesis was excluded by proving the high optical 
purities of the final products. The alcohols (3R 4Rtl and 
(3S, 4S)-1 were converted to theirrespective MTPAcsters 
(3R,4R)-11 and (3S,4S)-11. They were analyzed by 
NMR. No definite sign of the presence of the other 
diastereomer was observable within the limit of experi- 
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Preparation of the both enantiomers of thrro-2-amine-3-methylhexanoic acid 2211 

mental error. The optical purities were therefore in the 
same range as those of (2S, 3R)-6(- !%%).9 

In conclusion we synthesized the both enantiomers of 
&eo-l-methylheptan-31 in sticient quantities for 
biological evaluation. The use of an enzyme in the key 
resolution step was so successful that we were 
encouraged to continue our work on the application of 
biochemical systems in preparative organic chemistry.t 

l%xFmlMEmAL 

All b.ps and m.ps were uncorrected. IR spectra refer to films 
for oils or Nujol mulls for solids and were determined on a Jasco 
IRA-I spectrometer. NMB spectra were recorded as Ccl, solns 
at 60 MHz with TMS as an internal standard on a Hitachi R-24A 
spectrometer. Optical rotations were measured on a Jasco DIP-4 
polarimeter. Glc analyses were performed on Yanaco GCG-55OF 
or Gl80 gas chromatographs. 

A diastercomeric mixturc of 2-amino-3-methylhmnoic acid 3 
Aqueous NH&l (6Og in 2OOml water) was added to a soln of 

KCN (66g) in water (280 ml) and cone NH3 aq (155 ml, 28%). The 
aldehyde Zca !JOg, 100 ml) was added dropwise to the stirred and 
ice-cooled KCN-NH&I soln at O-20”. After stirring for 2 hr, ether 
(100 ml) was added to the mixture and the stirring was continued 
overnight at room temp. The ether layer was separated and the 
aq layer was extracted with ether. The combined ether soln was 
concentrated in wcuo. The residual oil, v,, - 3350 (s), 2940 (s), 
2900 (s), 2858 (s), 2220 (w), 1620 (m), 1450 (m), I388 (m), 1065 (m), 
945 (m), 74O(w)cm-‘, was mixed with cone HCI (5OOml) and 
heated under reflux for 15 hr. The dark soln was concentrated in 
uacuo and the residual solid was dissolved in hot water (300 ml). 
This was decolorixed with activated charcoal whii hot, filtered 
and dried up in oacuo. The residue was heated with 95% EtOH 
(500 ml) and filtered to remove NH&I. The filtrate was concen- 
trated in uacuo after the addition of CjHJN (100 ml), diluted with 
water and cooled to give 4Og (31%) of crystalline 3. This was 
recrtstaIlized from water 16 give an analytical sample, m.p. 
201-286”. v_- 3400 (m), - 2550 (m), 2120 (w). 1585 (s), 14% (s), 
1405(m), 1350(m), 1320(m), 1295(w). 1280(w). 1260(w). 
1240 (w). 1175 (w), ino( ma(~), 1030(w). itmo(~).93o~wj~ 
890 (WI. 850 (w). 830 (w). 810(w). 785 (w). 735 (w) cm-‘. (Found: 
C, 57.i8; H; I8.25; N;9.88. ‘C& for C;H,,O;N: C, 57.90; H, 
10.41; N, 9.65%). 

( + )-threo-2-Acefamino-3-mrihy~~ic acid ( f )-4. 
A suspension of 3 (12Og) in Ac20 (280 ml)-AcOH (2tH3 ml) was 

heated under reflux for 5 min during which it became homo- 
geneous. After cooling, the soln was concentrated in wcw. The 
residue was mixed with water and concentrated in oacuo. The 
residue was dissolved in Me#X-C& concentrated ia wcw, 
diluted with ether and set aside. The separated crystals were 
collected on a filter and recrystalhi from Me&O. The Ant 
(6Og.m.p. l30-1319, second (5.5g,m.p. l2WW) and third 
(12.5g, m.p. l25-InO) crops were combined to give 78.5s (50%) 
of ( T )-4. An analytical sampk was recrystallized from MesCO to 
give prisms, m.p. 145-146”, v,, 3320(s), -2500(m), 1705 (s), 
1620((s), 1540(s), 1340(m), 1320(m), 1275 (m), 1230(m). Il5O(m), 
1120(w), 1080(w), 1820(w), 988(m), 69O(m)cm-‘. (Found: C, 
57.72; H, 9.01; N, 7.41%. Calc for C,H&N: C, 57.73; H, 9.15; 
N, 7.48%). The yield of (2 )-4 was 29&I% and dark brown oily 
N-acetate was obtained from the mother liquor after removal of 
crystalline ( ? )-s. 

Enzymatic molution of ( f )-4. 
(i) Preparation of (2S,3R)_S. The N-acetate (*)-4 (43g) was 

dissolved in water (2.05 I) by adding NaOH aq (co 8.6g in 100 ml 

*At the EUCHEM Conference on Chemistry of Insects (14 
August 1979). Dr. M. M. Blight of the University of Sussex remnted 
her successful preparation of both (3R. 4R)_i and (3s. 4$-l by 
HPLC separation of their MTPA esters. 

water) to pH 6.7-6.8. Acylase (Acylase “Amano”, IS,000 unit/g, 
3g)and7x10-‘MCoC12waeaddedtothesolnandthcmixturr 
was kept at 37”. The acylase (2g) was added after 1 day. Another 
g of the acylase was added after 2 days. After 4 days at 37” the 
dark soln was concentrated in uacuo to co 100 ml. The separated 
crystals of (2S, 3R)_5 (8.lg) were collected on a 6lter and washed 
with cold water. The combined Illtrate and washings were con- 
centrated in wcuo and acid&d with 6N HCI (32.5 ml). The 
partially resolved (2R 3Sl-4 (28.3g) immediately separated from 
the soln and was collected on a lilter. The liltrate was extracted 
with EtGAc. The EtOAc extract was concentrated in uacuo to 
give impure (2R 3s)4 (5.Q). The aq. layer was concentrated in 
wcw to dryness. The residue was trimrated with 99% EtOH and 
filtered to remove insoluble materials (17.4g). The liltrate was 
concentrated in uacw. Pyridine (1 ml) and water (5 ml) were 
added to the residue and the precipitated (2S, 3R)-5 (lg) was 
collected on a filter. The total yield of (2s. 3R)-5 was 9.1s (55%). 
An analytical sample was obtained as prisms by recrystallization 
from water, m. p. 230-W (dec.), ia]$! t44.9 (c = 0.275. 5N 
HCI); v,. - 3100 (m), - 2590 (m), 2100 (w), 16OO(s. sh), 1575 (s), 
1505 (s). 1410(m). 1350 (m). 1320(m). 1295 fw). 1265 (w). 1240 (w). . .- , ,. . ,, , ,, . ,, , ,, 
1185 (w). 1120(w), 1870(w), 1020(w). 945 (w), 900(w). 860(w), 
815 (w), 790(w), 760 (w), 748 (w), 715 (m) cm-‘. (Found: C, 57.68; 
H, 10.29; N, 9.67. Calc. for C,H&N: C, 57.90; H, 10.41; N, 
9.65%). The crude amino acid (7.3n) was remstallixed from a 
large volume of water to give 4Jg of pure (ZS, jR)-5. 
(ii) Prmaration of (2R. 3W. The oartiallv resolved N-acetate 

(61.48) was fractionally &c&al&l from acetone. Fractions 
with [alo- 1390 -30” (EtGH) were combined (5). This was 
suspended in water (21) and dissolved by adding NaOH aq to pH 
6.5. The acylase (3g) and CcC126H20 (44.0 n& were added and 
the mixture was set aside at 37” for 5 days with the addition of 
further amount of the acylase (lg X 3) at intervals. Subsequent 
work-up as described above gave 25.51 of crude (2R. 3Sy. This 
was fractionally recrystallixed from acetone to give the first 
117.58, [a]g-28.7 (c = 1.286, EtOH)], second [5.5g, I&- 15.6” 
(c = 0.973, EtGH)] and third [2.5g, [a]:: - 17.0” (c = 1.260, EtGH)] 
crops. The tint crop was further puri8ed by recrystalhzation from 
acetone to give l2.2g of pure (2R, 3W as prisms, m.p. l&1470, 
[a]:: - 34.3” (c = 0.936, EtOH); v, 3320(s), -2480(m), 
- 2320 (m). - 1880 (w), 1695 (s), 1628 (s). 1540 (s). 1425 (ml. 
1315(m), 1305(m), 1275(s), 1230(m), IDO( 1115‘(W), lO85iwj; 
1025 (w), 955 (m), 865 (w), 835 (w), 745 (w), 700 (m) cm-‘. (Found: 
C57.81; H.9.12; N, 7.46. Calc for C$H,,G,N: C, 57.73: H. 9.15; N, 
7.48%). 

(2R, 3!+2-Amino-Emethylhmnoic acid (2R. 39-S 
A suapcnsion of (2R,3.9)-4 (12.2g) in 2N HCI (120 ml) was 

stirred and heated under relhtx for 2 hr. The homogeneous soln 
was concentrated in uacw. The residue was dissolved in water 
(5Oml) and concentrated ix wcw to remove HCI. The residual 
solid was dissolved in water (100 ml) and CJHJN (28 ml) was 
added to the soln. The precipitated (2R. 3S)8 (lO.Og, quantitative) 
was recrystaIlii from water to give 6.Og (63%) of pure (2R, 3S)-5, 
m.p. 230-240” (dec), [a]g-43.80 (c=O.560, 5N HCI). The IR 
spectrum was identical with that of (2S, 3R)-5. (Found: C, 57.76: H. 
10.48; N, 9.63. Calc for C7Hr302N: C, 57.90; H, 10.41; N, 9.65%). 

2-Hydfoxy-3-melhyihaanoic acid 6. 
(i) (28,3R)_Jsonur A soln of NaN@ (5.Og) in water (IOml) 

was added dropwise during I hr to a stirred and icccooled soln 
of (2S, 3R)_S (6.Og) in 1.5 N H2SOI (70 ml) at O-5”. The stirring 
was continued for 2hr at O-W. Subsequently the soln was 
concentrated in wcuo to 1OmI. Then it was thom&ly washed 
with e&r to extract 6. The ether soln was dried (-MgSG,) and 
concentrated ix wcw to give 4.Og (66%) of (2s. 3RM as an oil. 
This was used for the next step -&hom further p&itIcation. A 
purer sample was obtained by n&o-distillation, b.p. 87-91” (bath 
temp)/O.lmm, ng 1.43%; [a]~+15.8’ (c=O.621. EtOH); 
v,, - 3360 (9). 2950 (s), 2860 (s), - 2580 (ml. - 2300 (WI, 1710 (s). 
1450(m). 1370(m), 1260(m), 1230(m), 1140(s), 1110(w), 1065(m), 
IO40 (m), 998 (m), 950 (w), 920 (w), 880 (w), 7% (w) cm-‘; 6 0.87 
(3H. d, J = 6Hz), 0.93 (3H, 1, J = 6Hz), 1.2-1.5 (5H, m), - 2.0 (IH, 
aH), 4.22 (lH,d, J = 3Hz), 6.13 (IH, -C&H). 
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(iii (2R,3S)-isomer. (2R,3S)d (6.08) was similarly treated as 
above to give 5.Og (82%) of (2R,3S)-6. This was employed for 
the next step without further purilication. A purer sample was 
obtained by micro-distillation, b.p. 91-95” (bath temp)/O.l mm, ng 
1.4394; (a]$l5.8o (c = 0.378, EtOH). The IR and NMR spectra 
were identical with those of (2s 3R)-6. 

3-Methylhtxauc-1,2&l I. 
(I) (2S,3R)_Isomer. A soln of (2S,3R)6 (4.08) in dry ether 

(36ml) was added dropwise to a stirred and ice-cooled suspen- 
sion of LAH (I&) in dry ether (80 ml) at t&y. The mixture was 
stirred for I hr at O-5” and for another hr at room temp. The 
excess LAH was carefullv destroved at O-lo” bv the addition of 
water (1.6 ml), lO%NaOH aq (1.6 ml), and water (4.8 ml). The 
mixture was filtered and the solid was thoroughly washed with 
acetone. The combined l&ate and washings was concentrated in 
wcuo. The residue was distilled to give 2.7g (75%) of (2S, 3R)_7, 
b.p. lO5-It@‘/5 mm, n$! 1.4435; [a]g + 11.8” (c =0.999, EtOH); 
v&ilm) 3340(s), 2950(s), 2910(s), 2860(s), 1460(m), 1380(m), 
I22O(w), 1140(w), 1060(m), 1820(m), 980(w), 950(w), 900(w), 
865 (w), 820 (w), 745 (w) cm-‘; 6 (CDCI,) -0.8 - 1.1 
(6H, m,0.84,0.88,0.94), - l.l-- 1.8 (SH, br). 3.54 (5H, br). 
(Found: C, 63.24, H, 11.97. Calc for C7H1& C, 63.59; H, 12.2046). 

(ii) (2R, 3S~Jsonur. This was prepared in the same manner as 
above from S.Og of (2R.3Sj-6 in 56% yield (2.5g), b.p. IOl- 
102”/5mm, ng 1.4439; [a]%-13.6’ (c =0.973, EtGH). (Found: C, 
63.33; H, 12.10. C,H,& requires: C, 63.59; H, 12.20%). The IR 
and NMR spectra were identical with those of (2S, 3R)-7. 

1,2-Gxi&r-3-methyfhexanc 9 
(i) (2S,3R)-lso&er. 30% HBr in AcOH (15 ml) was added 

dmwk to the stirred and icec~~lcd (2S.3R)_7 (2.7~) at O-5’. 
The’ mixture was stirred for 10 min at o15°.and f0; 1 C at room 
temp. Subsequently it was poured into ice-water, neutralixed 
with NarCQ with careful cooling and extracted with ether. The 
ether soln was dried (MgSO,) and concentrated in cucuo to give 
4.5s of crude 8t8, v,. 29@l(s), 2860(m), 1735(s), 1450(m). 
1420 (m), 1370 (m), 1240 (s), 1100 (w), 1020 (s), 970 (m), 925 (w), 
800 (w), 740 (w) cm-‘. This crude 8 + 8’ (4.5g) was added drop 
wise to a stirred and ice-cooled soln of NaOMe (from 0.8g of Na) 
in MeGH (10 ml) using 2 ml of MeOH to rinse the container of 8. 
The mixture was stirred for 1 hr at room temp, poured into water, 
and extracted with n-penthane. The n-pentane soln was washed 
with water and sat NaCl aq, dried (KFO,) and concentrated 
under atm press with a Vigreaux column. The residue was 
distilled to give I.lg (47%) of (2S,3R)9, b.p. 66-67”/69nun, ng 
1.4095; [a]~4.2” (c=O.867, ether); Y, 3020(m), 2900(s), 
2850 (s), 1450 (m), 1405 (w), 1370 (m), 1300(w), 1255 (m), 1145 (w), 
1120(w), 1060(w), 1005 (w), 950(w), 930(m), 895 (m), 860(m), 
850(m), 815(m), 770(w), 735 (w)cm-‘: s-0.7-- 1.10 
(6H, m, 090,099). - 1.38 (SH, br), 2.30-2.70 (3H. m). 

(ii) (2R,3S)-Isomer. In the same manner as described above, 
918 mg (42%) if (2R. 359-9 was obtained from 2.5g of (2R, 3S)T 
b.p. 62-65”/7Omm, ng 1.4086; [a]~+42 (c = 1.122, ether). The 
IR and NMR spectra were identical with those of (2s. 3R)-9. 

three-l-Methyiheptan-3-011 
(I) (3R, 4R)lsomer. A soln of MerCuLi in ether was prepared 

by adding MeLi (an 85-ml-portion of a sola prepamd from 5.14g 
of fi and 41~ of MeBr in 240 ml of dry ether) to a SUSpCnSiOn Of 
CuI (5.718) in ether (25 ml) at - 30 to -20”. A soln of~(2S. 3R)-9 
(1.14~) in ether (25ml) was added dropwise to the stirred and 
&led M@rLi‘soln~at-28 to-180.‘After the addition the 
reaction temp was lowered to-40” and then raised to 00 during 
4hr. The reaction flask was left to stand overnight in a refri- 
gerator. Then sat NH&I soln was added with cooling and the 
mixture was extracted with ether. The ether soln was washed 
with sat NH&l soln and sat NaCl soln, dried (K#ZO,) and 
concentrated under atm mess. The residue was distilled to give 
0.97g (75%) of (3R, 4R)-1; b.p. S?UO1°/98 mm, I$ 1.4244; i&j + 
18.4” (c =0.522, n-hexane); v, -3360(s), 2930(s), 2900(s), 
2840(s), 1450(s), 1370(m), 1140(w), 1095 (m), 1060 (m), 1030 (w), 
960 (s). 948 (sh), 900 (w), 875 (w). 858 (w), 760 (w), 740 (w) cm-‘; 
G(CCl,, 100 MHz) 0.8-1.0 (9H, m, 0.80,0.86,0.92,0.99), 1.28-1.48 

(7H,m), I.80 (IH, s,-GH), 3.28 (lH,m). The IR and NMR spec- 
tra of this product were identical with those of our previous 
sample.’ (Found: C, 73.34: H, 13.91. Calc. for CxHrsO: C, 73.78; 
H, 13.92%). Glc (Column, 5% PEG 2OM,2m xlnun at loo” 
(t S”/min); Carrier gas, Nr, 20 n&in): R, 144 set (2.7%), 355 set 
(94.9%). This sample was therefore of W.946 chemical purity. 
Further puritication was carried out by preparative glc (Column, 
15% PEG 20M 2m x6mm at 110”: Carrier aas. N,. 1.2ka/cm?. 
The purified sample ~howcd [a]git2.P (i=b%i, r&anej; 
glc (Column, PEG 2OM, 5Om x 0.25nun at 7O’(+ 3”lmin); Carrier 
gas, Nr, 1.0 kg/cm?: R, 956-972 set (IOLUHW). 

(ii) (3S,4S)lsomer. In the same manner as described above 
780 mg (76%) of (3S.4.91 was prepared from 9oomg of 
(2R,3S)-9, b.p. 105-lW/lO2 mm, ng 1.4244; [a]::-#).00 (c = 
0.769. n-hexane). The JB and NMR spectra were. identical with 
those.of (3R,4&1. (Found: C, 73.83; I-% 14.06. Cak. for C&G: 
C, 73.78; H, 1392%). Glc (Column, 5% PEG 2OM, 2m x 4mm at 
loo” (S”/min); Carrier gas, N2, 2Oml/min): R, I77 set (3.4%), 
408sec (W.046). This sample was therefore of 94.0% chemical 
purity. Further purification was carried out by preparative gk 
(Cohunn. 15% PEG 20M. 2mx6mm at 110”: Carrier gas. N2. 
i,2kg&*). The purhled sample showed [a]:-21.70 (~‘0.572, 
n-bexane); glc (Column, PEG 28M, 5Om x0.25 nun at 70” 
(t 3”/min); Carrier gas, N2 1.0 kg/cm?: R, 1451 set (99.83%): np 
I .4262. 

L&mrination of the optical pu&e.s of (2S, 3R)-6 and (2R, 3Q-6 
The both enantiomers of 6 were converted to the correspond- 

ing (S)-( - )-M’TPA esters in the conventional manner. They were 
analysed by ulc and.NMB. Gk (Column, 5% FFAP, 1.5 m x 2 mm 
at iW (after 26min t Zo/min to 170”); Carrier gas, Nat 
1.0 k&m?: our (2s. 3R)_lO. R 44.0 min (99%). 45.8 min (1%): 
our SR, 3~10. d, 43.0 t&t (l%), 46.2 min’(994b). Therefore the 
optical purity of our (3R,4R)-1 and (3S,4s)_l was 9946 by glc. 
NMB of (2R,3S)-10 (25.3 mg 10 in 0.35 ml CC&): 6 3.45 
(3H,s,OMe), 3.65 (3H, s, C&Me), 5.01 (lH,d, J =3Hz, 
CHOMTP). NMR of (2R,3S)-10 in the presence of Eu(fodh 
(67.8 mg 10+69.4 mg Eu(fodb in 0.35 ml Ccl,): 6 4.02 
(3H,s,C4Me), 4.66 (3H,s,OMe), 5.88 (lH,d,J=3Hz, 
CYOMTP). NMB of (2S 3R)_lO (55.8 mu 10 in 0.35 ml Ccu: 6 
3.58 (3H,s,OMe), 3.68 (3H,s,CG,$fe); 4.99 (lH,d,J= 3Hz, 
CHOMTP). NMB of f2S.3Rk-H in the presence of Euffodh 
(74.2 mg iOt43.2 mg ’ E;(fodh in 0.35 ml Ccl,): 6 ’ 3.G 
(3H,s,CC&Me), 4.35 (3H,s,OMe), 5.66 (lH,d,J=3Hz, 
CHOMTP). No definite sign of the presence of the other dias- 
tereomer was observable in these NMB spectra. 

Drtmnination of the optical puities of (3R, 4Rbl and (3S, 4S)-1 
The both enantiomers of 1 were. converted to the correspond- 

ing (S)-( - )-MTPA esters in the conventional manner. They were 
analyzed by NMB. NMB of (3R,4R)-11 in the presence of 
Eu(fodh (66.0 mg 11 t 31.9 mg Eu(fodb in 0.35 ml Ccl& 6 4.80 
(3H, s, OMe). NMB of (3S, 4!9-11 in the presence of Eu(fodh 
(76.2mg lf+284mg Eu(fodb in 0.36ml Ccl& S 4.27 
(3H. s.OMe). NMR of (S’M-&MTPA ester of (+)_l in the 
pn&ce of Eu(fodh (67.6& sample t 27.0 mg‘ Eu(fodh in 
0.35ml Ccl,): S 4.25 (l.SH,s,OMe), 4.75 (l.SH,s,OMe). No 
cross-contamination of the other diastereomer was observable by 
this NMB analysis. 
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