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Abstract-Semcomm, the sex pheromone of Lus~odenna semcorne F, was syntheslsed m 7 6% overall yield 
startmgfrommethyl (R)-3-hydroxypentanoateofnucrolnal ongm Its(4R,6&7~lsomer wasalso synthesised 

Serricormn 1s the sex pheromone produced by the 
female cigarette beetle (Lusroderma xmcorne F), which 
IS a serious pest of cured tobacco leaves ’ The structure 
of semcornm was assigned to be (4S,6S,7S) - 7 - 
hydroxy - 4.6 - dimethyl- 3 - nonanone la 2 Two syn- 
theses of the natural and optically active serncomm 
were reported later, one startmg from an ammo acld3 
and the other starting from a sugar * These syntheses, 
however, were lengthy and not so effective in preparmg 
the quantity of semcomm required for blologcal 
study We report here a new and more effective syn- 
thesis of semcornm la 

The basic synthetic strategy for semcomm as shown 
m Fig. 1 IS the same as that employed previously 3 In 
our previous synthesls,3 the coupling of the two 
building blocks A and B was executed by Enders and 
Elchenauer’s method of asymmetnc alkylatlon of 
ketones ’ Although the method was qlute satisfactory 
with regard to the optical yield, it was not so effetive 
Hrlth regard to the chenucal yield ’ We therefore sought 
a simpler and more effinent method Incidentally we 
had a chance to prepare a stereolsomenc rmxture of ( f t 
7 - hydroxy - 4,6 - dimethyl- 3 - nonanone la according 
to themethodofOnoeta1 6TLCanalyslsofthemlxture 
as shown m Fig 2 revealed an interesting fact the 
mixture was readily separable mto three fractions, 
which were acetylated and analysed by GLC ‘A The 
least polar fraction was (4S*,6R8,7S*)-la, and the most 
polar fraction was (4R*,6S*,7S*)-la The broad spot 
between the least and the most polar fractions 
contamed (4S+,6S*,7S*)-la and (4R*,6R*,7S*tla $ It 

IS therefore possible to separate semcomm (4S,6S,7S)- 
la from Its (4R,6S,7S)-isomer A mixture of these two 

t Pheromone Synthesis, Part 66 Part 65, K Mon and M 
Ikunaka, Tetrahedron 40, 3471 (1984) This work was 
presented as a part of K M’s lecture at the Institut fiir 
Orgamsche Chemle und Bmchemle. Umversitit Hamburg 
(October 25, 1983) The expenmental part of this work was 
taken from the forthcoming M Sc The.s~ of H W (March 
1985) 

$ As shown m Fig. 2, the opcn-cham forms la are m 
eqmhbnum with the henuacetal forms la’, the latter bemg less 
polar than the former The stereolsomer with a large R, value 
1s the one with the tendency to easily cychse lo la’ This 
explanation was supported by the NMR study of la as 
de-bed later m tins paper Chromatographlc separation of 
the stereolsomers of semcormn was also observed by Dr T 
Chuman and Mr M Mon of the Japan Tobacco and salt 
Pubhc Corporation A detruled account of the separation 
expenment wdl be rqorted by them m due course 
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Fig. 1 Retrosynthetlc analysis of semcornm 

isomers wtll be the product of the alkylation of dlethyl 
ketone B Hrlth the optically pure alkylatmg agent A 
This means that we can avoid the Enders and 
Elchenauer’s process5 to improve the chenucal yield and 
that we can prepare optically pure(4R,6S,75’)-la, which 
has not been synthesised or bioassayed We were also 
fortunate m that when we planned the synthesis methyl 
(R)-3-hydroxypentanoate 3a became accessible by 
mlcroblal jl-oxldatlon of pentanolc acid 2 by Candada 
rugosa IF0 0750 followed by methylahon 7 By 
employmg 3a as our starting matenal we could shorten 
considerably the synthetic route and actually obtamed 
(4S,6S,7S)-la m 7 6% peld from3a, m contrast unth the 
overall yield of < 1% by the prenous method 3 

Our synthetic route 1s shown m Fig 3 The optical 
punty of 3s kindly gven to us by Dr J Hasegawa 
(Kanegafuchl Chemxal Industnes Co Ltd ) was 930/ 
which could be enhanced to looo/, by recrystalhsmg the 
corresponding 3,Sdlmtrobenzoate 3b Hydrolysis of 
the punfied 3b wth KOH gave 34 whose optical punty 
was confirmed to be looo/, by the HPLC analysis of its 
z-methoxy-a-tnfluoromethylphenylacetate (MTPA 
ester)* 3e It was later found, however, that an advanced 
mtermdate 6a was crystalline and could be readdy 
punfied We therefore employed 3a (93% e e ) as 

Fig 2 TLC separation of the stereoisomers of semcornm 
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Fig 3 Synthesis of semcomm 

received from Dr Hasegawa. Alkylatlon of a dlamon 
denved from 3n according to Frater’ afforded 4a (OR 
and Me in anti-onentahon) as the major product 
contaminated Hrlth a small amount of 3n and the syn- 
isomer of 4a (3a 4a the syn-isomer = 8 83 9) This 
nuxture was treated wth hhydropyran m the presence 
of PPTS to gve a mixture of THP ethers 
Chromatographlc punficatlon of the mixture removed 
the THP ether of 3a @vmg 4b contammated wth a 
small amount of its syn-isomer m 61% peld from 3a 
Reduction of 4b with LAH yielded 5a, whose 
benzylation gave 5b in satisfactory yield Treatment of 
5bHrlthO 2%TsOHmMeOHafforded5cm92 4%yleld 
from 4b The (3R)-alcohol% was submitted to Walden 
mverslon under the Mltsunobu condition lo Thus Se 
was treated wth Ph,P, 3,Sdmltrobenzolc acid and 
EtO,CN=NCO,Et mTHF to e;lvefia, m p 65 9-66 2”, 
m 42% yield after repeated recrystalhsatlon The use of 

t The specific rotation of semcomm acetate (4S,6S,7S)-lb 
was reported to be - 17 7” (a sample denved from natural 
semcornin),3 - 16 7” (a synthetic mater@ and - 19 67” (a 
synthetic material) 4 As we ngorously checked the punty of the 
present matenal by both GLC and NMR analyses, the value 
reported here (- 18 2”) should be taken as the correct one As 
lo the spe&ic rotation of(4R,6&7S)-lb, the ddTerence between 
the value ([a];‘+ 36 75” (c = 0 33, n-hexane)) previously 
reported for (4S,6R,7R)-lb* and our value of([z]k’ ’ - 6 2” (c 
= 0 88 n-hexane)) was so large that we carned out the 
followmg expe.nment to confinn that our value was correct 
Equdlbration at C-4 of serncornm acetate denved from the 
natural pheromone was reported to gve a stereolsomenc 
nnxture at C-4, (4RS,6S,7S)-lb, [a]::- 13 8” (c = 0 08, 
MeOH), whose GLC analysis showed It lo be a 47 6 52 4 
mixture of (4S,6S,7S)-lb and (4R,6S,7slb 13C-NMR 
spectral analysis of the mixture suggested the ratlo of about 
43 5 56 5 By measunng the specific rotation of MeOH solns 
of the present samples of (4S,6S,7S)lb and (4R,6S,7S)-lb, we 
could calculate the [a],, value of the eqmhbratlon mixture of 
these two isomers The [a]o values of (4S,6S,7plb and 
(4R,6S,7S)-1 b were - 23 5” (c = 0 09, MeOH) and - 7 0” (c 
= 0 17, McOH), respectively The calculated value for the 
spenfic rotation of the equdlbratlon nuxture was - 14 2 to 
- 14 9”, which was m agreement \sllth the observed value of 
- 13 8” We therefore became confident of our value, [a];’ ’ 
-6 2” (n-hexane), for the specific rotation of (4R,6S,7Sklb 

3,5-dmitrobenzolc acid instead of benzolc acid m the 
ongmal procedure” is very effective, because 3,5- 
dmltrobenzoates ofalcohols are usually crystalhne and 
can be punfied by recrystalhsatlon Another ment of 
using 3,5dmltrobenzos acid 1s that the course of the 
reaction can be followed by observmg the colour of the 
reaction mixture, which turns from yellow to yellowish 
green, blue, blue-violet, red and finally to yellow when 
the reaction 1s complete No colour change could be 
observed when benzolc aad was employed By 
recrystalhsmg 6a, both the chemical and the optical 
puntles of6a were improved The “C-NMR spectrum 
of the punfied 6a indicated no contamination of the 
antt-isomer sd (m p &t-85”), which was prepared by 
treating 5c with 3,Sdnutrobenzolc acid and DCC 
Sapomficatlonof6aHrlth KOHaqgave6b,whoseGLC 
analysis showed Its chemical punty to be looO/, The 
optical purity of 6b was confirmed to be looo/, by the 
HPLC analysis of the corresponding MTPA ester 6c 
Sdylatlon of 6b with t-butyldlmethylalyl chloride gave 
7a ” I3 which was hydrogenohsed over Pd-C to @ve 
7b: [z];’ J - 3 5” (CHCl,) @It I1 [a];‘- 2 6” (CHCI,)] 
The corresponding tosylate 7c was treated with NaI m 
the presence of NaHCO, to gve 7d, [~r]$~ + 15 6” 
(CHCI,) In their syntheses of (4RS,6&7S)-serncormn, 
Hoffmann et al ” and Baker and Devhn13 reported the 
specific rotation of 7d to be + 11 7” (CHCl,) and 
+ 11 8” (CHCI,), respectively Evidently their samples 
of 7d were not optically pure 

Now that the required alkylatmg agent 7d was 
secured, we proceeded to the next step Alkylatlon of 
dlethyl ketone wth Id m the presence of LDA gave 8 m 
go”/, yield GLC analysis of 8 revealed it to be a 3 4 
mixture of(4R,6S,7S)-8 and (4S,6S,7s)-8 Deprotection 
of 8 by treatment with AcOH aq-THF gave a mixture 
of (4$6S,7S)-la and Its (4R,6S,7S)-isomer wthout any 
formation of anhydroserncomm The mixture was 
chromatographed over SrO, and elutlon Hrlth n- 
pe.ntane-e.ther (15 1) gave pure serncomm (4S,6S,7s)- 
la m 7 6% overall yield from 3a Pure(4R,6$7S)-la was 
also obtained by elutlon wth n-pentane-ether (2 1) 
m 6 5% overall yield from 3a Serncomm and 
its (4R,6S,7Skaomer were acetylated and purified 
by chromatography and dishllatlon to @ve pure 
serrlcormn acetate (4S,6S,7S)-lb, [a];’ ’ - 18 2” (n- 
hexane), and its (4R,6S,7S)-isomer, [alA ’ -6 2” (n- 
hexane) 7 The spectral (IR, ‘H-NMR, 13C-NMR) as 
well as GLC data of our synthetic serncomm acetate 
(4S,6S,7S)-lb were Identical with those of the acetate 
denved from the natural pheromone ’ 3 4 The overall 
yield of (4S,6S,7S)-1 b from 3a attamed by the present 
synthesis was 5 9% m 14 steps, accompanied Hrlth 5 5% 
overall yield of (4R,6S,7S)-lb as a by-product 

There now follows a brief discussion on the 
equlhbnum among the acyclic and cychc forms of 
serncomm and its (4R,6S,7S)-isomer Figure 4 shows 
the free energy differences among various forms of 
(4S,6S,7S)-la and (4R,6&7S)-la In our argument the 
most stable hemlacetal form la’ of (4S,6R,7S) - 7 - 
hydroxy - 4,6 - dlmethyl- 3 - nonanone with all of the 
four alkyl substituents m eq onentatlon was taken as 
standard and was gven an arbitrary free energy value of 
0 kcal/mol Conformatlonal energes (- AG” , kcal/mol 
at room temp (ca 23”)) used for the calculation were as 
follows Anomerlc effect 14 kcal mol,14-‘6 OH 0 7 
kcal/mol ,” Me 17 kcal/mol, ” Et 18 kcal/mol,” 
1 $didxial mteraction of two Me’s 5 5 kcal/mol I7 The 
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(4S6R?S)-l_a Methyl (R)-3-hydroxypentanoate 3a 

FIN 4 Free energy dlfferenczs among various acyhc and cychc 
Isomers of (4S,6&7S)-serncomm and its (4R,RS,7Qlsomer 

To a stirred and ~ce-coolexl soln of 3b (35 0 g, 107 mmol) m 
THF-MeOH (1 I, 440 ml) was added dropwtse N KOH aq 
(113 ml, 113 mmol) for a per& of 20 mm After the addluon, 
the dark violet mixture was stirred for 30 mm at 0” The 
mixture was diluted wth satd NaHCO, soln (330 ml) and 
extracted with CH,Cl, The extract was washed with water 
and brme, dned (MgSO,) and concentrated In oacuo The 
residue was dlstllled to gve 12 8 g (WA) of 3s. b p 78-82”/25 
mm, nk* 14204, [a];’ - 36 9” (c = 1 31, CHCI,) The IR and 
NMRspectraofthepunliedJ1wereldenWaJ with thoseofthe 
starting 3a with 93% e e Both the punEed and the startmg 3a 
were converted to the correspondmg (R)-MTPA ester” and 
analysed by HPLC (column, Partlsll 5, 25 cm x 4 6 mm, 
solvent, n-hexancTHF-MeOH (6C00 100 I), press, 30 
kg/cm*, detector, SPD-1, 217 nm) R, (before punficatlon) 
48 5 mm (96 5%). 55 2 mm (3 5%). R, (after punficatlon) 49 6 
mm (single peak) The optical puntles of these matenals are 
therefore 93% and loo”/, e e , respectively 

calculated free energy differences among the cychc 
hemlacetal forms indicate that only the hemlacetal 
form la’ of the natural (4S,6S,7S)-serncormn may exist 
favourably underequlhbnum conditions on the basis of 
the well-known relationship between AC” and the 
equhbrlum constant K AC” = -RTln K Actually 
our observation by the NMR measurement of 
(4S,6S,7S)-serrlcornm indicated that the ratio of the 
acyclic (4S,6S,7S)-la to the cychc la’ IS 1 2 8 at 23”, 
since the signal due to C,-H appeared at 6 3 17 (0 26H) 
and 6 3 82 (0 74H), the former being due to (4S,6S,7Sb 
la, the latter being due to its hermacetal form la’ This 
ratio enabled us to calculate the free energy difference 
between (4S,6S,7S)-la and its cychc form la’ wth an ax 
OH at anomerlc C to be 0 6 kcal/mol, and we concluded 
that (4S,6S,7!+la IS 1 5 kcal/mol less stable than the 
most stable cychc form (4S,6R,7S)-la’ We then 
assumed the acyclic form (4R,6S,7plr to be of the 
same free energy level as that of (4S,6S,7S)-la (1 5 
kcal/mol) This demands that (4R,6S,7$lsomer of 
semcornm exists solely in the acyclic form Its NMR 
measurement supported the predlctlon and only those 
signals due to the open-cham form (4R,6S,7C+la were 
observed As mentioned earlier, this difference between 
then ease of hemlacetal formation was the reason why 
the separation of (4S,6S,7S)-la from rts (4R,6S,7S)- 
isomer was possible by chromatography 

In conclusion we completed a new and more efficient 
synthesis of (4S,6S,7S)-serncornm, the cigarette beetle 
pheromone, startmg from methyl (R)-3-hydroxy- 
pentanoate of mlcroblal orlgm 

EXPERIMENTAL 

All mps and bps were uncorrected IR spectra were 
measured as lilm or as NUJO~ mull on a Jasco A-102 
spectrometer NMR spectra were recorded at 60 MHz wnh 
TMS as an internal standard on a Hltaciu R-24Aspa?rometer 
unless othermse stated Optical rotations were m&ued on a 
Jasco DIP-140 automatic polanmeter HPLC analyses were 
performed on a Shlmadzu-LC-2 chromatograph _ 

Methyl (R~3-(3’,S_dlnrbobenzoyloxy)pentMoafe 3b 
3,5_Dnutrobcnzonz acid (60 6 g, 286 mmol) was added to a 

stlrred and ice-cooled soln of 1(93x e e ,25 0 g, 189 mmol), 

N,Ndlcyclohexylcarbodmmde (DCC, 47 3 g, 230 mmol) and 
4-(N,Ndlmethylammo)yndme @MAP, 189 g, 15 5 mmol) 
mCH,C1,(38Oml) Theice-bathwasremovedandthenuxture 
was shrred for 3 hr at room temp To the stured mixture was 
added n-pentane (100 ml) and the stimng was contmued for 5 
mm at room temp The mixture was filtered and the residue 
waswashed~thCH,Cl, Tbecombmedtiltrateand washmgs 
wereconcentratedmmcuoto~veacrudeproduct(lOOg) Thus 
was pun&d by chromatography over Merck Kleselgel60 to 
gve 64 g of the-product R&ry%lhsatlon of it from n-hexane- 
ether (7 3.1500 ml) Pave 53 4 P (86 5%) of 3b Thn was further 
recry&ll&ed sever’itnnes toive 3i% g (72% recovery) of 3b 
as pale yellow needles, m p 64 O-65 0” , [a];‘- 9 6” (c = 2 64, 
CHCl,) > v-x 3180 (w), 1740 (sh), 1738 (s), 1625 (m), 1555 (s), 
1340 (s), 1295 (s), 1180 (s), 720 (s) cm- ’ , S (Ccl,) 103 (3H, t, J 
= 8 Hz), 186 (2H, dq, J = 7 and 8 Hz), 2 71(2H, d, J = 7 Hz), 
3 64 (3H, s), 5 41 (lH, dd, J = 7 and 7 Hz), 9 00-9 30 (3H, m) 
(Calc for C,,H ,40sN2 C. 47 85, H, 4 33, N, 8 59 Found C, 
4778,H,437,N,8540/,) 

Methyl (2R,3R)-3-hydroxy-2-meihylpentatwate 4a 
A soln of LDA was prepared by the dropwlse addltlon of n- 

BuLl soln (1 54 N m nlheiane, 147 ml, 226 mmol) to a stirred 
and -Ied soln of Pr\NH (22 9 g = 317 ml, 227 mmol) m dry 
THF(70ml)at - 1Oto -5”underAr Themlxturewasshrred 
for 30 mm at - 10 to - 5” To the stirred and cooled (- 60”) 
soln of LDA was added dropwrlse a soln of 3a (93X e e .15 0 g 
I13 mmol) m dry THF (40 ml) at - 60 to - 3k The mlxt& 
was stm-ed for 45 mm at - 10 to - 5” To the tirred and cooled 
(- 40”) mixture was added dropwlae a soln of Me1 (16 1 g, 113 
mmol) m HMPA (34 ml) at -40 to -30” The stimng was 
continued for 45 mm after the addition with a gradual me of 
the reactlon temp to room temp The mixture was quenched 
wlthsatdNH,ClatW,andextractedwlthether Theethersoln 
was washed wth bnne and filtered through a column of SIO, 
(Merck K~eselgel60,100 g) The filtrate was concentrated m 
vacua to @ve a residue (40 g) This was chromatographed over 
SlO, (Merck Kleselgel60) The crude 4a was dlstdled to @ve 
125g(75%)of4a,bp 8~89”/20nm1,n~~l4259,[~]~-135” 
(c = 1 02, CHCI,), v, 3450(m), 1720(s), 1195(m), 1170(m), 
975(m)cn-‘,GLC(column,OV-101,4Om x025 mm at 90 
+ l’/mm. tamer was, N,, 0 5 ml/mm) R. 24 8 mm (3s. 8%. 
30 9mm (&, 83x):3),323 &n (syn-;som;r oi4a, Y/,), h;rSidci 
M&Cl) m/z147(M++1,1000/,),129(M’+1-18,66x) 115 
(M+-31. 40%), 88 (M++l-18-31, 13%) This was 
employed m the next step without further punficatlon 

Methyl (2R,3R)-2-methyl-3-tetrahydropyranyloxypenfww- 
ate 4b 

To a stirred soln of 4a (12 3 g, 84 mmol) and dlhydropyran 
(127g,151mmol)mdryCH,C12(120ml)wasaddedPPTS(2.3 
g) The shmng was contmued for 2 hr at room temp The 
mixture was poured mto satd NaHCO, soln and extracted 
urlth ether The ether soln was washed with water and bnne, 
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dned (MgSO.,) and concentrated in uacuo The residue (26 g) 
was chromatographed over LO, (Merck Kieselgel 60) to 
remove the THP ether of 3a The crude 4b was&stiled to gve 
15 7 g (61% from 3a) of 4b, b p 98-102”/5 mm, nkz 14430, 
[a]:‘-23 9” (c = 1 15, CHCl,), v, 1725 (s), 1260(m), 1200 
(s), 1170(s), 1120(s), 1080(s), 103O(sh), 1025(~),995(s)cm-’ ,6 
(Ccl,) 0 % and 102 (total 3H, each t, J = 7 Hz), 108 (3H, d, J 
=7Hz),12&200(8H,br),263(1H,dq,J=7and7Hz),360 
(3H,s),320400(3H,m),458(1H,br) (CalcforC,,HZIO, C, 
6258,H,963 Found C,6259,H,967%) 

(2S,3R) - 2 - Methyl - 3 - tetrahydropyranyloxy - 1 - pentanol Sn 
Asolnof4b(lS 6g,67 7mmol)mdryether(5Oml)wasadded 

dropwtse to a stu-red suspension of LAH (3 Og, 79 mmol)m dry 
ether (200 ml) under Ice-coohng. The rmxture was sttrred for 2 
hr at room temp It was then ~ce-cooled and the excess LAH 
was destroyed by the successive addition of water (3 ml), 4 N 
NaOH aq (3 ml) and water (9 ml) After stirnng for 1 hr at room 
temp, the mixture was filtered and the filter cake was washed 
with THF The combined filtrate and washmgs were 
concentrated m vacua The residue was distilled to gve 13 5 g 
(98 5%) of!!a, b p 91-95’/03 mm, ni” 14555, [a]$‘-94’ (c 
= 1 36, CHCI,), v_ 3470 (mh 1200 (m), 1170 (mh 1130 (s), 
1120(s),1075(s),1025(s),995(s)cm-’,G(CC1,)070-1 10(6H, 
m),120-210(9H,br),290(1H,br),3 10-420(5H,m),46O(lH, 
br) (CalcforC,,H,,O, C,65 31, H, 1096 Found C, 65 53, 
H, 1095%) 

(2S,3R)-2- Merhylpentane- 1,3 -droll -benzyl, 3- THP-ether 
sb 

To a stIrred suspension of 50% NaH (5 1 g, 106 mmol) m dry 
THF (93 ml) was added drop= a soln of Sa (13 5 g, 66 7 
mmol) m dry THF (68 ml) The rmxture was stirred and heated 
under reflux for 15 hr Subsequently a soln of PhCH,Cl (118 
g, 93 1 mmol) in dry THF (31 ml) was added dropwse and the 
nuxture was stirred and heated under retlux overnight After 
coohng, the mixture was poured mto Ice-water and 
concentrated m uacuo to remove THF The residue was 
extracted with ether The ether soln was washed wtth water, 
satd NaHCO, aq and bnne, dned (MgSO,) and concentrated 
UI uacuo The residue (25 9 g) was chromatographed over SIOl 
(Merck K1eselgel60) The crude product was dlstdled to gve 
183 g (938%) of Sb, bp 13&139”/023 mm, ni2’ 14923, 

‘* 5- 7 2” (c = 105 CHCI,) v,, 15OO(wX 1205(m),1115 
~s$080(s),1030(s),1&0(s).735~m),700(m)cm~~,~070-1 10 
(6H,m),120-1 80(8H,br),2OO(lH,m),3 10-400(5H,m),443 
(2H,s),451(1H,br),728(5H,s) (C&forC,sH,sO, C.7393, 
H, 9 65 Found C, 73 75, H, 9 65% ) 

(2S,3R) - 2 - Methylpentane - 1.3 - dlol 1 - benzyl ether Se 
TsOH(O5g)wasaddedtoasolnofSb(l83&626mmol)m 

MeOH (250 ml) The soln was stirred for 30 mm at room temp 
and neutrahsed by theaddition ofsatd NaHCOs aq(20ml) It 
was then concentrated tn uacuo to remove MeOH The residue 
was extracted with ether The ether soln was washed wth 
water and bnne dned (MgSO,) and concentrated In uacuo to 
eve 142 g of crude Sc This was dIstilled to @ve 13 1 g 
(quantitative) of pure 5c, b p 99-lW/O 28 mm. np ’ 14960, 
[~]~~‘+154”(c= I lO,C,H,),v,,3450(m),1495(~),1450 
(m), 1085(s),970(s),730(s),695(s)cm~’ ,6(CCI,)O 85(3H,d,J 
= 7Hz),O91(3H,t,J = 7Hz),l lO-200(3H,m),270(1H,d,J 
= 6 Hz), 3 10-3 60 (3H, m), 4 42 (2H s), 7 25 (5H, s) (Calc for 
C,,H,,02 C, 7496, H.968 Found C, 7462, H,969”/,) 

(2S,3R) - 3 -(3’,5’ - Dmltrobenzoyloxy) - 2 - methylpenran - I- 01 
benzyl ether Sd 

To a stIrred and ~ce-cooled soln of Se (4 0 g, 19 2 IIUIIO~), 
DCC(48g,23 3mmol)andDMAP(19Omg,156mmol)mdry 
CH,CI, 140 ml) was added 35-dnutrobenzolc and (6 2 g, 29 2 
mmbl) The n&u-c was stm& for 12 hr at room temp. d&ted 
with n-pentane (10 ml) and filtered The residue on the filter 
was washed with CH,Cl, (20 ml x 2) The combmed filtrate 
and washings were concentrated In vucuo The residue was 
chromatographed over SiO, (Merck Kleselgel60) to gve 7 8 g 

(quantitative) of sd This was repeatedly recrystalhsed from n- 
hexane-ether (5 1) to @ve 5 2 g (67% recovery) of pure sd as 
paleyellowrods,mp 84-85”,[a]~9 ‘-163”(c = 1 15,ether), 
~_.318O(w), 1737(s), 1645(m), 1550(s), 1465(s), 1355(s), 1290 
(~),1180(m),Illo(~j,l080(mj,9i5(~j,720(~~~00(mj~-~, 
d (CDCl,) 0 98 (3H, t, J = 7 Hz), I 05 (3H, d, J = 7 Hz), 15s 
250(3H,m),348(2H,d,J = 6Hz),439(2H,s),525(1H,dt,J 
= 7 and 7 Hz), 7 18 (5H, sh 9 00-9 20 (3H, m), ‘“C-NMR (25 
MHz) 6 (CDCL) 9 62 13 78.24 37.36 97.72 89.73 25.80 53. 
12198,1~739,-i275~,128C&,129~6,1ti50,1~810,i4854; 
162 37 (Calc for C20H220,N, C, 59 69, H, 5 51, N, 696 
Found C,5997,H,554,N,711%) 

(2S,3S) - 3 -(3’S’- Dmrtrobenzoybxy) - 2 - methylpentan - 1 - 01 
benzyl ether 6n 

To a stIrred and ~ce-cooled soln of 5c (9 0 g, 43 2 mmol), 
Ph,P (22 6 g, 86 3 mmol) and 3.5-duutrobenzoic acid (18 3 g, 
86 3 mmol) In dry THF (180 ml) was added dropwtse a soln of 
EtO,CN=NCO,Et (15 0 g, 86 2 mmol) m dry THF (65 ml) 
After the ad&Ion, the Ice-bath was removed, and the mixture 
was stirred for 24 hr at room temp Then It was concentrated rn 
uacuo to remove THF and the residue was filtered through 
S~O,(Merck K~eselgel60,300g)usmgCHCI,as thesolvent to 
remove Ph,PO The filtrate was concentrated m uacuo and the 
residue waschromatographed over SiO, (Merck K~~.lgel60) 
to gve 14 3 g (82%) of 6a This was repeatedly recrystalhsed 
from n-hexane-ether (5 1) to Bve 7 5 g (ST/, recovery) of pure 
&I as pale yellow needles, m p 65 9-66 2”) [a];’ ’ + 12 9” (c 
= 127,ether),v_,3140(w),1730(s),1635(m),1548(s),1460 
(s), 1350(s), 1290(s), 1175(m), 1078(m),750(w), 715(m), 700(m) 
cm-‘,b(CDCl,)O97(3H,t,J = 7Hz), 113(3H,d,J = 7Hz). 
150_250(3H,m),345(2H,d,J=6Hz),439(2H,s),540(1H, 
dt,J=4and7Hz),719(5H,s),900-920(3H,m),’3C-NMR 
(25 MHz) 6 (CDCI,) 10 18, 11 53, 24 86, 36 74, 72 78, 73 30, 
7953, 12198, 12742, 12768, 128 15, 12923, 13453, 138 15, 
148 57,162 37 (Calc for C2,,H2207N2 C, 59 69, H, 5 51, N, 
696 Found C,5967,H,550,N,6900/.) 

(2S.3S) - 2 - Methylpentane - 1.3 - dlol 1 - benzyl ether 6b 
Toast~rredsolnof6a(50g,124mmol)mTHF-EtOH(1 1, 

60 ml) wds added dropwlse N KOH aq ( 15 ml, 15 mmol) The 
red-violet-coloured reaction mixture was stirred for I hr at 
room temp. neutrahsed with satd NaHCO, aq (20 ml) and 
extracted with ether The ether soln was washed with water, 
satd NaHCO, aq and bnne, dned (MgSO,) and concentrated 
muacuc togve3 Ogofcrude6b Th~swaschstdled togve246g 
(950%) of 6b, bp 102-107”/10 mm, no”’ 14977, [a];” 
+ 12”(c = I 06,CLHa),v_..3500(m),3060(w), 1500(w), 1460 _ _ 
(m), 10&(s), 1070(sh), 970(m), 730(s), 695 (s)‘cm- 1 ,b (Ccl,) 
08513H.d.J=7Hz).O91~3H.t.J=7Hz).l lO-20013H.m). 
246~lH~b~A338(2~;d,J=6H~A3~3jb(lH,mA440~2~; 
s), 7 22 (5H. s), GLC (column, PEG 2OM, 50 m x 0 25 mm at 
170”) earner gas, N,, 0 5 ml/mm) R, 218 mm (single peak) 
(Calc for C13H2002 C, 74 96, H, 9 68 Found C, 74 73, H, 
9 62% ) The corresponding(R)- and (S)-MTPA esters 6c were 
prepared as usual and analysed by HPLC (column, Partis 5, 
25 cm x46 mm, solvent, n-hexane_THF-MeOH 
(10,ooO 100 l), press, 20 kg/cm’,detector, SPD-1,217 nm) 
R, 35 6 mm ((Rj-MTPA ester 6c, smgle peak) or 37 7 mm ((S)- 
MTPA ester 6c, smgle peak) The optIca punty of 6b was 
therefore looo/, 

(2S,3S) - 3 - t - Butyldlmethylsrlyloxy - 2 - methylpentan - I- 01 
benzyl ether 7a 

To a stirred soln of TBDMS Cl (24 g, 159 mmol) and 
umdazole (2 16 IL, 3 18 mmol) m dry DMF (40 ml) was added a 
soln of 6b i lW2 e e , 1 W/, dmste-&men& punty, 2 2 g, 10 6 
mmol) m dry DMF (20 ml) The nuxture was stIrred overnight 
at room temp, poured mto I-water (200 ml) and extracted 
with ether The ether soln was washed with water and bnne, 
dned (MgSO,) and concentrated m UMU) The residue (4 3 g) 
was chromatographed over SiO, (Merck Kieselgel60) and the 
resultmgcrude’la wasd~tllled togve3 4g(quant~tat1ve)of7a, 
bp 102-107”/008 mm, nis 14716, [a];‘+5 1” (c = 126, 
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m), 1 38(2H,i,j = 6H& i ~~oo(lri,m~j’lz(lH,dd,j = 3 
a~diOH~),33S(lH,dd,J=~~dlO~z~,363(lH,d~J= 35 
and 6 Hz), 4 34 (2H, sj, 7 16 @H, s) (Calc for C,H,&St C 
7O?S,H,fO42 Found ~,~O~~~H,lOS~%~ 

(2S,3S)- 3 - t - 3uty~d~r~~~s~iy~o~~- 2 -methylpentun- l-017& 
Ten percent W-C (670mg) was added to a soln ofh (3 3 g, 

15 8 mmol) m 99% EtOH (45 ml) and the suspcnsIon was 
s&-red under H, at room tcmp untd the HZ uptakeceased The 
mtxture was filtered through C&e and the filtrate was 
concentrated rn DOEZW The r-due was dtstrlled to gve 2 3 g 
(% 7%) of 7b, b p 72-77*&l 5 mm, n&’ ’ 14381, [K];’ ’ - 3 5” 
[c = 198, CHQ,), v,, 3400 (mh 1255 (m), Ii00 (mE, 1050 (s), 
1020 fs), 850 (mi_83j-(.s), 770 (s) cm- * ,’ d (CCI,) 007 (6H, s), 
0 70-l 00 (ISH, m). 147 (ZH, dd. J = 7 and 7 Hz). 150-2 00 
(1H,m),2‘13(1~H,&,33‘0_3’60(2H,m),366(1H~ht,J=35 
and 7 Hz) Tlus was employed m the next step wthout further 
punficatron 

Toasf~~~and~~o~~sofnof?b~l4g,602mmol)~ndry 
CsH,N (5 8 ml) was added pTsCi(l8 8,9 mmoi) and the 
mixture was starred ovemlght dt 0” The mrxture was poured 
mto Ice-water and extracted wth ether The ether soin was 
washed wuh satd CuSO, aq, water, satd NaHCO, aq and 
b~ne,dned(M~O.)and~n~ntrat~~n~~~to~~24gof 
crude ?c, V_ 1610 fm), IS00 (WI, 1370 (s), 1260 (mj, t 190 fs), 
f 180 (s}, 1100 (m), 1055 (m), 970 (sj* 835 (s), 810 (m), 770 (s) 
~-1,~(CCl~)O02(6H,s),07~l~(15H,m),i IO-200(3H, 
m), 246 (3H, s), 3 30-4 40(3H, m), 7 36 (2H, d, J = 8 Hz), 7 74 
(2H, d, J = 8 Hz) Thus was employed dlrectiy m the next step 
wrthout further pu~fi~t~on 

(2RfS)- 3 - t -9uty~dr~tkytsir- 2-~tkyi~~~~~~~de7d 
Nal (I 44 g, 5 7 mmol) and NaHCO, (3 8 g, 45 mmol) were 

added to a soln of 7c (2 2 g, 6 7 mmol) m dry acetone (24 ml) 
The mixture was stlrred and heated under reflux ovemrght 
under Ar The mtxture was concentrated m wcw The restdue 
was dduted wnh water (20 ml) and extracted wrth ether The 
ether soin was washed wtth water, 10% Na2S,03 aq, water, 
sdtd NaHCOX aq and brine, dned (MgSO.1 and concentrated 
zn vacua The rest&e was chromat~~~ph~ over SlO, (Merck 
Ktesefgei 60) to gve 194 g (99 6% from 7b) of 76, b p 7% 
‘?a‘/0 3 mm, ntf” 14739, [g]p + 15 rs” (c = 4 02, CHCl,), v,, 
1255(s), 1095 (s), 1060(s), 1020(s), 1005 (s), 860(m), 830(s), 770 
(s) cm - ’ , S (Ccl,) 0 09 (6H. SL 0 89 (9H. sl. 0 60-I 10 (6H. m), 
i 43(2H,q,j = FHz), 1’82(l&dq,j =.5and?Hz),304ilg; 
dd,J=~andlOHz~3~~(~H,dd,J=~and~OHz~363~lH, 
dt,J = 5and7Hz) Thtswas~p~o~in thenext stepmthout 
further pun6~tio~ 

(4RS,6S,7S) - 7 - t - Buryhhetkyis~lyloxy - 4.6 - drmetkyl- 3 - 
nonatOne 8 

A soln of LDA was prepared by the addttron of a soln of n- 
BuLt (1 72 N m n-hexane. 17 7 ml, 304 mmoi’l to a stIrred and 
cooied soln of PtiZNH (4 41 mi, 31 ~mmo~)tn~ry THF~~rnI~ 
at -W’underAr HMPA(9 2mffwasadded to th~mlxtureat 
-60” The mtxture was warmed to -20” to make It a 
homogeneoussoln Tothest~redandcooled LDAsoln,asoln 
of Et&O (3 08 ml, 29 2 mmol) in dry THF (6 ml) was added 
dropwlseat -55” Them~xturewasst~rredfor3Ommat -55” 
It was then cooled to - 60” To thestirred and cooled soIn was 
addoddropwtseasolnof7d(800m&234mmol)~ndryTHF(6 
ml) at -60” After the addrtion, the reaction temp was 
gradually rsrsed to - 5” over 3 hr The sumng was contmued 
overmght at - 5 to 0” The mtxture was poured mto reed-brme 
and extracted wth ether The ether soln was washed v&h N 
HCI, water, satd NaHCO, aq and bnne, dned (MgSO‘) and 
concentrated m WUXJU The residue (093 g) was chromato- 
8raphed over St02 (Merck K~esclgei 60) to give 560 mg (W/, 
of8,bp i~~02w~04mm~~~t 14396,[a]$*-87”(c=229~ 

CHCIJ, v,, 1730(s), 1260(s), 11 10(s~1080(5), 1040(s), 1020 
~s~.860(sh~840~s~77Sfslrm-‘.IICCL~00216H.s1089(98. , I, 

s),07&1 iS(l2ii,‘m),l’i~2D0~3ti,m);i 47(iH,qj = 7Hz); 
2.36 (2H, q, J = 8 Hz), 2 20-2 70 (lH, br), 3 20-3 60 (lH, m), 
GLC(Hltacht 163~schromato~aph,~~um~~%PEG20~, 
2mx35mmat100”+SQ~mm.camer~.Nt,fOkalcm2~ R, 
11 3 mm (~4~,6S,7S~ ii%), 1 I 8 &n ((&;6S,7S$& 5&j 
(CalcforC,,H,nO,St C6744.H.1207 Found C.6761.H. 
i 199% ) T&s x&s empldyed tnthk next step wrthoit further 
punficatlon 

(4S,6S,?S) - 7 - f#ydroxy - 4,6 - drmetkyi - 3 - ~nollone 
(serrrcormn tn) aad ffs {4R,6S,7Sf - tsomer 

A soln of 8 (440 mg, 146 mmol) m A~H-H~~T~F 
(3 1 t, 15 ml) was stirred and heated at 40” for 24 hr The 
mixture was then ~ce-cooled and neutrahsed by the addltlon of 
3NNaOH(~mi,O8equ~vtoA~H used) It waspouredrnto 
satd NaHCO, aq (50 ml) and extracted with ether The ether 
soln waswashed with water,satd NaHCO, aq and brme,drrcd 
(MgSO,) and concentrated to gave 0 4 8 of crude In Thts was 
chromatography over SrO, (Merck Ku&gel 60,1Og,ZOcm 
x I3 cm) Elutton with n-pentane-ether ($5 1) gave 
serrtcorrtmf4S,6S,?S~la (I 16 m&43%), vmrl 3550(m), 3020(s), 
298O(s),293O(s)~ 1720(s), 1470(s), 1420(w), 1385(m), 1350(w), 
1260(w), 123O(wX 1150(m), 1100(s), l@IO(mX lWO(s),98O(s), 
960(s),950(sh),915(w),900(w),870(w),83Q(w),800(~),770(~) 
cm-‘,6(400MNz,C6D6)3 17(026H,mandbr),382(074H, 
ddd, J = 2 6, 7 0 and 8 0 Hz) Other slgnais we= d&cult to 
anaiyse, because of the presence of two forms In and la’ The 
FdtlOOfhtotn’=O~6 074= 1 28,13C-NMR(25MH~~~ 
(C,D,) open-cham form la 8 04, 10 82, 13 69,16 44,27 30, 
33 87.35 83.36 83.43 82 76 35.213 59 The assumments were 
doneby conpan& th& signals wrth those of (4R,6S,7S)-la 
Hemla&tal f&m k 7 37,-10 68, 1 I 74 16 73, 26 18, 30 22, 
3127. 3308. 36 18. 72 66. 98 58 Further etutlon wath n- 
pentake-ether (2 ii gave 14R,6S,?Sfla (101 mg, 3’?Q, v,, 
3530 (ml, 3020 (s), 2980 fs), 2930 (sj, f 120 (s), 3470 {sb 1420 (wb 
1385(m) 1350(w), 1250(w), 1150(m), 1110(m), iO~{m~980 
(5),920(w), 890(w), 860(w), 8OO(w)cm-‘ , 6 (400 MHz, C6Ds) 
082(3H d,J=69Hz),O88(3H,d,J==7OHz),O91(3H,t,J 
=74Hz),O96(3H,t,J=72Hz~iOi(lH,ddd,J=~S,83 
and139H2),129(IH,ddd,J=43,74and136Hz),130-140 
(~H,m~~l~~i~,ddd,J=~4,83andl36Hz~,l~(IH,br~ 
192~iH,ddd,J = 6 1,89and i39Hz~2O~(lH,dq,J = 180 
and72Hz),2 lSfIH,dq,J = 18Oand~2Hz~,2#(lH,ddq,J 
= ~5,89and~O~z~321(lH,m~br),~3C-NMR(2~MH~)~ 
(C~D,)804,1091,1401,1778,2747,3411,3639,372f,441f, 
75 SO, 213 94 TLC of(4S,6S,7S)-la and (4R,6&7S)-la (Merck 
Kleselgel 60 F-254, developed with n-hexane-ether = 3 1) 
R, 0 17-048 [(4&6S,7S)-la], 0 13 [(4R,6S,7S)-la] {&, 0 78, 
anhydro~r~comin) (4S,6S,‘Z$Serncomm m CHCis affords 
a mlxtuw of anh~dro~m~rn~n, ~4S,6S,?~~r~co~~n and 
~4R,6S,~~~r~comtn after a whlie The NMR spectra of 
semcomm and Its tsomer were therefore measured m C,D, to 
avold the eqmhbratlon The NMR spectra tndlcated htgh 
dmstereomerlcpunttesofourproducts Thesewereacetyiated 
wthout further punficatton 

A+0 {O 17 ml, 18 mmol) was added to a soln of f4S,6S,?Sj- 
la (38 8 mg, 0 208 mmol) m dry C,HsN 40 17 rni) and the 
mtxture was starred ovemqht at room tamp The mgxture was 
poured into ice-water and extracted w&t ether The ether soln 
was washed with water and brine, dned (MgSO.) and 
concentrated tn wcuo The restdue was chromatographed 
(Merck Kieseigel60) and du&W to gave 37 0 mg (77 PA) of 
@S,6S,7S&tB, b p 90-93” (bath temp)/2 5 mm, n$’ ’ f 4322, 
[ix&y 5- 18 2” (c = 0 58, n-hexane), la]; - 23 5” (c = 009, 
MeOH) TheIR,‘H-NMRand ‘3C-NMRdataweretdenttcal 
with those reported prevtously ‘Only the ‘sC-NMRdata wtlf 
bedescnbedherc 6(2SMHz,CDC13)787,1015,1443,1661, 
2186,2420,3370,3425,3593,4353,78 10,17092,21494, 
GLC {Shtmadzu CC-‘IA gas chromatograph, column, OY- 
101, 50 m x028 mm at LOO”+t”/mm, tamer gas, NZ, 65 
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ml/mm) 24 2 mm (99 TA), 24 8 mm (0 1%). GLC (column, Solar 
10-C, 50 m x 0 27 mm at 140”, tamer gas, N,, 50 ml/mm) R, 
302mm(smglepeak)(CalcforC,,H,,O, C,6838,H,l059 
Found C, 68 15. H, 1051%) 

(4R,6S,7S) - 7 - Acetoxy - 4,6 - dlmethyl - 3 - nonanone lb 
In the same manneras above (4R,6$7S)-la (42 0 mg, 0 225 

mmol) was acetvlated to give 44 0 ma (85X) of (4R.6S.7slb. 
bp 1dS-110”/3~mm,n~is14316,[~~~‘~~~6~”(c~=~88,n~ 
hexdne), [a];’ -70” (c = 0 17, MeOH) The IR, ‘H-NMR 
and 13C-NMR data were ldentlcal with those reported for 
(4S,6R,7R)-lb ’ Only the “C-NMR data wdl be described 
here S(25 MHz,CDCl,)7 78.10 12.14 63.17 32,2103,24 22, 
3361, 3428, 3639, 4335, 7781, 17097, 21488, GLC 
(Shlmadzu GC-7A gas chromatograph, column, OV-101,50 
m x 0 28 mm at 100” + 2”/mm, earner gas, N,, 65 ml/mm) R, 
24 2 mm (smgle peak), GLC (column, Sdar 10-C. 50 m x 0 27 
mm at 140”. tamer gas, N,, 50 ml/mm) R, 30 7 mm (smgle 
peak) (Calc for C,,H,,O, C, 68 38, H, 1059 Found C, 
6838, H, 1061%) 
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