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Abrbrc-All of the four cnagctblly pox&k stcrcoi~(2R,SR.7R~. (2R.SS.75+. (X.SR.7Rb and 
(2S,SS,7S)- isamm] of ‘I~yl-2-mahyl-l.6dioraspiro(4.SJdccanc wcn spthbcnacd starting from ethyl 
(Sblactate and dimethyl (Sbmahte or methyl (Rbfi-hydroxy-vakrate employing dianion alkylation as 
the key-step. 

Spiroacetals have been isolated by Franckc et uf. as 
pheromones of several insect ~pccics.‘~ As a part of 
our continuing efforts to synthcsizc optically active 
pheromones,’ we accomplished the syntheses of opti- 
cally active forms of 2-ethyl- I ,&dioxaspir~4.4]non- 
ant (chalcogran A)‘. 2,8dimcthyl-I .‘ldioxaspiro- 
[S.S]undccane B’ and 2-methyl-l.7dioxaspiro(S.6] 
dodccane c6. All of our previous syntheses employed 
dianion alkylation as the key-step. Herein we report 
a chiral synthesis of all of the four energetically 
possible stcrcoisomcrs of ‘Icthyl-2-methyl- I ,b 
dioxaspiro(4.5)dccane 1, again employing dianion 
alkylation as the key-step. 

The two diastcrcomcrs of the spiroacctal 1 were 
first found in the pcntane extracts of workers of 
Parawspula culgaris L. and serve as constituents of 
their antiaggrcgative pheromones. The two di- 
astercomers of I wcrc also found in the complex 
volatile secretion from the mandibular glands of 
Andrena haemorrhoa F.’ Up to now nothing is known 
about the absolute configuration of the natural di- 
astercomers of I. We therefore planned a chiral 
synthesis of I so as to obtain the optically active 
stcrcoisomcrs in quantities sufficient for field tests. 

A number of syntheses of l$-dioxaspiro[4.5] 
dccanc wcrc rcportcd either as raamatc?” or as 
optically active forms.“.” Thcrc appeared no report. 
however. concerning the synthesis of optically active 
1,6dioxaspiro(4,5Jdccanc with IWO alkyl substitucnts 
such as 1, although Sccbach er al.” and Schurig e( 
al.” prepared the spiroaatals with only one alkyl 
substitucnt. Rctrosynthctic analysis of 1 as shown in 
Fig. I demands the prparation of the two chiral 
building blocks 4 and 5. Alkylation of the dianion 
derived from 4 gives 3, which kads to 1 via 2. 

The synthesis of both the cnantiomcrs of 
z-aatyl-7valcrolactonc 4 is shown in Fig. 2. The 
starting material was ethyl (S)-( - )-lactate 6a. whose 

--- 

t Pheromone Synthesis-6% Part 64. K. Mori and M. Kxl- 
sum& I.rch~#~ .4nn Chcm IS7 ( 1984). The cxpcnmcntal 
part of this work was taken from the M. Se. rhcsis of M. 
lkunaka (March. 1984). 

optical purity was dctcrmincd as 94.3% by analyz- 
ing the diastcrcomeric ratio of the cormspond- 
ing (.~)-a-mcthoxy-a-triQuoromcthylphcnylacctatc 
(MTPA cstcr) 6V by capillary GLC. Protection of 
the OH group in 6u as the cthoxyethyl (EE) ether 
gave 6c, which was converted to (S)-(-)-propylene 
oxide 7. [z]:j’ - 13.1” (neat) [lit.” [a]n - 12.5. (neat)], 
in 58.804 overall yield by the method of Scuring and 
Sccbach.” (R)-(+)Propylcnc oxide 7. [r]g+ 12.9“ 
(neat) [lit.” [a]:: + 13.0” (neat)]. was also prepared 
from 6a in 43.71; overall yield according to Hills and 
Ronald.” Basing on their analysis of 7 by complex- 
ation GLC. Schurig ef al. calculated the [a]u value of 
optically pure 7 to bc [& ? l4.6O (neat).” The optical 
purity of our enantiomcrs of 7 was therefore estimated 
tobc89 - 90% suggesting the occurrence of the slight 
partial raamization during the preparation. Addition 
of 7 to methyl acctoacctate was effected in the pnscncc 
of NaOMc in MeOH to give, aRcr two weeks, 4 in 44 
- 46% yield, [a]:: 2 14.2’ (EtOH). The overall yield 
of (R)-l from (S)& was 19.2% (4 steps). while that 
of (S)-4 was 27.0% (6 steps). 

Another building block 5 was synthesized by two 
difTcrcnt methods. At first we prcparcd both the 
cnantiomcrs of 5 from (S)-(-bmalic’acid & as 
shown in Fig. 3. The optical purity of 8b was 
confirmed as IwL by comparing the 400 MHz 
‘H-NMR spectrum of its (S)-MTPA cstcr & with 
that of the (S)-MTPA ester of dimcthyl (R)malatc. 
The EE ether 86 dcnvcd from 8b was rcduccd with 
LAH to give 9a. Treatment of 9a with BF,.EtlOm 
yicldcd Hh. Acylation of 1Oa gave lob, which was ’ 
heated with AcOH aq to give 9b. Conversion of !Jb 
to the cpoxidc (S)-I2a was effected by Gokiing’s 
general method of cpoxidc fbrmation.” which was 
known to mult in the retention of configuration at 
C-2. Trtatmcnt of9b with HBr-AcOH gave a mixture 
of two acctoxy bromides. whose major component 
was Il. It then yielded (Sj-14 [a]:: - 30.6” (CHfl*). 
when trcatcd with KICO,. The antipodal cpoxidc 
(R)-lt. [a]:: + 29.5” (CH,CI,) [lit.” [zk’ + 23.42” 
(CH,CI,)], wax synthesized from 9c according to 
Boger and PanekU with a slight modification of 
employing an EE protcctivc group instead of 
I-methyl-I-methoxyethyl group. This modification 
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Fig. I. Synthcuc plan. 

Fig. 2. Synthesis of the cnantiomn of I-aatyl-7-vakrolactone. 
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enabled us to obtain (R)-12a in 89.90/, overall yield 
from8)via~,Q1and9t,whileinthecascofBogtr 
and Panck” the overall yield was 40 * 45%. 

Protection of the OH group in (S)-lh as a t-bu- 
tyklimethylsilyl (TBDMS) cthd’gavc (Sb12b. which 
was treated with MeMgBr in the presence of CUB? 
to effect the mgiosekctive ckavage of the epoxy ring 
giving (R)-lh with retention of the configuration at 
C-3. Protection of the OH group in (Rb13a as a THP 
ether by treatment with dihydropyran in the presence 
of Ambcriyst- I5 in n-hexane” gave (R )-13b. This was 
mixed with (n-Bu),NF to remove the TBDMS group. 
Tosylation of the resulting (R)-13c yielded (Rk13d. 
which was treated with Nal to give (R)-5. The overall 
yield of (R )-5 from (Q-o-(-)_malic acid & was 13.2% 
in I4 steps. In the same manner (Rblh was converted 
to (S)-5 in 37.7% overall yield (I4 steps) via (R)-12b 
and (Sb3a-b. 

To check the optical purity of 5, we first tried to 
determine the optical purity of 12a. Bogcr and Panek 
reported that their (R)-lt with [z]b’+ 23.42” 
(CHICII) was of 98 f 2% e.c. by measuring the 
‘H-NMR spectrum of the corresponding epoxy 
iodide in the presence of tris [3-(trifluoro- 
methylhydroxymethykne)-dcamphorato] europium 
(III) [Eu(tfc),].” We reexamined their procedure by 
converting our (R)-1% [zfi + 29.5” (CH,CI,), ad 
(S)-12a. [a]:; - 30.6” (CHIC&), to the corresponding 
iodidcs. Upon addition of Eu(tfc),, those signals due 
to CH,O- and CHO- protons suffered the down-&Id 
shifts. However, these appeared as multiplcts and 
became broader when the amount of Eu(tfc), was 
increased to observe satisfactory down-tkld shift. 
This NMR method was therefore thought to be 
inadequate. WC next attempted to determine the 
optical purity of lh. In the conventional manncr.r6 
130 was converted to the corresponding (R)-MTPA 
cstcr 13e. However, the HPLC analysis of 13~ re- 
sulted in no clean separation of the diastercomm. 
Then the TBDMS protective group in 13e was rc- 
moved by treatment with AcOH aq and the resulting 

131 was analyzed by HPLC. Fortunately m this case. 
the diastcrcomers were separabk and the optical 
purity of (R)-lh and that of (S)-lh wre estimated 
to be > 99% and 93x, respectively. The optical purity 
of (R)-5 and that of (Q-5 were therefore thought to 
be >99”/, and 93%. respectively. 

The second and simpkr synthesis of 5 was carried 
out as shown in Fig. 4. After the completion of the 
synthesis of (R)- and (St5 from (S)-( - )-malic acid, 
we had the opportunity to obtain methyl 
(R)-( - )-/I-hydroxyvaleratc 14a. which was prepand 
by microbial /?-hydroxption of vakric acid by Can- 
dida N~OSO IF0 0750. Although the optical purity 
of (It)-14a kindly given to us by Dr. Hastgawa was 
to 84%. it could be enhanced to looO/, by rc- 
crystallizing the corresponding 3,Sdinitrobcnxoate 
14b.” Hydrolysis of the purified 18 with KOH gave 
(R)-14s. whose optical purity was confirmed to bc 
looO/, by the HPLC analysis of the MTPA ester 14d. 
Conversion of (R)-1C to (R)-5 was straightforward. 
Protection of the OH group in 1C as the THP ether 
gave 14~. which was reduced with LAH to give 
(R)-13c. The corresponding tosylate 13d gave (it)-5 
when treated with Nal. 

For the preparation of (Q-5. the configuration at 
C-3 in 13c must be inverted. Benzylation of (R)-13~ 
to 13g was followed by acid hydrolysis to give 
(R)-1% [a]:: + 8.88“ (CHCI,). This was submitted to 
the Walden inversion under the Mitsunobu condi- 
tion.” Thus (R)-13b was treated with Ph,P, 
3,Sdinitroknzoic acid and EtO,CN=NCO,Et in 
THF to give (S)-131. m.p. 58.8 e 59”. The use of 
3,Sdinitroknzoic acid instead of knzoic acid in tk 
original prccedurem is very effective. because 
3,Sdinitroknzoates of alcohols are usually crys- 
talline and can k puritkd by recrystallization. Hy- 
drolysis of (Q-13( with KOH gave (S)-13h. 
[z]? - 9.08’(CHCI,). The corresponding THP ether 
fS)-13g was hydrogcnolyzed over Pd-C to give 
(-9)13c. which was converted to (SF5 via (Q-13& 
The overall yield of (R)-5 from (R)-14a (84% c.c.) 

. 
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fg. 4. An alternative synthesis of Ihe cnanriomen of 5. 
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Fig. 5. Synthesis of the stereoisomers of 7ahyl-2-mcrhyl-l,bdloxaspiro(4.SJdacaoe. 

was 39”/ in 6 steps. while that of (S)-5 was 19% in 
12 steps. The optical purity of (R)_5 and that of (Q-5 
prepared from (R)-Ma were thought to be looo/,. 
reflecting the optical purity of the purified (R)-1C. It 
is evident that methyl (R)-( -.)+I-hydroxyvalerate 
Ma is a better starting material for the synthesis of 
(R)S. Utilization of IL in the synthesis of ser- 
ricomin (cigarette beetle pheromone) will be reported 
separately.’ 

Having secured the starting materials 4 and 5, WC’ 
proceeded to the connection of these two building 
blocks by dianion alkylation” as shown in Fig. 5. The 
dianion of (R)-4 was prepared by treating (R)-4 with 

’ NaH followed by n-Buli in THF-HMPA. Its al- 
kylation with (R)-5 gave (4R,S’R)-3. which was hy- 
drolyzed with KOH to give (2R.9Rh2. This was 
treated with dil HCl to give (2R.SR.7R)-I, 
[ag + 78.4- (n-pcntane). tn 42.6% overall yield from 
(R)-4. Because the optical purity of the lactonc (R)-4 
was only 89 _ Wk. our sample of (2R,SR,7R)_l was 
contaminated with a small amount (4 * 5%) of 
(ZS,SR,7R)_l. It should be noted that only 
(2R,SR.7R)-I was generated upon aatalization with- 
out the formation of any detectable amount of 
(2R,SS.7R)-1. WC and others already reported the 
analogous observation in the cases of other spi- 
roaatals.‘,‘,’ This is due to two reasons: (i) the Et 
group prefers the cq orientation; and (ii) the diaxial- 
like position of 0 at the spiro anter is the more stable 
one owing to the anometic effcct.‘~b9~‘0~” In the same 
manner, (R)-4 and (Q-5 yielded (2R.SS.7S)-I, 
[a]? -97.5’ (n-pcntane). (S)-4 and (R)-5 gave 
(2SJR,7R)_I, [a)fj’ + 102” (n-pentanc). and (S)_4and 
(S)-5 afforded (2S,SS,7S)-I, [z]:,’ - 76. I (n- 
pentane). 

In conclusion, we synthcsixed all of the four ener- 
getically possible stereoisomers of 1 with three chiral 

centers. Dianion alkylation was again proved to be a 
very effective method to synthesize spiroaatals. Bio- 
assay of these stereoisomers of 1 is now in progress 
in coopcratlon with Dr. W. Franckc, the result of 
which will hopefully clarify the absolute 
configuration of the natural pheromones. 

CXPEIU.wENTAL 

All bps and m.ps were uncorrected. IR spectra wcrc mea- 
surcd 1u film or s Nujol mull on a Jasco A- 102 spzctromcter. 
NMR spectra were recorded at 60 MHz with TMS as an. 
internal standard on a Hitachi R-24A spectrometer unkss 
othetwisc stated. optical rotations wcm mcasumd on a Jasco 
DIP-140 automatic polarimcter. HPLC analyses were per- 
formed on a Shimadzu LC-2 chromrtograph. GLC anaIm 
were performed on a Hitachi I63 or on a Jcolco JGC-2OK 
or on a Hcwktt-Packard 584OA gas chromatograpb. 

lkrrrmmation of the oprual purity of (S)&. Commcr- 
ciahy available (S)-6a (Kant0 Kagaku Co.. 99 94% chrrntcal 
purity as checkcd by CiLC.). [z]$’ - 10.9” (neat. dy’ 1.02). 
was converted to (SFMTPA ester 6b,‘* whtch was analyzed 
by GLC (Column. PEG 2OM. SOrn x 0.28 mm at 70 5 22tY 
(+ 3 /mm); Carrier gas. He. I.0 kgicm’); R, 53.00min 
(97.lp/,). 53 mm 44 see (2.83”/,). The optical purity of (S)-6a 
was thcrcfore 94.3%. 

(SH -)_propJ+nc ox& 7. Thus was prepared by the 
method of Scurin 

Q 
and Sccbach”. b.p. 34 _ 38’; 

[z&’ - 13.1’ (neat. d,’ 0.827) [III.” [zIr, - 12.5’ (neat)]; d 
(CIXI,) I.30 (3H. d. J = S.OHr). 2.30- 2.50 (IH, m). 
2.60-2.86(IH.m);2.88-3.lS(IH.m). 

(R)< + )_fropy/en oxi& 7. This was prepared by the 
method of Hills and Ronald,” b.p. u”; 1x1: + 12.9 (nut. 
d:’ 0.823 Ilit.” [z]:: + 13.0’ (neat)]. 

(4SH )2-Arrr~l4prirrarw/idr 4. AcCH,CO,Mc (83.7 g) 
was added to a stirred soln of NaOMe (from 16.9 g of Na) 
m MeOH (290 ml) at 46 w 49. To this was ad&d dropwise 
(Sk7 (41.9 g) with stimng at 0” under Ar. The mixture was 
soured for two weeks at rmrn temp. During this m the 
mixture brne white yellow paste and then turned to a 
deep red clear soln. It was then neutralkd with AcOiI 



SynIhais of all of ~hc four energetically possible stereoisomers of 7ahyl-2-mahyl-l.~ioxaspiro(4.S)da 3475 

(48 ml) and H,O (100 ml). The mix~urc wax conanlrald in 

WICW. The r&due was extracted with aher. The e&r soln 
was washed with brine, dried (N+W,) and concenlrated in 
vucw. The rtsduc was diWed IO give 47.06 (46%) of 
(4.Q4. b.p. 81 4 85”/3mm; ng 1.4459; [a]:: - 14.2” 
(c = 3.15, EtOH); v, 1765 (I). 1722 (s). 1655 (m). I I80 (s). 

1 I60 (s). 955 (s) cm ‘; d (CCL) 1.43 (3H. d, J = 6 Hz). 2.34 

and 2.37 (each s. Iota1 3H). I.65 - 3.00 (2H. m). 3.48 z 3.90 

(IH. m). 4.35-4.90 (III. m): GLC (Column. 5% FFAP. 
2 m x 4.mm at 150’ ; C&r gas. N,. 0:s kg/a&: k: 9.9 min 
(97.3‘;): MS: m,!: 142 (M ‘). (Found: C. 58.63: H. 7.14. Calc 
for C,H,,O,: C. 59.14; H. 7.09%.) 

(4R)-( + )-2-Ac~ryl4~rannlidr4. In the same manner as 
described above. (kb7.(35.2 g) gave (4R)4 (37.8 g. 44s’/,). 
b.p. X3 - 85 :‘3 mm: ng 1.4459; [x]P + 14.2’ (c = 3.24, 
EtGH). GLC (Column. S% FFAP. 2 m x 4 mm aI 150’; 
Carrier gas. N, 0.8 kgicm~: R, 9.5mm (97.3%); MS: mir 
142 (M’). IFound: C. 58.10: H. 7.07. Calc for C,H,O.: C. 
59.14; H: 7:099,.) The IR and NMR spectra of (iR% & 
idermcal wirh those of (4SH. 

Dimrrhyl (S)-(-)-mdou 8). Commercially availabk 
(S)( -- )-malic and &. m.p. 105. [a$,’ Y 28.2’ (c = 5.57. 
C,H,N). was used as le Jtarting maIerial. AcCl (100 ml) 
was slowly added IO ia+sd~-cookd MeGH (I 330 ml). To 
Ihis was added (S)-& (200 g) and the mixture was stirred for 
2 days. II was then conccntrald in CWCUO. The residue was 
disIilkd IO give 202. I g (74%) of LI& b.p. 88 - 91 ‘13 mm; ric 
1.4330; [a]:,’ - 7.10 (neaI. d :’ 1.21) (lit.” [z]: - 7.57 

(neaI)l. 
Detrrminotron oj the optical pwcty o/ (S)-Sb. (S)-MTPA 

esters of ( f )-8b and (SJ-( -)-lb were prepared as usual.‘* 
NMR of (S)_MTPA ester of (f )gb: d (400 MHz. CDCI,) 
3 55 and 3.63 (GCH, of MTPA). 3.57 and 3.70 
(CH(OH)CO,CH,). 3.76 and 3.80 ( Ctl~CO,CH,). NMR of 
gc 6 (400 MHz. CDCl,) 3.57 (3H. s), 3.63 (3H. s). 3.80 (3H. 
5). This proved the optical puriry of (.9)-g& IO bc IOCQ. 
HPLC analysis of (S)MTPA ester of (fjdb (Column, 
Partistl 5. 25 cm x 4.6 mm; ElumI. n-hexantTHF = 40 I; 

25 krvcmzl. R. 164.0mm. 171.1 mm. HPLC analvsis of & 
(under Ihe same condiuon) R, 164.0 min. Thus al& proved 
Ihe opIical puncy of (S)_8b IO be I@?%. 

Dururhyl (S)-tndorc EE rrkr 81. CF,CO,H (0.2 ml) was 
added dropwise IO a stirred and cooled soln of 0 (10.2s g) 
in eIhyl vinyl ether (IO0 ml) aI - IV. The mIxIure was 
stirred for 2 days al room tcmp The stIrring was continued 
for further 2 hr after the addiIion of Na,CG, (0.2 g). The 
mixlure was fihered and the Iil~rate was concemrated in 
r~~caio lo gve M (14.3 g. quantitative). Y_ 1750 (s). I I70 (5) 
cm ‘. This was employed m the ncxI step without further 
purificalron. 

(S)l.2.4Bur~crr~4 2-&E r&r 9a. This was prepared 
from 8( (16.8 g) accordmg IO Ref. I4 yielding 10.9 g (97X/, 
from (Ib) of 91. v_ 3400 (5). I I25 (s). 1092 (s), I050 (s) cm ’ 

(S)- I .2.4- Bufonerrtol I .2-erhylidene aced 4-accrorr I& A 
soln of BF,,Er,O in eIha (47Y;: 0.3 ml) was added IO a soln 
of 9a (7 I .O g) in dry ether (I 30 ml). The mixture was stirred 
overnIght at room ~cmp. II was then diluted with dry C,H,N 
(75 ml) and dry CH,Cl, (2Nml). To the cc&d and 
slrrml mixlurc were ddd Ac,O (78 ml) and 
QN.Ndimahylaminopyndine (DMAP. 31.5 mg) aI 

5 5 0 7he slirring was conlmued overnight ai rwm 
Kemp. Thus was poured mIo crushed ice (I IO g) and cone 
HCl (I 7.9 ml). The organic layer was separared and the aq 
layer was exIracIed with CH,Cl,. The combined organic soln 
was washed wiIh WI CuSG,aq. H,O. SPI NaHCO,aq and 
hnne. dncd (Mg.SG,) and concenrraial in wxuo IO give 
7X.4 g of a crude 011. A porIion of II was disIilkd IO l~vc ~turc 

IfJh b.p. IO8 - lW)27 mm; nc 1.4329: [xt? + i9.4. 

(c - I 32. CHCI,); Y, 1745 (5). 1377 (s). 1245 (s). I I60 (5). 
1135 (I) cm ‘; 6 (CC&) I.25 (3tl. d. J = 5 Hz), I.12 - 1.89 
(211. m). 2.06 (3H. s). 3.32-4.31 (SH. m), 4.62 (IH. q. 
J -1 5 11x). (Found: C. 55.23; H. 8.18. Cak for C,tt,,O,: C, 
55.16; H. 8.10“,.) 

(St 1.2.4Burruurrtd Qocrro/r OI. A mixlure of Ihc cnde 

Mb (102.2 g). AcGH (2IW ml) ad water (230 ml) was &red 
and katd under rdhx for I6 hr. II was then concenIratal 
VI mew. The residue was diluted with C,H, and conczn- 
Iralal in tzxIW. This was IqIeaIcd several times to give 
77.6 g (98.4% from 8)) of crude W. v,. 3410 (s). 1730 (s). 
1370-(s), I245 (I). 1050 (s) cm-‘; 6 @DCl,, i.78 (2H:q. 
J = 6.0 Hz). 2.08 (3H. st. 3.20 h 3.99 (3H. ml. 4.2s (2H. I. 
J = 7 Hz):469 (2tt. s). This was employ&l in.lhe n&c s& 
wiIhouI fur&r purihca~ion. 

(S)I-Brumo-2.4burunrdid 2.4durcc101r Il. A soln of 
HBr in AcGH (WA: 200 ml) was added dropwise over 8 min 
IO 9b (35.9 g) with srirring and cooling (ice-s& bath). After 
the addltlon. the mixture was dural for 5Omm aI room 
Iemp. II was then poured into ice-waler. neutralized wirh 
Na,CO, and extrac~cd wsnth aher. The aher soln was dried 
(MgSG,) and conoznlra~d in wcyo IO give 53.0 g of crude 

11. v, 1745(s). 1230(r), lO4J(s)an ‘:d(CCl&l 1.90-2.46 
(2H. m). 1.96 (3H. s). 2.02 (3H. s), 3.39 (2H. d. J = 5Hx). 
3.99 (2H. I. J - 7 Hz). 4.65 - 5.25 (IH. m). This was em- 
ployed m the nexI step without further puriIicaIion. 

(S)-l.2-Epoxy4hurand (Q-It. Crude II (ll2g) was 
added IO a suspension of K&G, (62g) in MeGH (650ml) 
and THF (65Oml) and the mixture was stirred overmght 
vigorously. II was then concenIraIe.d 6, eacuo. The residue 
was diluted with CH,Cl, and Iihcredd. The solid was Ihor- 
oughly washed wuh CH,Cl,. The combined fihra~c and 
washmgs were dried (MgSG,) and concentrated in cvacuo. 
The residue was chromalographed over SiO, (Merck KIC- 
selgel 60. 4oog). Elution with ether gave (Stlt (9.8g. 
29 Ip,. from 9b) as a pale yellow oil. n: I .4259; [ag - 30.6 ’ 
(c - 5.10. cti,Cl,); v, 3420 (5). IO55 (5) cm ‘; d (CDCl,) 
I 25 c 2.28 (2H. m), 2.28 - 2.62 (IH. dd. J = 2 and 4 Hz). 
2.62-288 (IH. I, J=4Ht). 2.88-3.24 (IH, m), 
3.32 - 3 9S (3H. m). (Found: C. 53.99; H. 9.09. Calc for 
C.H.0; C. 54.53; H. 9.lY/,.) 

(St l.2-Qoxy4f~u1anol TBDMS ether (S)-lt). A soln of 
(S)-12a (ll.Sg) in dry CH,Cl, (5Oml) was added dropwise 
over I3 tin IO a soln of TBDMS-Cl (30 g) and DMAP 

(640 mg) in CHflz (I 50 ml) and EON (40 ml) wiIh snrring 
and coohng (ice-sah bath). The nining was connnued over- 
nighI at 4’. The mixture was diluted mth e&r (250 ml). 
washed with H,O. saI NH,Claq and brine. dried (Na.m,) 
and conceniraicd in vocuo lo give 33.9 B of crude l2b. A 
portion of iI was disWecl IO-give pure- (Sbl2b, b.p. 64 
- 67*/J mm: n6 1.4241: I& - 12.8” (c L 2.1 I. CHCl,): 
c,. Ii55 (I). I I05 (5). 835 (;). 775 (I) cm-‘; d (Cn, 0.04 
(6H. s). 086 (9H. S). I.40 - 1.85 (2H. ml. 2.30 (IH. dd. J 
= 2 and 5 tiz). 2.56 (IH. I. J 7 4 Hr). 2.77 - 2.99 (IH. 
m). 3.65 (2H. I. J 2 6 Hz). (Found: C. 58.90; H. 10.67. Cak 
for C,,&O& C. 59.34; H. 10.98%) 

(R)-l.3-fenrcuudiol I-TBDMS rfher (Rbl3a. A soln of 
MeMgBr in TtlF was prepared from Mg (8.2g). MeBr 
(38.6 g) and THF (450 ml). To this was added CuBr (5.0 g) 
with stirring aI - 60 - - 55’ under Ar. A soln d(S)-1% 
(50.5 g) in THF (I IO ml) was added dropwix IO the stu-rd 
and cooled soln of McMgBr-CuBr aI - 40 c -. 30’ TM 
srimng was conIinued for 2 hr at 4 . The mixture was 
poured into sag NH,Claq and cx~racled with ether. The 
ether soln was wahvd with brine. dried (MgSO,) and 
concentrated UI L- IO give 54.0g of crude (R)-lk. A 

portion of II was purifKd by SiO;chromaIography and 
disIiflul IO give pure (R)-13a. b.p. 78 - 86 16mm; ng 
1.4317; [a,; + 10.5’ (c = I 32. CHCl,); Y, 3530 (m). 1275 

(5). I I I5 (5). 85Ys). 800 (s) cm ‘; d (CCl,) 0.05 (6H. s). 0.88 
(9H. s). 0.70 - I.10 OH. I, J - 6 tlr). I.14 .. 1.77 (4H. m). 
2.47 (IH. d. J = 2 Hz), 3.77 (2H. I.-J = 6 Hz); GiC (Coi- 
umn, PEG 2OM. 2m x 4mm at IOO- 190‘ (+4’/mm); 
Carna gas. N, I .O kg/an’): R, 13.5 min (98.5 + 99.0%). 
(Found: C. 60.38; H. 11.98. Cak for C,,tl,O,Sisi: C. 60.48; 
H. lZ.OO=&) 

(R)_l.3-fe~~orwdrol I-TBDMS.3-THP nher (R)_13b. A 
win of (R)_lJI (68.6g) and dihydropyran (43ml) in n- 
hexane (63 ml) wax added dropwise IO a s11n-4 and cooled 
(KX-S~I~ bath) suspension of Ambcrlyst-I5 (7.ft6g) in n- 
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hcxanc (63 ml). Tbc mixture was stirred at 4” for 5 hr. II was 
then fillcrai through a pad of Glitc. Tbc filtrate was 
concentrated in m to gin 110.0 g of crude (R)-1% ad a 
pak yellow oil, u, 1255 (I). I12U (I). 1075 (s). 1030 (s). 
1020 (s). 830 (I). 770 (I) cm. ‘; d (CCl,) 0.02 (6H. s). 0.8 I 
(9H, s). 0.62 - I.00 (3H. m). 1.00 - 1.99 (IOH, m), 3.00 
- 3.81 (JH. m). 4.39 (IH. s). This was employed in the next 
step without further purihtion. 

(R)-I.3-fcnranc~bl 3-THP rrhr (R)-lk. A soln of 
(RF13 (SO.9p) m dry THF (ISOml) was added dropwisc 
to a stir& soln of (n-Bu),NF (1.32.3 g) in dry,THF (400 ml) 
at room temp. The stirring was continual overnight at room 
temp. The mixture was then concentrated in WNO. The 
rcsi&c was diluted with H,O and extracted with CH,Cl,. 
The CH,Cl, soln was dried over MaSO.-Na;CO,. The 

‘ ‘ --. , 

rrsldual rod-brown oil (61.6 g) was duomatographal over 
SiO, (Merck Kicscigcl 60, 4SOg). Elution with n- 
hcxan+Et,O (4: I) gave (R)-lk (22.1 g, WA from (Q-121). 
A portion of it was distillad in wcyo over K,CO, to @vc 
pure (RF&, b.p. l20- l22’13mm; [zg’- 31.9 
(c - 1.03. CHCI,); Y_ 3520 (m), 1075 (s). 1023 (s) an-‘; d 
(CDCl,) 0.89 and 0.93 (total 3H. eefh t. J = 7 Hz). 
1.14~2.3S(lIH, m). 2.95-4.33(SH.m).4,6O(lH. br. s); 
MS: mjr I88 (M’). 187 (M’ - I). 

(R)-l,3-Pen1uncdiol 3-THP crher I-rarylarc (R)_lY. A 
soln of (Rb13c (14.9g) in CH,Cl, (23ml) was added 
dropwnc to a stirred and cooled soln of TsCl (19.6 g) and 
C,H,N (25 ml) m CH,Cl, (78 ml) at - I5 - - lo’. The 
mlxturc was stirred overnight at 4’. The cxcxsf TsCl was 
destroyed by the addition of H,O (IO ml). The mixture was 
poured into icc-dil HCl and extracted with CH,Cl,. The 
CH,Cl, soln was washed with sat CuSQaq. H,O. sat 
NaHCO,aq and brine. dried (MgSO,) and corwamtratcd in 
c- to give 31.58 (quantitative) of crude (RblJ1. Y, 
lb00 (m), 1360 (s). II88 (s). Il75(s), 1035 (s) cm ‘; 6 (Cc13 
0.X0 pnd O.g2 (total 3H. each t, J = 7 Hz). I.05 - 2.10 (IOH. 
ml. 2.42 (3H. s). 3.05 w 3.82 13H. ml. 4.03 (2H. a. J - 7 Hz). 
4.ij-4.63 ilii). 7.26 (2H.. d; j: 8 H;). 7.51. (2H. d; 
J = 8 Hz). 

(R)-l-fod0-3-pen1un0/ THP e/her (R)-5. K,CO, (3.288) 
and Nal (47.4 g) wcrc added to a soln of (RFIY (31.5 g) in 
aoztone (3RS ml) with stirring and &cooling. The rmxturc 
was stirred for 2 days at room temp. It was then co-- 
tratcd UI racuo. The &due was diluted with H,O and 
cx~ractcd with ether. Thc cthcr extract was washed with 
NaS,O,aq and brine, dried (M&X&) and concentrated m 
t’-. The residue was chromatographai over SIO, (Merck 
Kiaclgcl 60. 400 8). Elutton with n-hcxanc-cther (8: I) gave 
(R)-S(l7.9g,8O?;from(R)-13c). Y_ IIu)(s), 1075(s). 1033 
(s). I020 (s). 995 (s) cm-‘; 6 (CCl,) 0.88 and 0.93 (total 3H. 
each t. J = 7Hz). I.oR - 2.38 (IOH. m). 3.00-4.15 (SH. m), 
4.40 - 4.78 (I H). This was unstable and used immediately 
after the pmparatlon. 

(S)-I.2.QBuraturriol 1,4-&iaccrarr 2-EE r&r &. A$0 
(37ml) and DMAP (17.5 mg) wcrc added to a stirred and 
ice-coolal soln of 9a (2 I .6 g) and C,H,N (37 ml) in CH#Zl, 
(I94 ml). The mixture was stirred overnight at room temp. 
It was then poured into iccdil HCl and extracted vnth 
CH,Cl,. The CH,CI, sola was washcd with sat CuSO,aq. 
II,<). JBI NaHCO,aq and brine. drill (MgSO,) and conccn- 
Waled 6, cvacw to give 30.7 g (quantitative) of crude *. v_ 
1730(s). 123O(s)an ‘; d (CDCI,) 0.80 - I .32 (6H. m). I .95 
(3H. I). 1.97 (3H. s). 1.42 - 2.40 (2H. m). 3.15 - 4.35 (6H. 
m). 4.45 - 4.90 (I H. m). This wax employed in the ncxl step 

without further purification. 
(S)--1.2.4Buranerriol 1.4-&c~rav W. Cone tlCl (0.5 ml) 

was added to a stirred soln of Pr (Sl.88) in THF (lOOmI) 
and H,O (200 ml). The stirring was continual overnight at 
rmrn temp. The mixture was concmtratcd k cwcuo. The 
residue w& ncutrahzed with NaHCO, (1.6 g). saturated 
with NaCl and extracted with CH,Cl,. The CH,Cl, soln was 
dnai (Mg..,) and concentrated in’ WKW td &c 37.68 
(quantitative) of cn& 91, v, 3460 (m). I740 (s). I240 (S). 
IO50 (s) cm-‘; 6 (CDCI,) I.53 - 1.98 (2H. m). 2.05 (3H. I). 

2.09 (3H. s). 2.75 (IH. br. s). 3.50 - 4.56 (SH. m). This was 
employed in the next step without further purification. 

(S~I.2.4-Burmurrid I .4-&ccrare 2-mesylotc 9t. MsCl 
(28 ml) wu added dropcnsc to a stirred and cooled sdn of 
9b (42.6 g) ad EI,N (57 ml) in CH,Clz (426 ml) at 
-IS-(r.ThcmixturcwasstirrcdforIhrat -lS”.Itwas 
then poured into icedil HCl. and extracted with CH,Cl,. 
The CH,Cl, soln was washed with dil HCl. sat NaHCO,q 
and H,O. dried (M&O,) and concentrated in wcw to give 
59.38 of crude pt. This was chromatographcd over .SQ 
(Merck K&&cl 60. I.2 kg). Elutioa Mth cthcr gave 52.5 g 
(quantitative from 9a) of )c. Y, 1235 0). 1075. (s). IOSS (I). 
923 (s) cm-‘: d (Xl,) 1.70 w 2.08 (2H. m). 2.01 (3H. s). 2.05 
(3H. s). 2.98 OH. s). 3.90-4.30 (4H.m). 4.65 - 5.05 
il H, mj. This’& ~mn&iiatcly wad iri Ibe nCxt step. 

(Rtl,2-~poxy46uf~(R~lt. K,CO, (59.6g) was ad- 
dbd to a soln of 9c (SZ.Sg) in McOH (666ml) and THF 
(666ml). The suspension was stirred overnight vigorously. 
II was then conum~ratad in -. Tbc residue was diluted 
with CH,Cl, and filtcrai. The solid was washed thoroughly 
with CH,Cl,. The combined filtrate and washings wcrc dried 
(M&Q and conctntratcd in U-W. The rcGduc was chre 
maiog&phcd over SiO, (Merck Kicscigci 60.670 

8 
). Elution 

with cthcr aavc (R)_lt (15.9~. 92.4%). n,’ 1.4286: 
131; + 29.5” (; = s.di..c~,~i~. TG IR ~ZNGR spactn 
were identical with those of (Sblt. 

(R)_l.2-Epnx+&rand TBDMS ether (RblZb. In the 
same manner as described for the prcpn of (S)-12b, (R)-12a 
was convened IO (Rbl2b. b.p. 63 - 65”/4 mm; ng 1.4241: 
[a]b” + 12.5” (c = 2.1 I. CHti,). (Found: C. 59.07:-H. 10.92. 
Calc for C,&,O&i: C. 59.34: H. 10.985.1 The IR and NMR -- _- _ 
spectra wcrc idcnticnl with thoac of (Sbljb. 

(S)-l.3-Pmfu~fiol I-TBDMS ether (S)-lh. In the same 
manner as described for the prcpn of (R>13a, (R)ltb was 
converted to (Sb13r b.p. 86 - 9F!7mm; ns 1.4316, 
[x,6 - 9.3‘ (c = 1.32, CHCl,). (Found: C, 59.91; H. 11.89. 
Calc for C,,H,O$i: C. 60.4ll; H. 12.WA.) The IR and 
NMR spectra wcrc identical with those of (Rblh. 

(S~l,3-Pmta1~dtoi I-TBDMScrher 3-THP crkr (S)-1). 
In the same manner as described for the prcpn of (R)-13). 
(Sb13a was converted to (St1% whose spactral data wcrc 
identical wth those of (R)-1% 

(S)-l.3-fenru~&/ 3-THP ctlwr (S)_lk. In the same 
manner as described for the prcpn of (R)-13c. (S)_13b was 
converted to (Stl3c in 71% overall yield from (R)-lt. A 
portion of it was distilled IO giv; pure (Stl3c. b.p. 
IO5 - Il0’:6mm. 1x1?! ’ + 16.2” (c = 1.10. CHCI,): MS: m/z 
l8W (M ‘). .I87 (M“ :r I), 85 (base peak). The s&&al &;a 
wcrc identical with those of (Rb13c. 

(S)-l.3-Penranedid 3-THPaher I-rosy/arc (S)-13d. In the 
same manner as described for the pnpn of (Rb13d, (Sb13c 
was converted to (St13& whose spaztral data wcrc identical 
with those of (R)-13d. 

(S)-l-/odo-3-~ranol THP cthrr (S)-5. In the same man- 
ncr as described for the prcpn of (R)_S. (Sk131 was 
converted to (Q-5 in W,,: yield form (Sblk. 

Dctcmtinarion of ~ht opricd pm?) of lk 
(a) Prrpn of I .S-prn1anc&ol3_( RF M TPA ester I - TBDMS 

trkr 13r. (R)-l3a (43.7 mg) and (+)-MTPA Cl (52~1) 
yiddcd RI.4 mg of (R)-13t in the usual manner.” Similarly. 
R4.8 mg of (S)lJc was obtainal. 

(b) Prepn of 1.3~penr~diol 3-(RbMTPA CSICI 1X. 
(RF& (81.4mg) was dissolved in a mixturr of AcOH 
(0.72 ml). THF (0.24 ml) and H,O (0.24 ml) and the soln was 
&rnd ovcmlght at room tcmp.~ It was then neutralized with 
sat NaHCO,aa and extracted with CH,Cl,. The C?l,Cl, soln 
was wash& 4th H,O. sat NaHCO;aq-and bn&. &cd 
(MgSO,) and concentrated in tvzcw. The r&due was 
pur&d by prep TLC [Merck Kiescigcl G; developed with 
&r-n-h&&-O: I)] I; gvc 53.1 mg-183.6% from<RblkJ 
of (RklJI as an oil, d (CDCl,) 0.93 (3H. t. J - 7 Hz). I.27 
(IH, s). 1.45-2.08 (4H, m). 3.58(3H. s). 3.20-3.72 (2H. 
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m). 5.71 (IH. qutnt. J-6Hr). 7.15~7.80(SH. m). Simi- 
larly. 39.5 mg [62.?/, from (S)-13aJ of (Sb1Jlwa.s obtained. 

(c) AHPLC anufysis o/ 1JI. (Column. Partisil 5. 
2Scm Y 4.6mm; Eluettt. n-hcxatte THF (IO: I); Press, 
30 kg/cm*): R, 135.2 mitt [(SblJr! and 143.6mitt I(R)-IJIJ. 
Thcd~s~ericrs~of(R~IJ(arasO:l00.wtuk~tof 
(.W13r was %.k 3.5. The‘optkal purity of (Rb13a was 
therefore >pg;/, and that of (ShI3a was 93%. 

Mcrhyl (R~3-(3’.S’-dlu’rr~oyloxy~ranoorc 14. 
~icallyimpurr1~[17.0g;[a~ -31.6”(c = I.Il.CHCl,); 
ttg’ 1.4il6]was treaicd GUI DCC (32.3 g). DMAP (l.3& 
and 3.5dinitrobetuoic edd (41.2 a) in CH,Cl, (258ml). 
Subsequent work-up as repor& in-iW 27 g&;&de Ii 
(40.7g. 9P,;). Thts was fractionally tuztystalhzzd from 
n-hcxanc-ethcr (7: 3) to give 20.6 g (5 1% rrcovcry) of pure 
14b as pale yellow needles, m.p. 65.5 - 66.0”; 
1x1; - 9.50 f O.OY (c = 2.18, CHCl,). The spearal data 
were KJentical with those reported in Ref. 27 (Found: C. 
47.98; H. 4.33; N. 8.54. Cak for C,,H,,O,NI: C. 47.85; H, 
4.33; N. X.WL.) 

Mtrhyl (Rt3-hydroxypenrmre IC. N KOH (69ml) 
was added dropwtse over I I min to a stirred and co&d 
(ice-salt bath) soln of purr 14) (20.6 g) tn THF-MeOH (I: I, 
252 ml). The soltt turned deep-red. The stirring was con- 

ttnucd for 50 min at - IO - - 15’. The mixture was diluted 
with sat NaHCO,aq (I94ml). The white solid was filtered 
ofi and the filtrate was cxtrastcd with CH,Cl,. The CH,Cl, 
soln was dried (Na,SO3 and concentrated in uucuo. The 
rcsduc was dtsttllad to &c 7.5 g (WA) of pure Ma. b.p. 
75 - 8O.R :21 mm: tt?? 1.4224: la)?? - 37.8- Ic - 1.30. 

CHCI,): kLC (~ol&t, PEG .2Ohy2rn Y 4mm at 83’; 
Carrier gas. N,. I kg/attz): R, 14.4 min (99.10/,). The wtral 
data were identical with those reported before.*’ The optical 
purity of Ma was proved to bc IWL by analydng 14d by 
HP1.C as reported In Ref. 27. 

Mrrhyl (R)_3-rr:rclhy~opyrMyloxyprnrmtocrrc 1C. PFTS 
( I .4 g) was added to a stirred soln of optically purr I4a (7.50 
g) and dihydropyran (7.7 ml) in dry CHfl, (75 ml). The 
sttmng was conttnued for 3 hr at room temp. The mixture 
was diluted wtth ether, washed with sat NaHCO, aq and 
brine. dried (MgSG,-Naa,) and concentrated IR vucuo. 
The midue was distilled in the presence of a trace amount 
of K,CO, to give Il.8 g (%%) of I4c. b.p. IO1 - 102”/7 
mm: t$ I .4426: [a]$” - I I .8” (c - I. 17. CHCl,): v,,,., 1747 
(s). 1025 (I) cm-‘; b (CCL) 0.88 and 0.92 (total 3H. each t. 
J - 7 Hz). I I5 - 1.95 (BH. m). 2.10 - 2.60 (2H. m). 3.55 
(3H.s). 3.10 - 4.10(3H.m).4.53(lH.br. s):GLC(Column. 
PEG 20M. 2 m X 4 mm at l4W; Carrkr gas. NI. 0 8 kg/ 
cm’): R, 10.3 min (89.7%). 6.0 min (7.4’6). 7.1 min (2.2%). 
(Foittd: C. 61.26; ii. 9.2i. Cak forC,:H_&.: C. 61109: i. 
9.3270.) 

(R)-I.~-P~Iuw&o/ 3-THP ether (R)-I&. A soln of 14c 
(I I.5 g) in dry ether (40 ml) was ad&d dropwise to a stirml 
and cooled (ICX-salt bath) suspension of LAH (4.0 9) in ether 
(122ml)at -8- - 6”. The mixture was stirred overnight at 
room temp. Excxu LAH was datroyal by sucoes~ ‘ve addi- 
tion of H?O (4 ml), IQ, NaOHaq (4 ml) and H,O (I2 ml) 
to the st~rrcd and ice-cooled mixture. Then THF (90 ml) was 
added to the mixture and the stirring was continual for 
further I hr. The mixture was filtered by suction. The 
filtercake was washed thoroughly mth THF The combtncd 
filtrate and washtngs were dried (MgSG,-K&O,) and con- 
centrated VI tv~ocuo. The mu!ue was distilled in the pmncc 
of a trace amount of K,CO, to gve IO I 8 (quantitatlvc) of 
(RF1.k. b.p. 85 - I03 /4 mm. A portion of it was ralistilld 

be ananalyitcal sample. b.6 102”/4 mm; tt:’ 1.4544; ;I3 14.a” (c L 1.14. CHClr). (Found: C. 63.40: H. 10.75. . _.~ 
Cak for C,df-&,: C. 63.79; b, .10.7 I%.) The spectral data 
were identical wth those described earlirr in this paper. This 
was converted to (Rbl-tod*3-pentanol THP ether (RF5 as 
derribcd earlier in this paper. 

(R~l.3-fe~runPdtd I-hw:)%3-TiiP dttv 15. A s&t of 
(R~IJr(l0.lg)indryTHF(47ml)wasaddaldropwiseto 
a stlrred suspenston of NaH (50%. 4 2 g) in dry THF (76 ml) 

at room temp. T?tc mixture was sWred and heatal under 
rcflux for I hr. A soln of PbCH,Cl (8.6ml) in dry THF 
(2Sml) was added dropwise to the stirrsd mixture under 
reflux. The stirring was contittuad for 3.5 hr at reflttx temp. 
The mixture was that pourzd into ia-water and cottam- 
trated in WNO to remove THF. The residue was saturated 
with NaCl and extracted with ember. The ether soIn was 
wahsed with H,O. sat NaHCO,aq and bnac. dried 
(MgSO,-K&O,) and conceatnta! In cucw. The residual 
yellow oil (19.9 g) was dtromatograpbai over 50, (Merck 
Kksclgcl 60. l5Og). Elttcron with n-hcxanc+EtOAc 
(30:1+10~1~5:1)gave16.4gofattoil.Tltiswasdistilkd 
in the pmemx of a tracz amount of K&O, to gtve 14.06 
(94Yd of 15. b.p. I I5 - 127”/0.25 mm. A portion of it was 

redistilled to gtvc an analyrtal sample. b.p. I2 I - I23”/0.25 
mm; nf 1.4939: (a]; - 19.2” (c = 1.59. CHCl,); I_ I I20 
(5). 1080 (s). I030 (I). loo0 (s) cm-‘; d (CCI,) 0.84 and 0.90 
(total 3H. each I. J = 7 Hz). I.13 - 1.97 (IOH. m). 3.05 

-3.99 (5H. m). 4.37 (2H. I). 4.35 - 4.68 (IH. br). 7.18 
(JH. s); GLC’ (Column. PE6 20M. 2 m X 4.mm at’ 180’: 
Carrier gas. Nz, 1.2 kg/cm’): R, 17.5 mtn (98.8%). (Found: 
C. 73.26; H. 9.29. Cak for C,,HnO,: C. 73.34; H. 9.41‘%,). 

(R)_l.3-Penrcvudio/ I-&nzyl trkr (RFIJL. p-TsOH+~,O 
(MO mg) was added to a stintd soln of l3g (14.Og) tn 

MeOH (2OOml). The stirring was continued overnight at 
room temp. The sdn was neutralized with NaHCO, (2.0 g) 
and concetttratcd in cucuo. The residue was dtluted with 
ether and filtered. The ftltratc was dried (MgSO,) and 
concetttratcd in WUUO. The residue was purified by SiO, 
chromatography (Merck Kicselfi 60. 3oog). Ehttlon wtth 
n-hcxanc_EtOAc (30: I + IO: I-5: I) gave 9.Og of an 011. 
This wad distilkd to give 8.8g (9t&) of Ia b.p. 
IO1 - lO7‘,!3 mm. A portion of it was redistilled to give an 
analytical sampk. b.p. I06 - 107’/3mm; tt:,’ 1.3001; 

[xg + 8.88 (c = 1.07. CHCl,); v_ )485 (m). I l&l (5). 740 
(s). 700 (s) cm ‘; 6 (Ccl,) 0.87 (3H. I. J - 6 Hz), I.10 - 1.84 

(4H.m). 2 u) (1H.s). 3.51 (2H. t. J = 6Hz). 3.30 - 3.80 
(IH. m), 4.38 (2H. s). 7.16 (SH, s); GLC (Column. PEG 
2OM. 2 m x 4 mm at 166’; Carrier uas. N,. I.2 k&m’): R. 
IO.1 min (99.7’Q MS: m/z 194 (M’). l7b (M’ r ISi, 91’ 
(PhCHz’). 

(S)- I .3- Pmlancdiol I -henzyl rrkr 3_0’5’-&nirro)ben:wre 
131. (R)-13b (W.Rg). Ph,P (23.7g) and 3.5dinitrobenzok 
acid (19.1 g) wcrc dissolved in dry THF (197 ml). To this 
soln was addal a soln of EtO,CN=NCO,Et (I 3.9 ml) in dry 
THF (70 ml) with stirring and cooling (~ccsalt bath). After 
the addition, the mixture was stirred overnight at room 

temp. It was then concentrated in coruo. The residue was 
chromatographcd over SiO, (Merck Kiesclgel 60. 700g). 

Elution with C&H,-EtOAc (30: I) gave crude IJi. which was 
rechromatographcd over SiO,(Merck Kieselgel 60. 700g). 

Elution wtth n-hcxancEtOAc (3O~I+25~I+20: I) gave 
17.6 g of 13l as crystals. A portion of it was razrystallizzd 

from ether-n-hcxanc (I : 5) to gtve pure 1Ji as yellow rods, 
m.p. 58.8 - 59.W: [ag + 22.7’ (c = 0.91, CHCI,): Y_ 1730 

(s). 1640 (m). 1605 (w). 1545 (s). 1350 (s). 1290 (s), I I75 (s). 
730 ($1. 7m 0) em ‘; 6 (CCl,) 0.99 (3H. I, J = 7 Hz). 

I.40 - 2.23 (4H, m), 3.53 (2H. I. J - 6 Hz). 4.27 (2H. s), 5.27 
(IH. tt. J = 6Hr). 7.01 (SH. s). 8.84 (2H. d. J = 2 Hz). 8.95 

(IH. d. J = 2 Hz). (Found: C. 59.19; H. 5.33; N, 7.22. Cak 
for C,Ji,O,N,: C. 58.76; H. 5.1% N. 7.21%.) 

(S)-l.3-f~1ranedtd I-hrnzyl crlwr (S)-13b. N-KOHaq 
(80 ml) was added dropwise over 20 min to a stirral arxl 
cooled (i-salt bath) soln of I3l (I 7.6 g) in THF-W”/, EtOH 
(I I, I84 ml). Tbc color of the soln turned red immaiiatcly 
and then changed to dark ml and finally to dark viokt. The 
stirring was continued for I hr under ice-salt cooling. Then 
sat NaHCO,aq (I40 ml) was added to the soln and the white 
prapltate were removed by filtration. The filtrate was 
conccntratal in t- to remove THF. The residue was 
extracted with CH,Cl:. The CH,C& soln was dried (MgSOJ 
and concztttratal in wcyo. The due was disttlkd to give 
g.2g 194’4 from (RtlJl] of (SkIa b.p. 10s - Il6’14mm. 
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A porlion of it was rcdistilkd to give an analytical sampk. 
b.p. I 14 - I IS”/4 mm; a% 1.4999; [zg - 9.08’ (c - 0.76. 
CiWZl,); GLC (Column. PEG 2OM. 2m x 4mm at 169”; 
Carrier gas, N,. I.0 k&an*): R, 13.6min (98.80/&l. The IR, 
NMR and MS data of (SblJI were identical wiwitb lhosc of 
(Rhl= 

(S)_l.3-Ptwan~1drd I-&-&. 3-TIIP ether ($I*. PPTS 
(I.1 g) was added IO a stiti soln of (S>13b (8.2 g) and 
dihydropymn (5.8 ml) in dry CH,Cl~ (56 ml). A&r nining 
for 4 hr at room ttmp.. the mixture was diluted with ether, 
washed wi(h PI NaHCO, 4 and bin. drial (MgSO.-Km,) 
and conmwaai IR vacua. The residue was diailkd in the 
prcscna of a small amount of K#ZO, to give 12.0 8 (quan- 
titative) of (Sblh b.o. 90 - 131°/0.35 mm. A portion of 
it was &is&d to gibe an analyrical sampk. b.p. i 30”/0.35 
mm; ng 1.4934; [a]g + 19.7’ (c - I.%. CHCl,): MS: 
m/r 278 (M’), 91 (PhCH,‘): GLC (Column. PEG 20M. 2 m 
X 4 mm 111 185’; Carrier gu N,, I.0 kg/cm’): R, 23.6 mm 
(97.5%). IU IR and NMR spcc~ra were idcntkal with Wsc 
of (Rh13g. 

(S)-l.3-Pcnronrdiol 3-THP ether (S)-13~. loo/, WC 
(5.28) and NaHCO, (96Omg) were added IO a soln of 
(S>lJI (12.0 a) in 99% EtOH (I94 ml) and the mixture was 
shaken under H, (arm press) wil oozasiooal bcaling at 
40- 50’. After 24 hr. (Sb13g disaappearsd as checkad by 
TLC. The catalysl was ranovcxl by filtration and the Altrate 
was cxmxnlrald m cwcuo lo give 8.4 8 of an oil. This was 
chrornalographcd over SiO, (Merck Kicsclgel 60. 2508). 
Elutlon with n-hcxan+EtOAc (I 5: I +5: I) &ave 7.4 8 of an 
011. Thus was drstillal in the prcscncz of a trace amount of 
K,CO, IO in 7. I g (90%) of (S)-13~. b.p. 8? - 102”/3 mm. 
A portion of it was ratistilkd to give an analytic01 sampk. 
b.p. IO1 ;3 mm. ng 1.4514; [a]: + 27.0- (c = 1.10, CHCl,); 
GLC (Column. PEG 2OM. 2 m x 4 mm at 162”; Carrier gar, 
N,, 0.9 kgicm*): R, 7.8min (56.3%). 10.3rnm (42.0%). 
(Found: C, 63.27; H. 10.80. Calc for C,,H,O,: C. 63.79; H. 
10.71*,.) IU IR and NMR spectra were identical with 
those of a ample prepared from (Stmalic acid. (Sbl3c 
was converted inIo (S)-5 via (SblJd in 61.4’% overall 
yield. 

(4R,5’S)-2-(5’-ti~~ox~-l’-ox~pryl~~nf~~~ THP 
rrkr 3. A soln of (R)-4 (2.79 g) in dry THF (6ml) was 
added dropwisc IO a suspension of NaH (so%, I. I3 8) in dry 
THF (9 ml) and drv HMPA (ISmU with stirring and 
cooling (ice-salt bathj at - I2 - b u&r Ar. The &ion 
~cmp was raked gradually IO 25 - ZR’ and kept at 25 - 28’ 
for IO min. A soln of n-BuLI m n-hexanc (1.5 N, I5 ml) was 
addal dropwisc to the stirred and cookd mixture at 
- I5 * 0’. The rcacIion tcmp was again raised gradually IO 
23’ and kept at 23” for IO min IO complete the formation of 
the dianion. To this red-orange soln was addal dropvnse a 
soln of (S)-5 (3.9g) in dry THF (5ml) with stirring and 
cooling al - I5 - .. 4’. At ~hc end of the addilion. the color 
of the wln turned from red IO orange. The sIimng was 
continued for 30 min at - I5 - -4’. Then the reaction 
temp was raised grsdually lo rOOm temp and the stirring was 
continued for 3 hr. The mixture was neu~ralizcd by addllion 
of u)Q AcOH 4 under cooling II was then diluted with HzO 
and extmc~cd with C,H,. The C,H, soln was washed with 
HP and brine. dried (NalSO,) and conantratcd III WCIIO 
lo give 6 8 of an oil. This was chromalographcd over S102 
(Merck Kicsclpl 60. I20 g). Elurlon with tir gave 3.7 g 
(Soa) of (4R.5W3. pry, 1765 (I). 1720 (I), 1650 (w). I I75 
(5). II20 (I). 1075 (I). I030 (5). 1025 (s). 995 (I) cm-‘; d 
(CDCl,) 0.65 - I.10 (3H. m). I.10 - 2.05 (I 5H. m). 2.05 
- 3.00 (4H. m). 3.15 - 4.20 (4H. m), 4.39 - 4.88 (2H. 
br. s). This was employed in the nexI step without funher 
purilica(lon. In ~hc same manner, (4R.J’ R>3 (4S.Y.W and 
(4S.5’ Rb3 were prcpamd. Their IR and NMR spectra were 
almost identical with those of (4.R.s’ S)-3. 

(2R.PSt2,eD~y&oxywrdCc~-S-oru 9-THP rrkr 2. A 
wln of KOH (1.78) In H,O (17ml) was addai IO a soln of 
(4R.S’S)-3 (3.7 g) in McOH (50 ml) under Ar. The soln was 
stirred and heated under rdlux overnight. II was then 

conantratal in LXICW. Tbc ruidw was saturated with NaCl 
and extracted with ether. Tbc ether sdn was dried (Nash,) 
and comzntraral in cucuo IO give 2.8 g (82%) of (2R,!jpSb2, 
v, 3430 (I). 1710 (s), I I30 6). 1075-(s). lb20 (s). 995 (a) 
cm ‘: 6 (CDCl,) 0.84 and 0.92 (total 3H. each I. J I 7 Hz). 
I.16 (3ti. d. JI6Hz). l.30-i.20 (l4& m). 2.20-2.i5 
(SH. m). 3.18-4.20 (4H. m). 4.64 (IH. br. s). This was 
anployed In the next step wthout furIbcr pwilkation. lo 
the same manner. (2R.9R)f. (zS,9S)_2 and (tr.9R)f were 
prcparal. Their IR and NMR spcc~ra were similar to those 
of (2 R,9Sb2. 

(ZR.~.7S~7-EthyI-2-nwthyl-;.6~xorpvol4.S]drcon 1. 
ZN-HCl (3 ml) was addal IO (ZR.PS)Z (2.8 e) under ica 
cooling with stirring at 0 - 5’. The &ion Kemp was raised 
gradually IO rOOm tcmp and the stirring was continued 
&cmight. Then the soIn-- made alkali& by the addition 
of 2.5N NaOH (3.2rnl). It was then cxtrac~ed wil II- 
pmtanc. The pe&nc &In was washed with brine, dried 
(MgSD,) and conca~tra~cd under atm pras. Tbc residue 
was chromatographcd over SiO, (Kksclgcl 60, 708). Elul- 
ion with n-pentanc ether (12: I) gave an oil, which was 
dlstilkd in &c prcsena of a small &ount of K&O, IO 8ivc 
826 mn (46W of (ZR.5S.7S)-l. b.o. 107 - 109’/47 mm. 
This w&rrdi&lkdto &e e &8df pure (2R.5S.7~~1. b.p. 
loo - 108”/49 mm; r$ 1.4421: [u]: - 97.5” (c - 1.18. n- 
penune); I, 2960 (s), 2945 (I). 2880 (s). 1460 (I). 1440 (I). 
I375 (s). I365 (m). I355 (sh). I330 (w). I3 I5 (m), I295 (w). 
1275 (ml, 1265 (m). 1225 (I). II62 (I). I I I5 (s), 1095 (s). 
1070 (5). 1060 (s). I040 (shl. 1025 (0. 1010 (sl, 975 (s). 940 
(5). 9 IO (m). 89~~(m). 875 (r), 865 (;). 840 (i). 815 (m). 790 
(w) 745 (w) cm”; d (C,De) 0.92 (3H. L J - 7 Hz). I.25 (3H, 
d. J = 6 Hz). 1.33 - 2.37 (l2H. m). 3.50 - 4.47 (2H. m): 
“C-NMR b (25 MHz in C&4) 10.4. 20.9. 23.5, 29.8. 31.3. 
32.4, 34.2. 39.8, 71.2. 76.6. 105.9 (lit.* for ti racema& d 
10.4.21.0.23.5, 29.9. 31.4. 32.4, 34.4. 39.3.71.4.76.7. 106.1); 
GLC (Cdumn 5% PEG 2OM. 2 m X 4 mm aI 100’; Carrier 
8a.s. Nl. 0.6 kg/cm*): R, 3.9 min 14%. (2 S,SS,7Sbl] 4.6 min 
l92W MS (JEOL DX-UW). El. 7OeV): m/z 184.1475 (M’) 
&lc for C, Ii&j: 184.1464. 

(2R.SR.7R) - 7 -E~hyl-2-mc~hyl-l,6dioxarp~o[4.~canc 
1. In the same manner as described above. (2R,9Rb2 (7.Og) 
ylcldai 3.01 g 167% from (4R,YR)-3 of (2R.SR.7R)-1. b.p. 
I05 - 107”/40 mm; n;’ 1.4424: [u] ’ + 78.4” (c - 1.26. n- t 
pentam); v, 2960 (5). 2945 (s). 2880 (s). 1460 (s), 1440 (5). 
I380 (5). I365 (m). 1350 (m), 1305 (m), 1275 (m). 1260 (w), 
I225 (5). II63 (s). Ill5 (s). 10% (sh). 1075 (s), 1040 (sh), 
1025 (5). 1010 (s). 975 (s), 940 (s), 910 (w). 890 (m). 875 (I). 
865 (5). 840 (w), 800 (w). 745 (w) an ‘; 6 (C,Dd 0.91 (3H. 
I. J=7Hz). l.l5(3H. d. J=6Hz). l.25-2.35(12H. m). 
3.40- 3.96 (IH. m). 3.%-4.45 (lH. m); 1%NMR d 
(25 MHz. C,D,) 10.2, 20.9, 21.4, 29.6, 31.0. 31.9. 34.2, 38.4, 
71.5. 73.6, 106.1 (Lt.* for &c racanatc: b 10.2. 20.9. 21.5, 
29.7. 31.0.32.0, 34.3. 38.5.71.6. 73.8. 106.1);GLC(Column, 
LAC. 2 m x 4 mm at lOO^; Carrier gas. N,. 0.8 k@nq: R, 
5 95 min (95%). 7.3 min 13.20,;. (ZR.SR.7Rbll; MS: m/z 
184.1465 (M’); Calc for C,,H,O,: 184.1464. 

(2S.5S.7S~7-E~hyi-2-mr~hyl-I.6-dioxarpuo[4.5~cmu 1. 
In the same manner as ducnbai abdvc (ZS.9Sbt (3.50) 
ytcldcd 962 mg 142.8% from (4U’Q3] of(2.S.5S.7S~l. b.p. 
II8 c 122‘:73mm; ng 1.4424; lx&‘- 76.1” (c I 1.27. n- 
pcntanc); iiLC (Column, 5% PEG 2OM. 2 m Y 4 mm at W’; 
Carrier gas. N,. 0.8 k&;cm*). R, 9.4 min (%“/,). I I .4 min 137;. 
(2R.S.~,7S)-11, MS: m/z 184.1454 (M l ); Cak for C,,II,O,: 
184.1464. Its IR. ‘H-NMR and lC‘-NMR spectral data wcrc 
idcn~tc~l with those of (2R.SR.7Rbl. 

(~.SR.7R)-~rhyl-2-nurhyl-l.&droxPrpiro(4.5~c~ 1. 
In the sBmc manner as d&W above (2S.9Rb2 (12.38) 
yielded 6.158 (7Ho/) 2’ (2S.SR.7Rbl. b.p. 
lO7- IlO’: mm; nii 1.4424; [zg + 102” (c - 1.17, n- 
penlane): GLC (Column. LAC, 2 m x 4 nun at I lo”; Carrier 
gas. N,. 0.8 kgianz): R, 3.6mm 14.3%. (ZR.SR.7R>l). 
4.5min (94.Y,;); MS: m/s 184.1484 (M’); Calc for 
<:,,H,O,: 184.1464. Its IR. ‘H-NMR and “CC-NMR rpeara 
wcrc Klcnt~cal with those of (2R,5.%7S~l. 
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