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Preparation of some deuterium labelled 9- and/or 10-oxygenated derivatives of 
geraniol, geranial, nerol, and neral' 

J .  BALSEVIC~I  
Pr.trir.ic~ Regiorrccl Lrrhor~rtor:\, Nrrtior~rrl Rrseco.c.k Co~rrlt,il of Ctrr~rrrlrr. So.skrrroort. Strsk.. Ctrrltrtltr S7N OW9 

Rcccivcd October 26. 1982 

J .  BALSEVIC~I.  Can. J .  Chcm. 61, 1053 (1983) 
Thc preparation of various dcutcriurn labcllcd 9- and/or 10-oxygcnatcd dcrivativcs of gcraniol, geranial, ncrol, and ncral 

is tlcscribcd. Wittig rcaction of thc tctrahydropyranyl cthcrs of ( E ) -  and (Z) - I .  I-dideutcro-6-(triphcnylphosphonium)- 
3-nicthyl-2-hcxcn-1-01 iotlitlcs (23 and 24) with thc tctrahydropyranyl cthcrs of liydroxyacctonc and I ,3-dihytlroxyacetonc 
affordcd. aftcr dcprotcction, C-I tlitleuteratctl 9-hytlroxygcraniol. 9-hydroxyncrol. 9.10-dihydroxygcraniol, and 9,10-dihy- 
droxyncrol of high isomcric purity. Sclcctivc oxidation of thcsc products allowctl for thc preparation of the corresponding 
dcrivativcs posscssing an altlchydc functionality at C-9 or C-l and C-9. Wittig rcaction of 23 and 24 with pyruvaldcliydc 
dirnethyl acctal followcd by acidic hydrolysis affordcd C-l didcuterated 10-oxogcraniol and 10-oxoncrol, oxidation of which 
yicldcd C-l dcutcratcd 10-oxogcranial and 10-oxoncral. Wittig rcaction of ( E ) -  and (Z)-1,I-ditlcutcro-6-(triphenyl- 
phosphoniun1)-3-nicthyl-2-hcxcn-1-01 ioditlcs (49 and 50) with 1.1.3.3-tctracthoxyacetonc affordcd C-l didcutcrated 
9.9,10,10-tctracthoxygcranid and 9.9.10.10-tctractlioxyncrol. oxidation of which providcd C-l deuteratctl 9,9.10,10-tctra- 
cthoxygcranial and 9.9.10.10-tctracthoxyncral. 

J .  BALSEVICH. Can. J .  Chcm. 61. 1053 ( 1983) 
On ddcrit In prdparation dc plusicurs dCrivds oxygdnis cn position 9 ct/ou I0 du giraniol, du gdraninl, du nErol ct du nCral 

niarquds nu dcutCriuni. Unc rdaction dc Wittig dcs Cthers tdtrahydropyrannyles des iodurcs du didcutdro-1.1 (tri- 
phCnylphosphoniuni)-6 nidthyl-3 licxtnc-2 01-1 ( E )  ct ( Z )  (23 ct 24) avcc Ics Cthcrs titrahydropyrannyles de I'hydroxyacdtonc 
et dc la dihydroxy-1,3 acdtonc conduit. aprts ddprotcction, aux hydroxy-9 gdraniol. hydroxy-9 ndrol, dihydroxy-9, I0 gCraniol 
et dihydroxy-9. I0 nCrol didcutdrks cn C-l cn unc granc purctd isornCriquc. L'oxydation sClectivc dc ccs produits permet dc 
prdparcr Ics dirivds correspondants ayant une fonction aidihydc en C-9 ou en C- I ct cn C-9. La reaction dc Wittig des co~iposds  
23 ct 24 avcc lc dimdthylc acdtal de la pyruvalddhyde. suivic d'unc hydrolysc acidc. conduit i 1'0x0-I0 gdraniol ct i 1'0x0-I0 
nirol dideutdrds cn C- I .  Par oxydation. ccs cornposis donncnt 1'0x0- I0 gdranial ct 1'0x0- I0 ndral dideutdris en C- I .  La reaction 
dc Wittig dcs iodurcs dc didcutdro-1.1 (triphCnylphosphoniuni)-6 methyl-3 hcxtnc-2 01-1 ( E )  ct ( Z )  (49 et 50)  avcc la 
tdtradthoxy-I , 1J.3 acdtonc pcrmct d'obtcnir le tdtradthoxy-9,9,10,10 gkraniol ct Ic tdtraethoxy-9,9,10,10 ndrol didcutdrks en 
C-l qui. par oxydation fournissent lc tdtraCthoxy-9.9.10.10 gdranial ct le tdtrakthoxy-9,9,10. I0 ndral dcutdrds en C- I .  

[Traduit par Ic journal] 

In the biosynthesis of monoterpene indole alkaloids, the 
"monoterpene portion" of the alkaloids has been shown to arise 
from the seco-iridoid glucoside secologanin (1) ( 1, 2) which in 
turn arises, via the cyclopentanoid derivative loganin (2) (3), 
from the acyclic monoterpenes geraniol (3) and nerol (4) 

CR R' 2;' 
5 R = R 1  = CH,OH 6 R = R' = CHzOH 

OGluc OGluc 7 R = CHzOH, R'  = CHO 8 R = CH,OH, R '  = CHO 
H :  H 3 5  H : 9 R = CHO, R '  = CH,OH 10 R = CHO, R1 = CH20H Ho....(q 11 R = R' = CHO 12 R = R' = CHO 

C 0 2 C H 3  ' C 0 2 C H 3  

(4-6). The exact pathway between geraniol/nerol and loganin, 
however, remains uncertain. Previously, tracer studies had es- 
tablished that 10-hydroxygeraniol (5) and 10-hydroxynerol (6) 
were incorporated into loganin and indole alkaloids in Cathar- 

13  R = R' ,  = CHzOH 
14 R = CHO, R' = CHzOH 
15 R = CH,OH, R' = CHO 
16 R = CHzOH, R1 = CH, 
17 R = CHO, R' = CH, 
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pH0 + - loganin 

C H O  

C H O  

crrzrlz~rs roseus plants (7. 8). More recently, mixtures consisting 
of 10-oxogel-aniol (7)/  10-oxonerol (8),  10-hyclroxygeranial 
(9)/10-liydroxyneral (10). and 10-oxogeranial (ll)/lO-0x0- 
neral (12) were also shown to be incor~orated (9). while such 
derivatives as 10-hydroxycitronellol (13), 10-hydroxycitro- 
nellal (14), 10-oxocitronellol (15). citronellol (16), citronellal 
(17), linalool (18), 10-hydroxylinalool (19), and iridodial (20) 
were not (7, 8,  10). These results coupled with the observation 
that an isotopic label at C-9 of geraniol becomes scrambled 
between C-9 and C-10 on conversion to loganin (3, 7, l I ,  12) 
let1 to the hypothesis that the biosynthesis of loganin involves 
conversion of geraniol and nerol via several oxidative steps 
(and appropriate isomerizations) to 9.10-dioxoneral (21). Cy- 
clization of 21 (to afford 22) followed by further elaboration 
would then lead to loganin (Scheme 1 )  (7. 13). 

In spite of the obtained evidence. however. definitive infor- 
mation regarding the importance of double bond geometries or 
direct evidence supporting the role of 9,IO-oxygenatecl geraniol 
(nerol) derivatives is lacking. With the clevelopnient of tissue 
culture methodology (which offers such aclvantages over the 
use of intact plants as having fewer problems associated with 
metabolite transport as well as greater control of experimental 
conditions) it was deemed that such questions could be re- 
solved. Recently, it  had been determined that 10-hydroxy- 
geraniol and 10-hydroxynerol (labelled with deuterium) could 
be incorporated into indole alkaloids to the extent of 80% when 
a cell suspension culture of C. roseus was used for the tracer 
experiments (14). This incorporation was two orders of mag- 
nitude greater than that previously observed using intact plants, 
and augered well for further studies: however, a number of 
geraniol. geranial, nerol, and neral derivatives oxygenated at 
the 9 and/or 10 positions (i.e. hypothetical alkaloid precursors 
or analogs thereof) were required. Accordingly, the synthesis 
of these derivatives, possessing a deuterium label, was under- 
taken and the results presented here. 

It was envisioned that the target compound could be con- 
veniently prepared by Wittig reaction of isomerically pure 
phosphoniuni salts 23 and 24 with appropriately oxygenated 
derivatives of acetone (followed by deprotection and further 
functional group manipulation as required). To this end, 
5-chloro-2-pentanone was coupled by Wittig-Horner reaction 

with trinietliylpliosplionoacetate to yielcl a mixture of (E) -  and 
(Z)-methyl 6-cliloro-3-methyl-2-hexenoates (25 and 26. E / Z  
= 1.8 : 1 ) in  9 1 C/C yield. The assignments of stereochemistry 
were achieved by examination of the proton magnetic reso- 
nance spectra which exhibited characteristic signals for the 
olefinic methyl groups at 6 2 .  I6 for tlie (E)-isomer 25 and 6 
1.87 for the (Z)-isomer 26 (7).  Separation. by spinning band 
clistillation, afforded the individual esters in >98% isomeric 
purity as determined by glc analysis. Recluction of 25 and 26 

with lithium aluminum deuteride furnished the allylic alcohols 
27 and 28 in 96% and 93% yields respectively. Alcohols 27 and 
28 were converted to the tetrahydropyranyl ethers 29 (98% 
yield) and 30 (95% yield) via standarcl means and then treated 
with triphenylphospliine and sodium iodicle in refluxing ace- 
tonitrile to afford the desired phosphoniuni salts 23 (86% yield) 
and 24 (89% yield) as crystalline solids. 

Having the desired phosphonii~rn salts in hand. their Wittig 
reactions with various substrates were examined. Wittig reac- 
tion of 23 with the tetrahydropyranyl ether of hydroxyacetone 
under "salt free conditions" (15) yielded, after removal of 
the protecting groups, I, I-dideutero-9-liydroxygeraniol (31) 
in 85% yield. Correspondingly. 24 yielded 1,l-dideutero-9- 
hydroxynerol (32) in 91% yield. The Wittig reactions were 
highly stereoselective with only 3% contamination by the 
10-hydroxy isoniers. 

Oxidation of 31 and 32 with manganese dioxide gave, after 
purification by thin-layer chromatography, I ,  l-dideutero-9- 
oxogeraniol (33) and 1, I-dideutero-9-oxonerol (34) contam- 
inated with ca. 5% of the 10-0x0 isoniers. The chemical shifts 
of the aldehyde protons of 33 and 34 (6 10.13 and 6 10.09) 

31 R  = CD,OH, R '  = CH,OH 32 R  = CD,OH, R '  = CH,OH 
33 R  = CD,OH, R '  = CHO 34 R  = CD20H, R '  = CHO 
35 R  = CDO, R '  = CHO 36 R  = CDO, R '  = CHO 

were consistent with the 9-0x0 assignments (8). The observed 
preference for oxidation of the C-9 over the C-1 hydroxy 
groups was likely the result of the deuterium isotope effect 
wherein the rate-determining step of the oxidation would be the 
breaking of the C-H (C-D) bond. 
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Further oxidation of 33 and 34  sing barium manganate 
afforded dialdehydes 35 and 36 in 71% and 75% yieltls re- 
spectively. In the case of 35, no significant isomerization was 
noted during this oxitlation. In the case of 36 a small amount 
(ca. 2%)  of isornerization of the 2.2 doublc bontl was observetl. 

For the preparation of some 10-oxygenated derivatives. the 
phosphonium salts 23 and 24 were coupled by Wittig reaction 
with the dimethyl acetal of pyruvaldehyde. Although the 
9-acetal derivatives were formed initially, acidic hydrolysis of 
the protecting groups was accompanietl by isomerization to 

37 R = CD,OH, R '  = CHO 38 R  = CD'OH, R '  = CHO 
39 R  = CDO. R '  = CHO 40 R  = CDO, R 1  = CHO 

afford I ,  l -dideutero- 10-oxogeraniol (37) contaminated with 
2% of the 9-0x0 isomer and I .  l -dideutero- 10-oxonerol (38) 
contaminated with 7% of the 9-oxo isomer. The chemical shifts 
of the aldehyde protons of 37 and 38 (6 9.36 and 6 9.38) were 
consistent with the 10-0x0 assignments (8).  

Further oxidation of 37 and 38 employing barium manganate 
afforded the dialdehydes 39 and 40. The isomeric purity of 
these derivatives was essentially unchangecl. 

For the preparation of some 9.10-oxygenatecl derivatives two 
approaches were utilized. In the first, phosphonium salts 23 
and 24 were coupled by Wittig reaction with ditetra- 

41 R = CD20H. R '  = R' = CH,OH 
43 R  = CD20H, R '  = CHO, R' = CH?OH 
45 R  = CD'OH. R '  = CH'OH. R' = CHO 

42 R  = CD,OH, R '  = R' = CH'OH 
44 R = CD20H, R '  = CHO, R 2  = CHZOH 
46 R = CD,OH, R '  = CH'OH, R' = CHO 

hydropyranyl ether of I ,3-dihydroxyacetone. After removal of 
the protecting groups I ,  I-dideutero-9,IO-dihydroxygeraniol 
(41) and I ,  1-dideutero-9,IO-dihydroxynerol (42) were obtain- 
ed in 56% and 63% yields respectively. 

Oxidation of triols 41 and 42 with manganese dioxide in 
tetrahydrofuran at O°C was reasonably regioselective yielding 
1,l-dideutero-9-0x0- 10-hydroxygeraniol (43) contaminated 
with 12% of the 9-hydroxy-10-0x0 isomer 45 and l , l -d i -  
deutero-9-0x0- 10-hydroxynerol (44) contaminated with 14% 
of the isomer 46. The assignments of stereochemistry were 
based on the chemical shifts of the aldehyde protons. The major 
components of the two oxidations (i.e. 43 and 44) exhibited 

resonances at 6 10.10 and 6 10.01 whilc the minor components 
(45 and 46) exhibited resonances at 6 9.41 and 6 9.37 (8) .  The 
yieltls of the oxidations were 72% ancl66% respectively. [nter- 
estingly. when manganese clioxitle in tlichloromethane at ambi- 
ent temperatures was LISCCI. poorer yielcls ant1 lower regi- 
oselectivity were observetl. 

Attempted oxidation of 43 with barium manganate gave poor 
recovery of a complex mixture of products and was not further 
pursued, rather an alternative approach to other 9 ,  I0 oxygen- 
ated derivatives was employed. The scconcl approach involved 
preparation of 1,1.3,3-tetraethoxyacetone (47) (16, 17) as the 

0- 
E t o y O p  Eto+i' 

EtO OEt OEt 

ketonic substrate for the Wittig reaction. Accortlingly, ethyl 
diethoxyacetate was reacted with dimsyl sotliuni in dimethyl 
sulfoxide to furnish P-ketosull'oxide 48. Treatment of 48 with 
mercuric oxide and boron trifluoride in refluxing ethanol ef- 
fected Pummerer rearrangement and ethanolysis to yield 47.' 

Wittig reaction of 47 (18) with phosphoni~~ni  salts 49 and 50 
(prepared from the chloroalcohols 27 i ~ n d  28 by reaction with 
triphenylphosphine and sodium iodicle in refluxing acetonitrile 
as before) f i ~ r ~ i s h e d  I ,  I -dideutero-9.9.10,l O-tetraethoxy- 
geraniol (51) in 7 1 % yield ant1 I ,  I-clideutero-9,9,10,IO-tetra- 
ethoxynerol (52) in 55% yielcl. 

fi R EtO OEt 

OEt OEt 

51 R  = CH,OH 
53 R  = CDO 

EtO AOEt 
OEt OEt 

52 R  = CHZOH 
54 R  = CDO 

Oxidation of 51 and 52 with barium manganate yielded the 
corresponding aldehydes 53 and 54. Attempts to hydrolyse 
compounds 51 to 54 to afford the corresponding 9,10 di- 
aldehydes were not successful, likely due to the instability of 
the vinyl dialdehyde system. This result. however, does not 
preclude the use of these derivatives for tracer experiments as 
the possibility of in vitro generation of the 9,lO-dialdehyde 
functionality remains. 

'The previous preparation of 47 (16. 17) involves reaction of pyruv- 
aldehyde diethylacetal with ethyl nitrite in the presence of ethanolic 
hydrogen chloride, however, the product is generally contaminated 
with 5 -  10% of the corresponding ketal. The procedure cmployed 
gave essentially pure 47. 
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1056 CAN J .  CHEM.  VOL. (>I. 19x3 

Experimental 
Mclting points (mp) wcrc obtaincd on a Koftlcr block and arc 

uncorrcctcd. Gas-liquid chromatography (glc) was cal~icd out with a 
Hcwlctt-Packard modcl 57 IOA gas chro~natograph cquippcd with an 
8.6 mctcr capillary glass column containing OV-101. Ultraviolet (uv) 
spectra wcrc obtaincd with sarnplcs in 95% cthanol using a Bcckman 
modcl 35 spcctrophotomctcr; absorption maxima arc quotcd in 
nanomctcrs with log E valucs in brackcts. Infrarcd (ir) spcctra wcrc 
obtaincd with sanlplcs as ncat films on sodium chloridc platcs using 
a Varian modcl 2578 spcctrophotomctcr; absorption maxima arc 
quotcd in ccntimctcrs-I. Proton rnagnctic rcsonancc ('Hrnr) spectra 
wcrc obtaincd with sarnplcs in deutcrochloroforrn (unlcss othcrwisc 
notcd) using a Varian modcl EM-390 spcctromctcr. Thc position of 
pcaks is listcd in thc 6 scalc rclativc to tctramcthylsilane which was 
uscd as intcrnal standard. Low resolution Inass spcctra (ms) wcrc 
obtaincd on a Finncgan modcl4000 spcctromctcr run at 70 cV. Micro- 
analyscs wcre performed by the Spang Microanalytical Laboratory, 
Eagle Harbor. Michigan, U.S.A. For thin-layer chromatography. 
Whatman PLK5F prccoatcd silica gel plates wcrc cmploycd. For 
column chromatography. Aldrich silica gel. gradc 12, 28-200 mcsh 
was uscd. 

Lithium aluminum dcutcride and n-butyllithium wcrc obtained from 
thc Alfa Chcmical Co. Mangancsc dioxidc. barium manganatc. and 
phcnyllithiurn wcre obtaincd from thc Aldrich Chcmical Co. Potas- 
sium hexamcthyldisilazide was prepared by the rcaction of potassium 
hydride with hcxamcthyldisilazanc in tctrahydrofuran. Thc tet- 
rahydropyranyl ethers of hydroxyacetonc (acetol) and I -3-dihydroxy- 
acctone were prepared from thc alcohols via standard means. Anhy- 
drous tetrahydrofuran was obtained by distillation from the sodium 
ketyl of benzophcnone. Spinning band distillation was cal~ied out with 
a Kontes model K-500400 spinning band micro still. Isomeric purities 
werc determined from glc analyses or 'Hrnr spectra. 

(E)-trrztl (Z)-Metl~yl 3-tnethyl-6-c/zloro-2-/zeserzotrtes (25 nrlcl 26) 
A suspension of sodium hydride (4.7 g of 50% NaHIrnincral oil, 

0.098 rnol) in anhydrous tetrahydrofuran (150 mL) at P C  was trcated 
with a solution of trimethylphosphonoacctate (18.2 g, 0.099 mol) in 
dimethyl sulfoxide (25 mL) at a dropwisc ratc ovcr 20 min. Aftcr a 
further 20 min 5-chloro-2-pcntanonc ( I 0  mL. 0.087 mol) was addcd. 
The reaction mixturc was stirrcd for 24 h at ambient temperature, 
dilutcd with pctrolcum ethcr (100 mL), and washcd with 5% sodium 
bicarbonate solution (5 X 50 mL). Thc combincd aqucous portion was 
back-cxtractcd with pctrolcum cther ( I  x 50 mL). Thc combincd 
organic portion was dricd (NaZSO,) and the solvent rcmoved in vtrc,~ro. 
Thc rcsidue was distilled at 10 TOIT to afford a mixturc of 25 and 26 
(1 .8 : l ,  13.92g.91%)asacolorlcssliquid; bp 112-119"Cat IOTorr. 
Thc two isomcrs wcre separated by spinning band distillation at 0.5 
TOIT (3X) yiclding 25 and 26 in greatcr than 98% isomcric purity. 
(E)-Mcthyl 3-rncthyl-6-chloro-2-hexenoate (25); bp: 65°C at 0.5 Torr; 
glc retcntion time (80°C): 3.97 min; uv A ,,,.,,: 218 (4.41); ir v ,,,,,,: 1718, 
1650, 1432, 1224, 1 15 I ,  1 144; 'Hmr 6: 5.67 ( l H, bs), 3.65 (3H, s), 
3.48(2H, t . J = 6 H z ) , 2 . 2 9 ( 2 H , m ) , 2 . 1 6 ( 3 H , d , J  = 1.3 Hz), 1.96 
(2H, m); ms rnle: 178 ("Cl, M', 5%), 176 ('5CI, M', 16%), 145 
(39%). 127 (69%), 114 (100%). 95 (44%). (Z)-Methyl 
3-mcthyl-6-chloro-2-hcxcnoate (26); bp: 61°C at 0.5 Torr; glc rctcn- 
tion time (80°C): 3.07 min; uv A ,,,,,: 217 (4.20); ir v ,,,,,: 1716, 1648, 
1430, 1224, 1 152; 'Hmr 6: 5.70 ( l H, bs), 3.64 (3H, s), 3.52 (2H, t ,  
J = 6 Hz), 2.73 (2H, m), 1.93 (2H. m). 1.87 (3H, d, J = 1.4 Hz); 
ms mle :  178 ('7Cl, M', 7%), 176 ("C, M', 20%), 145 (33%), 127 
(100%). 114 (55%). 95 (72%). A~ltrl. (mixturc of E and Z isomers) 
calcd. for CxH1302C1: C 54.39. H 7.42, CI 20.07; found: C 54.43, H 
7.42, C1 20.10. 

(E)-1 , l -Dide~~tero-3 -1ne t /1y l -6 -c / z Ioro-2 - l - -o l  (27) 
A solution of cstcr 25 (18 g. 0. I0 mol) in anhydrous cthcr (150 mL) 

was treated with small portions of lithium aluminum deuteridc (4.2 g, 
0.10 mol) over a period of 30 min. After stirring for a further 4 h at 
ambient temperature, water (20 rnL) was cautiously added over a 
period of 30 min. The reaction mixture was filtered and the solvent 

rcrnovccl in  i,trc.iro to givc 27 as a colorlcss liquid (14.5 g. 96%); ir 
v ,,,,,,: 3350,2190,2085, 1664, 1078; 'Hmr 6: 5 .44( lH.  bs). 3.51 (3H, 
t .  J = 6 H z ) .  2.3-1.7(4H, m). 1.66(3H.d.  J = 1.3Hz);n1srtz/e: 
152 ("CI. MA.  1.4%), 150 ("CI, M'. 5.5%). 135 (15%). 133 (36%). 
97 (15%). 83 (18%). 73 (100%). A11trl. (of nonclcutcratcd analog) 
calcd. for C7HlTOCI: C 56.57. H 8.82. Cl, 23.85: founcl: C 56.32. H 
8.77, C1 23.75. 

(Z)-I , l-Ditleirtc~ro-3-11lettl1yl-6-~~I~Io1~o-2-11t~.~~~- 1-01 (28) 
A solution of cstcr 26 ( 13 g. 0.07 mol) in anhydrous cthcr ( 130 I ~ L )  

was trcatcd with lithium aluminuln dcutcridc (3  g, 0.07 rnol) as abovc 
to afford alcohol 28 as a colorlcss liquid (10.2 g. 93%): ir u,,,,,,: 3350, 
2190. 2082. 1664. 1078; ' ~ m r  6: 5.42 ( l H ,  bs). 3.45 (3H. t .  J = 6 
Hz), 2.4- 1.7 (4H. m). 1.71 (3H. d. J = 1.3 Hz); rns rrrlt.: I52 ("C, 
mi .  0.9%). 150 ('"CI, m', 3. I%), 135 (7%). 133 ( 13%). 97 (15%), 
83 (30%). 73 (100%). A11trl. calcd. for C7HllDZOCI: C 55.83, CI 
23.54; found: C 55. l I ,  CI 23.25. 

(E)-Tt~trrrl~yrlr-o~~yrrrr~y/ etker 29 
A solution of alcohol 27 (14.5 g, 0.096 mol) and p-toluencsulfonic 

acid monohydratc (300 mg. 1.6 rnmol) in cther ( I00 mL) was treatcd 
with dihydropyran ( I  I mL. 0.13 mol) at a dropwise ratc over a pcriod 
of 2 h. Thc rcaction mixture was stirrcd for a further 18 h at ambient 
temperature and then washed with I N soclium hydroxide solution (3 
X 30 mL) and brine (2 X 30 mL). Aftcr drying (Na2S0,) the solvcnt 
was removcd in vtrt.~ro to afford 29 as a colorless liquid (22 g. 98%); 
ir u ,,,,,,: 2155, 2075, 1662, 1020, 724; 'Hmr 6: 5.39 ( I H ,  bs), 4.59 
( I H , t , J  = 3 H z ) . 3 . 9 ( I H , m ) , 3 . 5 ( 1 H ,  m ) , 3 . 4 9 ( 2 H , t . J  = 6 H z ) ,  
2.4-1.4 (IOH. m). 1.67 (3H, bs); ms rrzle: 234 (M', 0.1%). 133 
(33%), 85 (100%). 

(Z)-Tetrtzllytlropyrtr~~yl etller 30 
A solution of alcohol 28 (9.5 g, 0.06 mol) and p-toluenesulfonic 

acid monohydrate (200 mg. I. l mmol) in cther (70 mL) was treated 
with dihydropyran (7.3 mL, 0.09 mol) as abovc to afford 30 as a 
colorless liquid (14 g. 95%); ir v,,,.,,: 2158. 2074, 1661, 1020: 'Hmr 
6:5.43(lH,bs).3.49(1H,t,J=6Hz).2.5-1.4(10H,m), 1.75(3H, 
bs); n ~ s  rnle: 234 (M', 0.1%). 133 (24%). 85 (100%). Antrl. calcd. 
for CIZHIPDZOZCI: C 61.39, CI 15.12; found: C 61.73. CI 15.02. 

(E)-Plrosphorzi~rrn sult 23 
A mixturc of 29 (2 1.5 g. 0.092 mol). triphcnylphosphinc (25 g. 

0.095 moi). and sodium iodide (27 g. 0.18 mol) in acctonitrile (60 
mL) was hcatcd at rctlux. Aftcr 27 h thc rcaction mixturc was coolcd 
to O°C, diluted with dichloromcthanc (130 mL), and filtcred. Thc 
solvcnt was rcmoved ill vccc.tro and thc resultant gun1 was washcd with 
ethcr (3 X 50 mL), dissolved in acctonc (50 mL), trcatcd with cthcr 
(130 mL), and allowcd to stand at 0°C for scveral days whcrcupon 
crystallization occurrcd. Thc solid mass was pulvcrizcd, filtcrcd, fur- 
thcr washed with cthcr and watcr. and dricd in vtrt,rro at 100°C to 
afford 23 as an off-whitc crystallinc solid (48 g, 86%). rnp 149- 15 1°C 
(crystals soften at 119°C); 'Hmr 6: 7.8 (15H. m), 5.35 ( IH,  bs), 4.55 
(IH.  m). 4.0-3.3 (4H, m), 2.73 (2H. t, J = 7.5 Hz), 2.2-1.3 (8H, 
m), 1.54 (3H. bs). Antrl. calcd. for C311H,7DZIOP: C 61.23, 1 21.57; 
found: C 61.40. 1, 21.65. 

(Z)-Plzos/~hor~irtrn scrlt 24 
A mixture of 30 (8 g, 0.034 mol), triphenylphosphinc (9.4 g, 0.036 

mol) and sodiuni iodide (10.2 g, 0.068 mol) in acctonitrile (25 mL) 
was hcatcd at rcflux. Aftcr 27 h the rcaction mixture was cooled to 
O°C, diluted with dichloromethane (100 mL), and filtered. The solvent 
was removed in vc~cuo and the resultant gun1 washcd with cthcr (3 x 
4 mL). The residue was trcatcd with acetonc (40 mL) and Ict stand at 
P C  for 4 h whereupon cyrstallization occurrcd. Thc solid mass was 
pulverized, filtcred, washed with cthcr, and dried in vtrc~io at 100°C 
to afford 24 as a white crystallinc solid (17.8 g, 89%). rnp 
187- 188°C; 'Hmr 6: 7.8 (15H, m), 5.45 ( IH,  bs). 4.57 ( IH,  m), 
4.0-3.2 (4H, m), 2.43 (2H, t ,  J = 7.5 Hz), 2.0-1.2 (8H. m), 1.59 
(3H, bs). And. calcd. for C3,,H.,7DZ10P: C 61.23, 1 21.57; found: C 
61.27, 1 21.48. 
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I ,  1 -Ditle~ttero-9-lr~tI1~o.r~gertr11io/ (31) 
A suspension of phosphoniurn salt 23 (2.8 g. 4.76 mmol) in anhy- 

drous tctrahydrofuran/hcxamethylphosphoranii(le ( I0 mL/ I mL) un- 
der a nitrogen atmosphere was treated with a solution of potassium 
hcxamcthyldisilylazidc in tetrahydrofuran (4.8 mL of I M solution, 
4.8 mmol). Aftcr 15 min at ambicnt temperature the reaction mixture 
was cooled to -7S°C and trcated with the tctrahydropyranyl cthcr of 
hydroxyacetonc (0.7 g. 4.7 mmol). The cooling bath was removed and 
the reaction mixture allowed to warm to ambient temperature. After 
a further 3 h at ambient temperature the reaction mixture was diluted 
with pctrolcunl cthcr ( I 0  niL) and filtered through a short column of 
silica gel using petroleum cthcr as eluent. Aftcr evaporation of the 
solvent, the rcsiduc was dissolved in methanol (50 mL), trcated with 
p-tolucnesulfonic acid monohydrate (80 n ~ g ) ,  and stirred at ambient 
temperature for 18 h. Sodium hydroxide solution (2 M, 0.25 mL) was 
added and the solvent removed it1 rtrc~ro. The residue was chro- 
matographed on silica gel using ether as eluent to afford 31 (con- 
taminated with 3% of the 10-hydroxy isomer) as a colorless liquid 
(690 mg, 85%); ir v ,,,.,,: 3340, 2 180, 2090, 1080; 'Hmr 6: 5.37 ( I  H, 
bs), 5 .22( lH,  t ,  J = 7 Hz),4.04(2H, s) ,  2 .70( lH,  bs).2.2(4H, m), 
1.76 (3H, bs), 1.65 (3H, bs); ms t n / ~ :  154 (M' - 18. 0.5%), 136 
(3.2%), 12 1 ( 15%), 84 (28%), 70 (35%), 43 ( 100%). Atrcll. calcd. for 
CloHl,DZOZ: C 69.74; found: C 69.75. 

I .  I -Ditler~tero-9-I1~~cIro~r~1~erol (32) 
Reaction of phosphonium salt 24 (2 g, 3.4 nimol) with potassium 

hexamethyldisilazide (3.4 mL of I M solut~on in THF) and the tct- 
rahydropyranyl ether of hydroxyacctone (0.5 g, 3.4 mmol) as above 
afforded 32 (contaminated with 3% of the 10-hydroxy isomer) as a 
colorless liquid (530 mg, 91%); ir v,,,,,: 3340, 2160, 2078, 1662, 
1080; 'Hmr6: 5 .40( lH,  bs), 5 .26( lH,  t. J = 6.5 Hz), 4.02 (2H, s), 
2.1 (4H, m), 1.77 (3H, bs). 1.71 (3H, bs); ms tn/e: 154 (M' - 18. 
0.3%). 139 (5%). 136 (5%). 121 (16%). 84 (27%). 70 (40%). 43 
(100%). 

I .  1-Diderttero-9-o.rogertrtrio1 (33) 
A solution of diol 31 (200 mg. 1.16 mmol) in dichloromethane (18 

mL) at ambient temperature was treated with manganese dioxide (2.4 
g).  The resultant suspension was stirred for 1.5 h and filtered through 
Celite. The filtrate was concentrated in r,crc.rro and the residue chro- 
matographed on silica gel using cther/petroleum ether ( 1 : I ,  v/v) as 
eluent to yield 33 (contaminated with 5% of the 10-0x0 isomer) as a 
pale yellow oil (141 mg. 7170); uv A,,,~,,: 237 nm (4.09); ir v ,,,.,,: 3420, 
2180.2078, 1672;'Hmr6: l 0 . 1 3 ( I H , s ) . 6 . 4 8 ( l H , t , J = 7 H z ) , 5 . 4 3  
( IH,  bs).2.71 ( 2 H , q , J = 7 H z ) , 2 . 1 8 ( 2 H , t . J = 7 H z ) ,  1 .88( IH,  
s) ,  1.75 (3H, bs), 1.68 (3H, bs); ms tn/e: 152 (M' - 18, 5%), 137 
(9%). 123 (13%). 109 ( 1  I%), 95 (16%), 84 (35%), 82 (43%), 41 
(I0070). 

I ,  I -Ditlerrtero-9-oOro~rerol (34) 
A solution of diol 32 (150 ~ n g ,  0.87 mmol) in drchloroniethane (15 

mL) was treated with manganese dioxide (1.5 g) as above to yield 34 
(contaminated with 5% of the 10-0x0 isomer) as a pale yellow oil (98 
mg, 65%); uv A ,,,,,: 237 (4.08); ir v ,,,.,,: 3420, 1674; 'Hmr 6: 10.09 
( l H , ~ ) , 6 . 4 6 ( l H , t , J = 7 H z ) , 5 . 4 7 ( l H . b s ) ,  1.74(6H.bs);msm/e: 
170 (M', 0.1%). 152 (8%), 137 (12%), 109 (15%). 95 (30%). 84 
(52%). 82 (94%), 42 (100%). Atlcll. calcd. for CIoH14DzOz: C 70.55; 
found: C 70.05. 

I-Dier1tero-9-o.rogercrt1ic1l (35) 
A solution of 33 (180 mg, 1.08 mmol) in dichloromethane ( I  1 mL) 

was treated with barium manganate (1.9 g).  The resultant suspension 
was stirred at ambient temperature for 2.5 days and filtered through 
Celite. 'The filtrate was concentrated it7 vac.rro and the residue chro- 
matographed on silica gel using ether/petroleuni ether ( I  : 1 ,  v/v) as 
eluent to afford 35 as a pale yellow liquid ( 130 mg, 7 1 %); uv A,,,;,,: 237 
(4.38); ir v ,,,.,,: 2100, 1663; 'Hmr 6: 10.15 (IH.  s),  6.43 ( IH,  t, J = 
8 Hz), 5.89 ( IH.  bs), 3.0-2.2 (4H, m). 2.21 (3H, bs), 1.78 (3H, bs); 
ms n ~ / e :  167 (M', 0.5%). 152 (7%). 149 (4%), 95 (36%), 82 (96%), 
42 (100%). Anal. calcd. for Cl,IH12DOZ: C 71.83; found: C 71.55. 

I -De~rrc,ro-9-0.r01rert~l (36) 
A solution of 34 (120 mg. 0.71 mmol) in dichlororiicthane (8  niL) 

was treated with barium manganate (1.3 g)  as above to afford 36 as 
a pale yellow liquid (88 nig. 75%); uv A ,,,.,,: 236 (4.35); ir v,,,~,,: 2100, 
1667, 1636; 'Hn1r6: 10.1 I ( IH .  s).  6 . 4 4 ( l H ,  t .  J = 7 Hz). 5.93 ( IH.  
bs), 2.9-2.6 (4H. m), 2.00 (3H. bs). 1.77 (3H. bs); ms tn/e: 167 
(M', 0.4%). 152 (6%). 149 (470). 95 (38%). 82 (96%). 42 (100%). 

I ,  I -Ditl~~rtc~ro- 10-o.rogc~rn~rio/ (37) 
A suspension of the (E)-phosphonium salt 23 (5.4 g. 9.2 mmol) in 

anhydrok tctrahydrofuran/hcx~mcthylphosphoramidc (30 mL/3 mL) 
under a nitrogen atmosphere was treated with a 1.9 M solution of 
phenyllithium in ether (5 mL, 9.5 mmol). Aftcr stirring for 10 niin at 
ambicnt temperature the reaction mixture was cooled to -78°C and 
treated with pyruvaldchyde dimethyl acctal (1.05 g, 8:9 mmol). The 
reaction wasallowed to warm to ambient temperature (ca. 30 niin) and 
stirred for a further 3 h. Petroleun~ ether (30 mL) was added and the 
resultant mixture filtered through a short colun~n of silica gel using 
ether/petroleum ether ( l : I ) as eluent. The filtrate was concentrated it1 
roac.rro and the residue dissolved in methanol (60 niL) containing 
p-tolucnesulfonic acid monohydrate (50 nig). After stirring for 18 h at 
ambient temperature, water (70 mL) was added and stirring continued. 
After 30 min, the reaction mixture was concentrated itr r8erc.rro (to ca. 
one-half the original volume, made basic with I N sodium hydroxide, 
and extracted with ether (3 X 40 mL). The combined ether extract was 
dried and the solvent removed in vtrcrro to afford 37 (contan~inated 
with 2% of the 9-0x0 isomer) as a pale yellow oil (980 mg, 65%); uv 
A ,,,.,,: 229 (4.20); ir v ,,,;,,: 3400. 1683, 1640: ' ~ m r  6: 9.36 ( IH.  s), 6.46 
( I H ,  t , J  = 7 H z ) , 5 . 4 3 ( l H 3  bs) ,2 .7-2.0(4H,  m), '1 .73(3H,bs) .  
1.68 (3H. bs); ms tnle: 152 (M' - HZO, I I%). 137 (26%), 123 
(26%). 84 (6070), 42 ( I  00%). 

I .  I -Deutero-10-o.ro11eroI (38) 
A suspension of the (Z)-phosphonium salt 24 (2.5 g, 4.3 mmol) in 

anhydrous tetrahydrofuran/hcxamethylphosphorarnide ( 13 mL/ 1.3 
mL) under a nitrogen atmosphere was treated with a 1.9 M solution of 
phenyllithium in ether (2.4 mL. 4.6 mmol) as above to afford 38 
(contaminated with 7% of the 9-0x0 isomer) as a pale yellow oil (500 
mg, 69%); uv A ,,,,,: 229 (4.29): ir v ,,,.,,: 3400. 1672, 1644; ' ~ m r  6: 
9 . 3 8 ( l H , s ) , 6 . 4 8 ( l H ,  t , J = 7 H z ) , 5 . 4 8 ( l H . b s ) . 2 . 4 ( 4 H , m ) .  1.76 
(6H. bs); n ~ s  mle :  152 (M' - 18. 5%). 151 (670). 137 ( I  170). 123 
( l6%),  109 ( I  1%). 98 (26%). 95 ( 1 9 6 ) ,  84 (76%). 55 (60%). 42 
(100%). AII~II. calcd. for CI,,HllD2O2: C 70.55; found: C 70.48. 

I -Deutero-IO-o,~ogerc~t~rc~l (39) 
A solution of 37 (350 mg, 2.06 mmol) in dichloromethane (25 mL) 

was trcated with barium manganate (3.3 g). The resultant suspension 
was stirred at ambicnt temperature for 3 days and then frltered through 
Celite. The solvent was removed in verc~rro to give the dialdehyde 39 
as a pale yellow Itquid (272 mg, 80%); uv A ,,,.,,: 234 (4.42); ir v ,,,.,,: 
2100, 1682, 1660. 1640; ' ~ m r  6: 9.39 ( IH,  s), 6.44(1H, t ,  J = 7 Hz), 
5.89 (1 H, bs). 2.7-2.22 (4H, m). 2.22 (3H, bs). 1.76 (3H, bs); ms 
m/e: 167 (M'. 0.2%. 166 (0.55'0). 149 (8%). 121 (13%). 110 (33%), 
82 (44%). 55 (100%). Anell. calcd. for CIIIHIIDOZ: C 71.83; found: 
C 71.39. 

I-Deutero-10-o.ro11ere11 (40) 
A solution of 38 ( I  14 mg, 0.67 mmol) in dichloromethane (8 mL) 

was treated with barium manganate ( 1  g) as above to afford the 
dialdehyde 40 as a pale yellow liquid (93 mg. 82%); uv A,,,.,,: 229 
(4.32). 235 sh (4.29); ir v ,,,.,,: 2100, 1681, 1662, 1638; 'Hmr 6: 9.40 
( IH,  s). 6.45 ( IH,  t, J = 7 Hz), 5.93 ( IH,  bs), 3.0-2.4(4H, m), 2.02 
(3H, bs), 1.75 (3H. bs); ms tnle: 167 (M', I%), 152 (3%). 149 (6%). 
138 (12%). 122 (14%). I09 (27%). 95 (630/0), 85 (66%), 82 (76%), 
55 (100%). 

I ,  I-Dider1tero-9,I0-tlih~~drox~~get-~11~ioI (41) 
A suspension of the (E)-phosphonium salt 23 (5.36 g, 9.1 mmol) 

in anhydrous tetrahydrofuran/hexamethylphosphoramide (30 niL/3 
mL) under a nitrogen atmosphere was treated with a 1.9 M solution of 
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'OL. 61. I C ) X i  

phcnyllitliium in cthcr/hcxanc (4.7 niL. 8.9 mmol). Aftcr stirring at 
ambicnt tcmpcraturc for 15 min the rcaction mixturc tvas coolcd to 
-78°C and trcatccl with a solution of the clitctraliydropyranyl ctlicr of 
I .3-dihyclroxyacctonc (2.3 g, 8.9 rnmol) in cthcr (3  niL). The rcaction 
mixture was allowed to warm to ambient tcnipcl.ature ~uicl stirrccl for 
a further 3 11. Pctrolcum cthcr (20 niL) was adclccl and the resultant 
rnixturc filtcrcd through a short column of silica gcl using pctrolcum 
cthcr/ctlicr as clucnt. Thc filtratc was conccntratcd irt l,oc,r~o and the 
rcsiduc was dissolved in methanol (230 mL) containing 11-toluene- 
sulfonic acid monohydrate (150 mg). Aftcr standing at ;uiibicnt tcm- 
pcraturc for 17 h. sociiurn hydroxide (50 mg) was atldcd and the 
solvent removed ill r.rrc.lro. The rcsiduc was cliromatographcd o n  silica 
gel using cthcr/mcthanol (20: 1 thcn 10: I )  as eluent to afford 41 as 
;I colorlcss oil (940 mg. 5 6 8 ) ;  ir v,,,,,,: 3340, 1005; ' H ~ n r  6: 5.47 ( l H. 
t .  J = 7 Hz), 5.30 ( IH,  bs). 4.22 (2H. s) .  4.14 (2H. s),  2.4-2.0 (4H. 
m).  1.66 (3H, bs). Arrrrl. calccl. for CIoHI<,DZO;: C 63.80: found: C 
63.75. 

I ,  I-Dir1e~rrer.o-9. IO-c l i l~~~t l ro . \ -~~~~er .o l  (42) 
A suspension of the (Z)-phosphonium salt 24 (3.4 g. 5.8 mmol) in 

anhydrous tctraliydrofuran/hcxamctliylpliospliora~iiidc (20 mL/2 niL) 
was tscatcd with phcnyllithiuni (3  mL of 1.9 IM solution. 5.7 mniol) 
21ncI the tctmhydropyranyl cthcr of 1.3-dihydroxyacctonc (1.5 g, 5.7 
mmol) as abovc to afford 42 as a colorless oil (680 nig. 63%): ir v,,,;,,: 
3340. 1008; ' ~ m r  6: 5.53 ( IH. t .  J = 7 Hz), 5.39 ( IH. bs), 4. I6 ( 2 .  
s ) ,  4.10 (2H, s) ,  2.2-1.9 (4H. m) ,  1.73 (3H. bs). 

0.rirlrrrio11 01.41 1~ir11 tt?n~~gtrtle.se rliositle 
A solution of 41 (100 mg. 0.53 rnmol) in tctrahydrofuran (14 rnL) 

at 0°C was trc21tcd with manganese dioxide ( I  g). Aftcr 30 niin at O°C 
the rcaction mixture was filtcrcd through Cclitc and the filtratc conccn- 
tratcd irr \~rrc,rro to afford 1 . 1  -didcutcro-9-0x0- 10-hydroxygcraniol 
(43).  contaminated with 12% of the 9-hydroxy- 10-0x0 isomer 45. as 
a palc ycllow liquid (72 mg. 72%); uv A,,,;,,: 233 (4.04); ir v ,,,;,,: 3368. 
1670; 'Hmr6: lO.10(1H.s).6.69 ( IH,  t ,  J = 7 Hz), 5.41 ( I H ,  bs), 
4.21 ( 2 H , s ) , 2 . 7 5 ( 2 H , q , J = 7 H z ) , 2 . 2 3 ( 2 H ,  t , J = 7  Hz), 1.67 
(3H. bs). 

O.\-itltrtiotr of 42 \t.itll rttotrgtrtre.se tlio.ritle 
A solution of 42 (150 mg, 0.81 nimol) in tctrahydrofuran (20 mL) 

at 0°C was treated with manganese tlioxitlc as abovc to afford 
I ,  I-didcutcro-9-0x0-10-hydroxyncrol(44). contaminated witli 14% of 
the 9-hydroxy-10-0x0 isorncr 46, as a palc ycllow liquid (98 nig, 
66%); L I ~  A ,,,.,,: 234 (4.01 ); ir v ,,,;,,: 3380, 1668; ' ~ m r  6: 10.02 ( IH,  
s). 6.70 (IH.  t ,  J = 7 Hz), 5.44 (IH,  bs). 4.19 (2H, bs), 2.71 (2H, 
q, J = 7 Hz), 2.32 (2H. t. J = 7 HZ). 1.73 (3H. bs). Atltrl. calcd. for 
Cl0HI4D2O2: C 64.49; found: C 63.94. 

/3-Keto.s~rlfb.\-itle 48 
A suspension of sodium hydridc (4 g of 50% NaH/niincral oil, 83 

mmol) in dimethyl sulfoxidc (80 niL) was heated at 70°C for I h, 
coolcd to ambient tcmpcraturc, and trcatcd with a solution of ethyl 
I .  I-dicthoxyacctatc (7 g, 39.8 mmol) in ctlicr (5 niL) at a dropwise 
rate over 2 h. The rcaction mixturc was stirred for a further 1 7  h. 
diluted with water (50 mL), and washcd with petroleum ether (3 X 50 
mL). The aqueous portion was made neutral with acetic acid (5 mL) 
and extracted with dichloromcthanc (4 X 50 mL). The conibincd 
dichloromethanc extract was dried (Na2S04) and the solvent rcmovcd 
irz I ~ U C L ~ O .  The residue was chromatographed on silica gel (250 g) using 
ethyl acctate/cthanol (100: 1 thcn 10: 1 )  as eluent to afford 48 as a 
yellow liquid (5 g, 60%); ir v ,,,.,,: 1729, 1 110; 'Hmr 6: 4.60 ( IH,  s), 
4.00 (2H. AB quartet), 3.6 (4H. m), 2.,67 (3H. s) ,  1.73 (6H, t ,  J = 
7 Hz). Ar~ul. calcd. for CxHl,04S: C 46.13. H 7.74. S 15.39; found: 
C 46.19. H 7.66, S 15.38. 

1 , l  .3.3-Terrrret/zo,r~~u~et011e (47) 
A suspension of red mercuric oxide (6.5 g, 0.03 niol) in ethanol (60 

mL) was treated with boron tritluoridc etheratc (3.6 mL, 0.03 rnol). 
Aftcr stirring for 5 min, a solution of 48 (4.4 g, 0.021 mol) in ether 
(5 mL) was added. Thc resultant mixture was heated at retlux for 45 

min, coolcd to ambicnt temperature, and stisrctl for a furthcr 2 11. 
Petroleum cthcr (50 mL) was adclccl ancl tlic mixture filtcrccl through 
Cclitc. The filtrate was washcd witli 1 iV soclium hyclroxiclc (4  X 50 
mL). The combincd aclucous portion was back-cxtractccl with pctro- 
Icurn ether (2  X 40 mL) ond the combincd organic portion dricd 
(Na2S04). 'l'lic solvcnt was rcmovcd ill r3nc.rio ant1 the rcsiduc distilled 
at 0.7 Torr to givc 50 ils a colorlcss liquid (3.5 g. 71%); bp 82°C at 
0.7 'l'orr: ir v ,,,,,,: 1763, 1070: ' ~ m r  6: 5.02 (2H. s) .  3.65 (XH, ni), 
1.24 (12H. t .  J = 7 Hz). 

Pl~o.sl)l~orri~~~rr sctlt 49 
A mixturc of the (E)-chloroalcoliol 27 (5.2 g. 34.6 rnrnol). triphc- 

nylphosphinc (9.2 g, 35.1 nimol). and soclium iodidc (6 g. 40 mmol) 
in acctonitrilc (80 mL) tvas licatcd at rctlux. After 30 h. tlic rcaction 
mixturc was coolcd to O°C. dilutcd witli clicliloromcthanc (60 niL). 
and filtered. The filtratc was conccntl.atccl ill \.trc.lro. trcatctl with cthcr 
( 100 mL). and allowcd to stantl until crystallization was complctc. The 
solid mass was pulvcrizcd, washcd witli ctlicr, rccrystallizcd from 
aqueous ethanol, and dricd irr lJtrc.lro at IOO°C to givc 49 as a whitc 
crystalline solid (14.4 g. 83%): mp 180- 181°C: 'Hmr 6: 7.8 (15H. 
m).  5.50 ( I H ,  bs), 3.48 (2H. ni). 2.28 (2H. t ,  J = 7 Hz), 1.8 (2H, 
m). 1.50 (3H, bs). AtrnI. (of nondcutcratcd analog) calcd. for 
C~5H~sIPO:  C 59.77. H 5.62, 1 25.26: found: C 59.91. H 5.62. 1 
25.32. 

Plros~~Iro~~ilrtt~ strlr 50 
A mixture of the (Z)-cliloroalcohol 28 (7.3 g, 48.5 mmol), triplic- 

nylphosphinc (13.1 g. 50 m~nol), and sodium iociidc (9 g, 60 mniol) 
in acctonitrilc ( I00 niL) was trcatcd as abovc to givc 50 as a whitc 
crystalline solid (20.3 g. 83%); nip 149-150°C; 'Hmr 6: 7.8 (15H, 
m). 5.59 (IH. bs). 3.57 (2H. ni). 2.44 (2H, t .  J = 7 Hz). 1.8 (2H. 
111). 1.49 (3H. bs). Atrrrl. calcd. for CZ5H2,,D21PO: C 59.53, 1 25.16; 
found: C 59.64, 1 25.22. 

I .  I-Llidc1rret~o-9,9.10, I O - t ~ t r . u e r l ~ o . r ~ ~ ~ ~ e t ~ u ~ ~ i o l  (51) 
A suspension of phosphonium salt 49 (2.2 g. 4.38 mrnol) in anliy- 

drous tctraliydrofulan/hcxiinictliylphospho~riiiclc (15 mL/I .5 mL) 
under a nitrogen atrnosphcrc was trcatcd witli a 2 M solution of 
n-butyllithiu~ii in 1icx:uic (4.4 mL. 8.8 rnmol). Aftcr stirring for 15 
niin at ambicnt tcmpcraturc tlic rcaction was coolcd to -78'C and 
trcatcd with a solution of I .  I .3,3-tctractlioxy:~cctonc ( I  g, 4.27 nimol) 
in ctlicr (2 mL). The rcaction was allowctl to warn1 to ambicnt tem- 
pcraturc and stirred for a furthcr 3 h. Water ( 5  drops) and pctrolcum 
ctlicr (20 mL) were added, and the resultant mixturc filtcrcd through 
Cclitc. The filtratc was conccntratcd it1 ltoc.rro and the rcsiduc chro- 
matographed on silica gel using cthcr/pctrolcum ctlicr ( I : I ) as clucnt 
to sivc 51 as a colorlcss liquid ( I  g, 7 1%): ir v,,,;,,: 3450, 1056: 'Hmr 
6: 5.79 ( IH,  t. J = 7 Hz), 5.40 i lH.  bs). 5.01 ( IH,  s). 4.77 (IH.  s ) ,  
4.0-3.3 (8H. m). 2.7-2.0 (4H. m) ,  1.67 (3H, bs). 1. I9 (12H. t ,  J 
= 7 HZ). 

I ,  1 -Dirlelrter.o-9.9,/0, lO - te r rc re t l~os~~r r~~ t~o l  (52) 
A suspension of phosphoniuni salt 50 (2.2 g. 4.38 nimol) in tc- 

trahydrofuran/licxarncthylphosphoramidc (15 mL/ I mL) was trcatcd 
with a 2 M solution of n-butyllithium in hcxanc (4.4 mL, 8.8 mniol) 
and a solution of I,  I .3.3-tctracthoxyacetone ( I  g. 4.27 mniol) in cthcr 
(2 mL) as abovc to afford 52 as a colorlcss oil (780 nig, 55%): ir v,,,.,,: 
3450, 1060; ' ~ m r 6 :  5.81 (IH,  t .  J = 7 Hz), 5.43 ( IH.  bs). 5 .00( lH,  
s), 4.78 (IH,  s), 4.0-3.3 (8H, ni), 2.6-2.0 (SH, m), 1.72 (3H, bs), 
1.18 (12H. t ,  J = 7 Hz). Arrrrl. calcd. forClsH21DZOi: C65.03: found: 
C 64.95. 

I-Derrrer0-9.9.10,lO-tetrrretl1o.r~~ge~1111i~1l (53) 
A solution of 51 (180 mg, 0.54 nirnol) in dichloromcthanc (15 mL) 

was treated with barium nianganate (1.7 g). The resultant suspension 
was stirred at ambicnt temperature for 3 days. filtered through Cclitc, 
and concentrated irl vnrllo. The residue was chrornatographcd on silica 
gel using cther/petrolcum cther ( I  : I )  as clucnt to givc 53 (86 mg. 
48%) as a colorlcss liquid: uv A ,,,,,,: 238 (4.06): ir v ,,,;,,: 2096, 1665, 
1064; 'Hmr(CC1,)S: 5 .74( lH,  bs), 5.53 (IH,  t , J  = 7 Hz),4.79 ( IH,  
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s). 4.53 ( IH.  s).  3.4 (8H, m). 2.8-2.1 (4H. m). 2.13 (3H. bs), 1.14 
(6H. t .  J = 7 Hz). I .  I 1  (6H, t. .I = 7 Hz). Alltrl. calcd. for Cl,H.,,D05: 
C 65.62: found: C 65.56. 

I-Dertto.o-9.9. /0,lO-tc~t1~tretl10.ry11c~1~trl (54) 
A solution of52 (200 rng, 0.60 nimol) in dichlororncthnnc (18 mL) 

was trcatctl with barium manganatc ( I  .9 g) as abovc to afford 54 as 
a colorless liquid (89 rng, 45%); LIV A ,,,,,,: 237 (4.07); ir v ,,,,,,: 2092, 
1663, 1062: IHrnr (CCIJ 6 :  5.74 (IH.  bs), 5.60 ( I H ,  t ,  J = 7 Hz), 
4.81 ( lH ,s ) .4 .56( lH ,s ) .3 .4 (8H.  m). 2.9-2.1 (4H. m), 1.95(3H, 
bs). 1.15 (6H, t. J = 7 Hz). 1.12 (6H. t .  J = 7 Hz). 
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