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936 R.l&wdal 

a.= Prior to employino the preciou cpoxi& 11’ to 
cumpletc the ipdimol rynti, we prqmmd optically 
purcenantiomgaofipueaolbythiamot&dinor,dcrto 
ixaxlresnfscientamoantoftbL?~e~ 
rcqucstalbyento~.Tberesctio~~30 
adtbc(@cpoxkkYofit8eMntiomeregave(~ 
ipscnol 2 or itll (R)enan~ r, whu? [aID vahhe 
plWditllll.i&OptiCdpurity@XptYilMlt8l).Theyield 

iacnasedolittlewkncaIwasaddedtotlscTHF8olnof 
3ObdO~tkdditbllOftbCCpOxide.Thb~8~~ 

ofipseaolelulo~~~~ttuultbeprevioua 
oE. 

honJertocumpletetbcipsdkmls~tbcchiral 
epoxide 11’ was reectal with 3) iu the prc8cncc of 
Cdtogive31aTbecornpondingmonoachtc31bwaa 
ddlyd&dWithPGC&to#iVCamiXtllRof32Pnd33h 
ThiswasreducedwithfiAlH4todordamixtareof 
(s)-(+)-ipdienol 1’ and itll double bond illomu *. 
lktumdytkesetwowueseprnbkby~ve 
TLC to give pure (sH+&hool l’, bill +1190 
(Meow. 

Afterthepubkatiollofaurprdiminuycommuni- 
cation,’ Ghloff and Gksch reported a synthia of 
o&ally active ipsdknol from vahm1ne.2’ Taey repor- 
tal the [UJD value of (RH+pdield 1’ 01% optical 
pwity)tobe-1Tandtk(!+(+)-cnan~1’tobe 
+ll.le(lM%opthlpurity).ThhmepnrtbattJlcopticrlly 
pure ipndknol sbfluld show tbc [f&a vahlc of 13.213.90. 
our syntln?tk ipsdienol cxmllholDcra were tbexcfore of 
38% (for R) and 9096 (for s) optical parity, rcapcctivcly. 

i-m-- - 
(!r)+hfttkytpaat-3-eael~4w acetad a To 8 soh of 

NaCHmMe (from 16.0# of JIB NaH) Q DMSO (4OOm1) WXJ 
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OH 
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give 16.6#(46%) of 8. b.p. 72-75’/2Omm, II:: I.4374 [a#- 16.7 
(C’~Ca&~na 2980 (1). 2910 (#A 28a (m). 1680 (r), 1455 
(no. 1383 (SL 13a (r). 1300 (w). 1w (r). 1230 (a). 1160 (SL 1060 
(VI), 1023 (m), 909 (w), 910 (W),BTO bj id; 8~i.26 m, il. 1.68 
(6H.br.d.334(1H.ddJ,-J,~7~~3.#)(lH.ddJ,-7Hz. 
j,=e6Hz),.4.62 &f; dt,. I;= 6-m Jsi8Hz$ Xi2 (iii-, b. d): 
(Far& C. 6B.M H. 10.19. C&h rquues: C, 69.19; H, 

(S&)+Mukyfpaane-l~hdd acewide 9. To a aupta- 
riwoiHI(OAeh(lrrmr)inTHF(3#)ml)rodntsrC320mI) 
waad&d8(3OI)andtllcmhturcwaastkedfar2OmiaItroom 
te~~ptoykldrclarydbw~A~.‘lknNaOHsoln(38aiu32Oml 
of .&tarj foUowal with NaR&NaOH sola (6.11 of thR& d 
38rofNaOHin32Omlofwatw)wweddedtotkmixhue. 
Afc!?rlk@forhillatmomt&p.,t!EmixtnmlnsMlmated 
WilhN8Cl8lKlCXhCtdWitllCtbS.TbedbESSOlDWUW8hd 
wiulbrine,drial(KtC4)andcoac4mlntalkwcuo.Tbsraidw 
vu dhtikd to give 495g(68%) d 9, b.p. 75-F/7 mm, r% 
1.4344; [a]%+ 10.6’ (c = 2.87, acc&ac); v, 3440 (ID), 2980 (s), 
2940 (0. 1460 (w). 1383 (8). 1380 (8). 1235 (0. 1220 (s), 1160 
1105 (m), 1060 (VI). 630 (m) cm-‘; h-l.16 (3&a), 1.18 

(aL 
(3H. I). 1.30 

(3H. 3. 1.36 QH. J. l.Sl.8 (w. ml. 274 (1H. I). 3.44 (1H. t. 

(m). l~Crfi375 (sj. iti (mj,iiU (S,iOn (njj i&o w>;#la (m). 
85O(m)cm-‘.Tbisu8scmployedfofthcwtatcpwihutfurtber 
pwifkhm. 
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Synthesis of optically active forms of ipsdienol and ipsenol 937 

(S ) -4 -Me thy lpen tane - l , 2 ,4 - t r i o l  l - t o s y l a t e  10b. Powdered p- 
TsCI (31.5 g) was added to a stirred and ice-cooled soln of 10a 
(21 g) in dry CsHsN (150m l). After 14hr at room temp., the 
mixture was poured into ice-dil HCI and extracted with EtOAc. 
The EtOAc soln was washed with dil HCI, CuSO4 soln and brine, 
dried (MgSO4) and concentrated in v a c u o  to give 21 g (48%) of 
crude 10b, Vm~ 3360 (m), 2970 (m), 2920 (m), 1600 (m), 1450 (m), 
1365 (s), 1190 (s), 1180 (s), 1100 (m), 980 (m), 900 (m), 830 (m), 
810 (m) cm -1. This was employed for the next step without 
further purification. 

( S ) - ( - ) - l , 2 - O x i d o - 4 - m e t h y l p e n t a n - 4 - o l  11. The tosylate (10b, 
21 g) was stirred with KOH aq soln (10g in 50ml of water) for 
I hr. The mixture was saturated with NaCI and extracted with 
ether. The ether soln was washed with brine, dried (K2CO3) and 
concentrated in vacuo .  The residue was distilled to give 3.8 g 
(47%) of 11, b.p. 78-80~ mm, n~ 1.4368; [ a ] ~ -  13.7 o (c = 1.91, 
CHCb); Umax 3380 (S), 2960 (S), 2910 (m), 2840 (m, sh.), 1380 (m), 
1360 (m), 1160 (m), 1130 (m), 1040 (m) cm-l; 8 1.25 (6H, s), 
1.45-1.95 (2H, m), 2.40 (1H, q, J = 3 Hz), 2.68 (1H, q, J = 5 Hz) 
2.8-3.2 (IH, m), 2.95 (IH, br. s, -OH). (Found: C, 61.43; H, 10.25. 
C6H1202 requires: C, 62.04; H, 10.41%). 

( 4 R ) - 2 - C a r b o x y - 4 , 6 - d i h y d r o x y - 6 - m e t h y l h e p t a n o i c  ac id  1 ~ 4  

l ac tone  12. Diethyl malonate (16 g) was added to a soln of NaOEt 
(prepared from 2.1 g of Na) in dry EtOH (65 ml). A soln of 11 
(3.6 g) in dry EtOH (10 ml) was added dropwise to a stirred soln 
of NaCH (CO2Et)2. The mixture was stirred and heated under 
reflux for 2 hr and left to stand overnight at room temp. Then a 
soln of KOH (9 g) in water (60 ml) was added and the mixture 
was stirred and heated under reflux for I hr to effect hydrolysis. 
The mixture was concentrated in v a c u o  to remove EtOH, diluted 
with water and extracted with ether to remove neutral impurities. 
The aq. layer was acidified with ice-dil H~SO~ and extracted with 
EtOAc. The EtOAc extract was washed with brine, dried 
(MgSOd and concentrated in v a c u o  to give ca. 5 g of crude 12, 
um~ ~ 3400, ~3200, ~2600, 1780-1700, 1250, 1150 cm -~. This was 
employed for the next reaction without further purification. 

(R)- ( - ) -2-1V[et]zy lene-4 ,6-d ihydroxy-6-methy lheptanoic  a c i d  l - ~  

4 l ac tone  13. The crude 12 (ca.  5 g) was mixed with 37% CH20 
aq spin (30 ml) and EbNH (6 ml) and heated at 80-900 for 30 min. 
The mixture was diluted with water and extracted with EtOAc. 
The EtOAc spin was washed with di lHCl and brine, dried 
(MgSO4) and concentrated in vacuo .  The residue was distilled to 
give 1.7g (32%) of 13, b.p. 130-132~ n~ 1.4754; [ a ] ~ -  
32.6 ~ (c = 1.25, EtOH); Um,~ 3420 (m), 2980 (m), 2950 (sh), 1770 
(vs), 1670 (w), 1295 (s), 1260 (m), 1200 (m), 1130 (s), 1040 (m), 990 
(m), 940 (m), cm-~; 8 (CDCI3) 1.32 (6H, s), 1.8-2.0 (2H, t), 2.4-3.4 
(2H, m), 4.28 (1H, -OH), 4.65-5.10 (1H, m), 5.70 (IH, t, J = 3 Hz), 
6.28 (lH, t, J = 3  Hz). (Found: C, 63.22; H, 8.00. C9H~403 
requires: C, 63.51; H, 8.29%). 

(4R) - 2 - P h e n y l s e l e n o m e t h y l  - 4,6 - d i h y d r o x y  - 6 - m e t h y l  - 

h e p t a n o i c  ac id  1-,4 l a c tone  14. NaBH4 (0.5g) was added por- 
tionwise to an ice-cooled and stirred suspension of 
C6HsSeSeCrH5 (1.9 g) in 95% EtOH (30 ml) under N2. The mix- 
ture was stirred for 30 min to yield a clear spin. Then a spin of 13 
(l.7g) in 95% EtOH (15ml) was added to the above spin of 
C6HsSeNa and the mixture was stirred for 2 hr under N2. Then it 
was poured into 0.1 N HC1 (200 ml) and extracted with ether. The 
ether spin was washed with water and brine, dried (MgSO4) and 
concentrated to give 2.4g of crude 14. This was chromato- 
grapher over Mailinckrodt AR 100 mesh silicic acid (30 g, 8.5 x 
3.5cm) in n-hexane. Elution with n-hexane-ether (3:2~ l : l )  
gave 2.3 g (71%) of pure 14, vm~, 3450 (m), 3080 (w), 2990 (s), 2950 
(s), 2880 (m), 1775 (vs), 1580 (m), 1490 (s), 1445 (s), 1370 (s), 1300 
(m), 1190 (vs), 1150 (s), 1025 (m), 750 (s), 700 (s) cm-1; 8 (CDCl3) 
1.26 (6H, s), 1.70-1.90 (2H, m), 2.2-3.6 (5H, m), 4.4-4.9 (1H, m), 
7.2-7.7 (5H, m). 

(4R) - 2 - P h e n y l s e l e n o m e t h y l  - 4 - h y d r o x y  - 6 - m e t h y l h e p t  - 5 - 

enoic  ac id  1~4 l a c tone  15. POCb (l.5ml) was added to an 
ice-cooled and stirred spin of 14 (2.1g) in dry CsH~N (10ml) 
and the mixture was left to stand overnight at room temp. Then it 
was poured into ice-dil HCl and the mixture was extracted with 
ether. The ether spin was washed with dil HCI and brine, dried 
(MgSOd and concentrated in v a c u o  to give 2.0 g of crude 15. 
This was chromatographed over SiOr-AgNO3 (1.8 g of AgNO3 in 

3.6 ml of water was added to 18 g of Mallinckrodt AR 100 mesh 
silicic acid) in n-hexane. Elution with n-hexane-C6H6 (1 : 1) gave 
843 mg (42%) of pure 15, ~ma~ 3080 (W), 2980 (W), 2930 (m), 2860 
(w), 1770 (vs), 1680 (w), 1620 (w), 1580 (m), 1480 (s), 1440 (m), 
1385 (w), 1330 (m), 1290 (w), 1195 (s), 1180 (s), 1080 (w), 1020 (m), 
1000 (w), 980 (w), 910 (w), 840 (w), 740 (m), 690 (m) cm-I; 8 1.66 
(3H, d, J = 2 Hz), 1.70 (3H, d, J = 2 Hz), 1.9-3.6 (5H, m), 4.80 (1H, 
m), 5.10 (IH, m), 7.2-7.7 (5H, m). Further elution with CrH6 gave 
a double-bond isomer of 15 with a terminal methylene 
group. 

(4R) - 2 - P h e n y l s e l e n o m e t h y l  - 4 - h y d r o x y  - 6 - m e t h y l h e p t  - 5 - 

enal  1~4 lac to l  16. i-Bu2A1H (25% in n-hexane, 4ml) was 
added dropwise to a stirred and cooled spin of 15 (0.8 g) in dry 
THF (10ml) at -55 to -60 ~ under N2. The soln was stirred for 
I h at -60  ~ The reaction was quenched by the addition of sat 
NH4CI aq spin (5 ml) at -60 ~ The mixture was diluted with ether 
and water with shaking. After 30 min the mixture was filtered 
through Celite 545 to remove AI(OH)3. The solid was washed 
with ether. The combined ether spin was washed with brine, 
dried (MgSO4) and concentrated in v a c u o  to give 746 mg (93%) 
of 16, ~m~, 3380 (S), 3060 (W), 2970 (S), 2930 (VS), 2850 (S), 1680 
(W), 1630 (W), 1580 (m), 1480 (s), 1440 (s), 1380 (m), 1270 (w), 1210 
(w), 1120 (m), 1060 (s), 1020 (vs), 740 (s), 700 (s) cm-l; 8 1.68 (3H, 
s), 1.73 (3H, s), 2.0-2.6 (3H, m), 2.7-3.2 (2H, m), 4.45 (lH, m), 
4.6-5.1 (IH, m), 5.1-5.6 (2H, m), 7.2-7.8 (5H, m). This was 
employed for the next reaction without further purification. 

(R) - (-)  - Ip sd i eno l  (6 - m e t h y l e n e  - 2 - m e t h y l o c t a  - 2,7 -dien - 

4 - ol)  1". Triphenylmethylphosphonium bromide (3.5 g) was 
added to a spin of NaCH2SOMe (from 0.4g of 50% Nail) in 
DMSO (15 ml) under N2 with stirring at room temp. The mixture 
was stirred for 10min to yield an orange spin of the Wittig 
reagent. A spin of 16 (0.7 g) in THF (7 ml) was added dropwise to 
the stirred spin. The mixture turned red. This spin was stirred for 
2 hr under N2 at room temp. Then it was poured into water and 
extracted with ether. The ether spin was washed with water and 
brine, dried (MgSO4) and concentrated in vacuo .  The residue was 
chromatographed over Woelm neutral alumina (activity grade 
II, 10 g, 11.2 x 1.5 cm) in n-hexane. After elution with n-hexane to 
remove hydrocarbon impurities, 1" was eluted with n-hexane- 
ether (3: 1). The chromatographically pure 1" (215 rag, 61%) was 
distilled to give 122mg (35%) of pure 1", b.p. (bath temp.) 
80-90~ n~1.4893; [a]D~--5.0 ~ (C =0.558, MeOn); ~'max 
3320 (s), 3080 (m), 2970 (s), 2850 (sh), 1800 (w), 1670 (w), 1630 
(w), 1595 (vs), 1450 (s), 1380 (m), 1320 (w), 1290 (w), 1260 (w), 
1210 (w), 1160 (w), 1110 (w), 1050 (sh), 1020 (s), 990 (vs), 960 (w), 
895 (vs), 870 (w), 8d,0 (m) cm-I; 8 (CDCI3, 100 MHz) 1.66 (3H, s), 
1.71 (3H, s), 2.37 (2H, d, J = 7 Hz), ~ 3.5 (IH, -OH), 4.45 (1H, dt, 
Jl = 7 Hz, J2 = 6 Hz), 4.90-5.40 (5H, m, 5.00, 5.04, 5.10, 5.20, 5.30, 
5.38), 6.34 (IH, dr, Jl = 16Hz, J~ = 10Hz); MS (70eV): role 

41.0321 (C3H5, 72%), 51.0225 (C4H9, 22%), 53.0389 (C~'I9, 22%), 
55.0555 (C4H7, 18%), 65.0405 (CsHs, 16%), 67.0558 (C5H7, 18%), 
77.0376 (C6H5, 30%), 79.0549 (C6H7, I00%), 81.0684 (C6H9, 16%), 
85.0637 (C5H90, 90%). 91.0543 (C7H7, 74%), 92.0596 (C7H8, 26%), 
93.0687 (C7H9, 36%), 105.0684 (C8H9, 24%), 115.0535 (C9H7, 
10%), 119.0852 (CgH., 40%), 121.I034 (C9H13, 24%), 134.1118 
(C1oI-ll4, M+-H20, 18%); GLC (Column 5% LAC 2R-446, 1.5 m x 
3 mm i.d. at 110 ~ Carrier gas, N2, 1.0 kg/cm2): Rt 8.0 min (92% 
purity) with minor peaks at 2.7, 4.1, 5.7, 8.5 and I0.0 min. (Found: 
C, 78.35; H, 10.41. C~oH~60 requires: C, 78.89; H, 10.59%). 

(+)-4-Methyl-2,4-dlhydroxypentanoic acid I ~ 4 lactone 20. The 
trichloroalcohol (17, 220g) was added to a vigorously stirred 
KOHaq soln (220g in 1540mi). At the end of the initial exo- 
thermic reaction, the mixture was stirred and heated under reflux 
for 20 hr. After cooling, the soln was acidified to pH 2 with 10% 
HCI and extracted four times with CH2Cb to remove 18. The aq 
layer was concentrated in vacuo and the residual semi-solid was 
thoroughly extracted with ether and CHeCI2. The organic soln was 
concentrated in.vacuo. The residue was dissolved in conc HCI 
(60 ml) and stirred and heated at 60-65 ~ for 3.5 hr. Then it was 
neutralized with K2CO3 aq soln, saturated with NaCI and extrac- 
ted with CH2C12. The extract was dried (MgSO4) and concen- 
trated in vacuo .  The residue was distilled to give 20.3 g (14%) of 
20, b.p. 90-93~ Vm~ MOO, 1770cm -~. This was im- 
mediately employed for the optical resolution. 
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(R)-(+)4-Methyl-2,4-dihydroxypentanoic acid 1 -*4 lactone 
20'. The racemic lactone 20 (54g) was mixed with 4N NaOH 
(130 ml) and the mixture was stirred and heated under reflux for 
1.5 hr to effect hydrolysis. After coofing, the mixture, was diluted 
with water (100 ral) and neutralized with N HCI (ca. 90 ml) to pH 
7. A neutral soln (pH 7) of (+)-a-phenyl-/3-(p-tolyl) ethylaraine 
hydrochloride was prepared from the amine (78.0 g) and N HCI 
(ca. 350 ml). The carboxylate soln and the amine salt soln were 
combined and stirred and heated for 2 hr at 100 ~ On the next 
day, another batch of the amine hydrochloride soln (prepared 
from 5.2 g of the amine) was added to the mixture and it was 
stirred and heated at 100 ~ for 2 hr. The soln was conceatrated in 
vacuo. The residue was diluted with 99% EtOH (ca. 500 ml), 
warmed at 40 ~ and filtered to remove NaCI. The filtrate was 
concentrated in vacuo. The residual crystalline mass was tri- 
turated with ether and filtered. The collected crystals were 
washed with ether to yield 91.6 g (65%) of crude 21. This was 
twice recrystallized from acetone to give 13.10 g (9%) of pure 21, 
m.p. 138.7~ [a]~+85.2 ~ (c=0.51, MeOH); Vm~x (Nujol) 3400 
(br), 3200 (br), 2600 (br), 1640 (m), 1620 (m), 1560 (s), 1520 (s), 
1150 (s), 810 (s), 760 (s) cm -~. The salt 21 (22.8 g) was mixed with 
2.5 N HCI (78 ml). The mixture was stirred and heated at 60--65 ~ 
for 30 rain, cooled, neutralized with NaHCO3 aq soln to pH 5, 
saturated with NaCI and filtered. The solid on the filter was 
thoroughly washed with ether and the filtrate was extracted with 
ether. The combined ether soln was dried (MgSO4) and concen- 
trated in vacuo to give 7.0 g (84% recovery from 21) of 20'. This 
was recrystallized from EtOAc-light petroleum to give 4.81 g of 
20' as needles, m.p. <25~ [a]~ ~ + 23.9 ~ (c = 0.564, MeOH); Vm~ 
3400 (s), 2970 (m), 2940 (m), 2880 (m), 1770 (vs), 1380 (m), 1315 
(s), 1280 (m), 1205 (s), 1160 (s), 1110 (s), 1035 (w), 1000 (m), 950 
(m), 920 (m), 800 (m), 700 (ra) cm-I; 8 1.42 (3H, s), 1.54 (3H, s), 
2.08 (IH, q, J l=10Hz,  J2=14Hz), 2.56 (1H, q, J l=10Hz,  
J2 = 14Hz), 3.82 (IH, br), 4.72 (1H, t, J = 10Hz); MS: m/e 130 
(M+); ORD: (c = 0.106%, MeOH), [q~]z,~ 0 ~ [&]25o- 1350 ~ c[ ORD 
of (S)-(+)-pantolactone (c=0.062%, MeOH): [~b];o0+420 ~ 
[~]2~o + 3570~ 

(R)-(+)-20'-(S)-(-)-MTPA ester was prepared in the usual 
manner: 8 1.40 (3H, s), 1.48 (3H, s), 2.12 (1H, q, J l=  10Hz, 
J2 = 14Hz), 2.54 (IH, q, Ji = 10Hz, J2 = 14Hz), 3.48 (3H, s, 
-OMe), 5.70 (1H, t, J = 10Hz), ~7.3-~7.7 (SH, m). (-+)-20-(S)- 
( - ) -MTPA ester was also prepared in the usual manner: 8 3.48 
(1.5 H, s, -OMe) and 3.60 (1.5 H, s, OMe). 

(R)-( + )-4-Methyl-2,4-dihydroxypentanoic acid 1 -*4 lactone 
THP ether 22. p-TsOH (500rag) was added to a soln of 20', 
(4.78 g) in dihydropyran (7.9 g) and dry ether (40 ral). The mixture 
was stirred overnight at room temp. Then it was washed with 
NaHCO3 aq soln and brine, dried (MgSO4) and concentrated in 
vacuo to give 7.92 g (quantitative) of 22, n ~ 1.4633; [a]~ + 63.9 ~ 
(c = 0.522, MeOH); Vm~ 2960 (s), 1780 (vs), 1280 (m), 1210 (m), 
1165 (s), 1140 (s), 1120 (s), 1100 (s), 1080 (m), 1040 (s), 1020 (m), 
1005 (m), 965 (m), 950 (m), 930 (m), 915 (m), 870 (m) cm -I. This 
was employed for the next step without further purification. 

(R)-(+)-4-Methylpentane-l,2,4-ttiol 2-THP ether 23. A soln of 
22 (9g) in dry ether (10 nil) was added to a stirred suspension of 
LAH (1.7 g) in dry ether (40 ml) at 0-10 ~ The mixture was stirred 
for 30 rain at room temp. and then heated under reflux for 1 hr. 
Then the excess LAH was destroyed by the addition of EtOAc 
(5 ml). Subsequent addition of water (1.7 ml), 4N NaOH (1.7 ml) 
and water (5 ml) to the stirred and ice-cooled mixture was fol- 
lowed by 1 hr's stirring at room temp. Then the mixture was filtered 
and the filter cake was thoroughly washed with ether. The 
combined ether soln was washed with brine, dried (MgSO4) and 
concentrated in vacuo to give 8.1 g (quantitative) of 23, n~ 
1.4659; [a]g2 + 34.6 ~ (c = 0.532, MeOH); Vm~ 3400 (s), 2960 (s), 
2880 (m), 1080 (s), 1030 (s) cm -~. 

(R)-(+)-l,2-Oxido-4-methylpentan-4-ol 11'. Removal of the 
THP protecting group of 23 with p-TsOH in MeOH gave 10a' 

l 23  o which was converted to 11 with [a]D + 21.6 (CHCI3) in the same 
manner as described for 11. The spectral properties were iden- 
tical with those of (S)-ll. 

(S) - (+) 2 - Methylene - 4,6 - dihydroxy - 6 - methylheptanoic 
acid 1 -*4 lactone 13'. This was prepared in the same manner as 
described for the preparation of 13. After chromatographic 

purification over Mallinckrodt AR 100 silicic acid, ll.0mg of 
lY, [a]~+58.2 ~ (c=0.11, EtOH), was obtained. The spectral 
prope.rties were identical with those of (R)-(-)-13. 

Dimethyl (R)-(+)-malate 24b. (R)-(+)-Malic acid (24a, 150g, 
Aldrich, [a]~+24.90 (c=5.6, CsHsN)) was dissolved in 3% 
HCI-MeOH prepared by adding 50 ml of acetyl chloride to I l of 
MeOH. The solu was left to stand overnight at room temp. and 
then concentrated in vacuo. The residue was distilled to give 
113 g of 24h b.p. 120-125~ mm. The residual materials in the 
distillation flask was dissolved in 3% HCI-MeOH (300 ml) and 
processed as above. Distillation afforded additional 30.1 g of 24b 
raising the total yield to 90%, n~  1.4366, [a]~+9.1 ~ (c =2.2, 
EtOH); Vm~ -- 3480 (m), 1750 (s), 1290 (s), 1235 (s), 1180 (s), I 115 (s), 
1050 (m), 1000 (m) cm-I; ~ 2.68 (2H, d, J = 5 Hz), 3.60 (3H, s), 3.69 
(3H, s), 3.78 (IH, s, -OH), 4.37 (1H, t, J = 5 Hz). 

Dimethyl (R)-( + )-raalate THP ether 25. Dihydropyran (100g) 
and p-TsOH (0.3g) were added to a soln of 24b (162g) in dry 
ether (1.31). The soln was left to stand overnight at room temp., 
washed with Na2CO3 aq soln and brine, dried (K2CO3) and 
concentrated in vacuo. The residue was distilled in the presence 
of a small amount of K2CO3 to give 226g (92%) of 25, b.p. 
112-114~ mm, n ~ 1.4513; [a]~ + 48.30 (c = 2.0, EtOH); Vm~ 
1755 (s), 1300 (m), 1280 (In), 1215 (s), ll80 (s), 1135 (s), ll05 (m), 
1080 (m), 1040 (s), 1030 (m), 1000 (m), 980 (m), 875 (m) cm i; 
8 -  1.3--2.0 (6H), 2.63 (2H, dd, J1 = 6 Hz, J2 = 3 Hz), - 3 . 2 - -  
3.9 (2H), 3.60 (3H, s), 3.64 (3H, s), 4.39 (1H, dt, Jl = 6 Hz, J2 = 
12 Hz), 4.69 (IH, br). 

(R)-Butane-l,2,4-triol 2-THP ether 26a. A soln of 25 (225 g) in 
dry ether (200 ml) was added dropwise to a stirred and ice-cooled 
suspension of LAH (52g) in dry ether 0.5 l). The mixture was 
left to stand overnight at room temp. and then heated under 
reflux for I hr. After cooling, water (52 ml), 15% NaOH aq soln 
(52 ml) and water (150ml) were added to the stirred and ice- 
cooled mixture. After stirring for 1 hr, THF (11.) was added and 
the mixture was stirred for 30 min. Then it was filtered and the 
filter cake was washed with THF (300 ml x 4). The combined 
organic soln was dried (K2CO3) and concentrated in vacuo to 
give 160g (92%) of crude 26a, ~'m~, -3380, (s), i140 (s), 1120 (s), 
1075 (s), 1025 (s) cra -~. This was employed for the next step 
without further purification. 

(R)-(+)-Butane-l,2,4-triol 26b. p-TsOH (1 g) was added to a 
soln of 26a (160g) in MeOH (11.) and the soln was stirred 
overnight at room temp. The mixture was neutralized with 
NaHCO3, filtered and concentrated in vacuo. The residue was 
distilled to give 81g (91%) of 26b, b.p. 140-143~ n[, ~ 
1.4714; [a]~+22.5 ~ (c=2.3, EtOH); ~m~ 3320 (S), 1060 (S), 
cm-1; 8 (100 MHz) 2.10 (2H, m), 3.91 (2H, d, J = 6 Hz), 4.11 (2H, 
t, J = 6 Hz), 4.30 (1H, m), 6.00 (3H, s, -OH). (Found: C, 45.57; H, 
9.63. CoqloO3 requires: C, 45.27; H, 9.50%). 

(R)-(-)-Butane-i,2,4-triol 1,2-acetonide 27. p-TsOH (0.5 g) was 
added to a soln of 26b (81 g) in acetone (1.51.). The soln was left 
to stand overnight at room temp. and then neutralized with 
NaHCO3. After stirring for 20 rain, the mixture was filtered and 
the filtrate was concentrated in vacuo. The residue was distilled 
to give 86.4g (77%) of 27, b.p..108~/20 mm, n ~  s 1.4404; [a]~ 5 -  
3.7 ~ (c = 3.6, EtOH); ~m~ 3400 (s), 3000 (s), 2950 (s), 2885 (s), 
1390 (s), 1380 (s), 1230 (s), 1165 (s), 1060 (vs), 860 (m) cm-l; 8 
1.24 (3H, s), 1.30 (3H, s), 1.72 (2H, q, J = 6 Hz), 3.03 (1H, hr. 
-OH), 3.2--4.3 (SH, m). (Found: C, 56.55; H, 9.78. C7H1403 
requires: C, 57.51; H, 9.65%). 

(R)-3,4-Dihydroxybutanal acetonide 28. A soln of 27 (14.6g) in 
CH2Cle (20 ml) was added in one portion to a stirred suspension 
of CrOy-CsHsN.HCI (32.3 g), NaOAc (2.46 g) and Celite (30 g) in 
CH2Cl2 (200 ml) and the mixture was stirred for 2 hr at room 
temp. The dark mixture was diluted with dry ether (200 ml) and 
filtered through a Florisil column. The column was washed with 
ether (50 ml x 3) and the organic soln was concentrated in vacuo 
to give 11.2 g of 28. The reaction was repeated 6 times and 85.5 g 
of 27 yielded 66g of crude 28. This was distilled to give 37.1 g of 
28, b.p. 100-110~ mm. Some .~tarting material (27, 10.7g, b.p. 
90-120~ ram) was recovered. The residue in the distillation 
flask (15.4 g) was thought to be a dimeric ester. This was reduced 
with LAH to give 12.9g of 27 after distillation. Thus recovered 
27 (23.6 g) was oxidized to give 11.6 g of 28 after distillation. The 
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