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ABSTRACT . TMO independent bynthebeb 06 cnanlZiomckica&&y puAC (31,7RI -J,7, I I-l&i- 
mclhyCdodecan-I-ol [Sal, the C tocophcho; ride chak, aae dcbc&ibed. 80th aracZion 
bCqUCnCtb btaht ~4ar~R)-ciZ~o~~L~o&, obtained by baLr&'b yeart ktducUon 04 gcaa- 
nioL. One b&ttiCgu ir babed on the coupUlr@ brXtwcrn I&?)-c.itionrUyf bhoaidc and (I 
C opCLcaU 

t&la&, 
aot+vc unit dutiucd d&on chcnicaf dcg&adaUon 04 .thc common btaating 

t I t oLheR one Ubtb an l CkLaaL i.bopkenic unit and a c buLLding b.fock 

conZaining two abyrnetiic caabon &orb gtntkticd by michobiaf &Icfionb. 

In recent ysarm much attontlon has been paid to the efficient l ynthemlo of the 

natural form of vltamln E, i.e. (2R,I'R,8'R)-a-tocopherol (l-1, whore framework has 

ken built up via the C-C bond formation betveen an optically active chroaan ml- - 
sty and a chlral acyclic terpene chain'. Rstromynthetlcally, the two strateqlee 

employed in the l ynthomaa were baood on the C-C bond dlmconnectlonm 'a* and "b" 

depictad in formula 1. In the forwr2, a C -chromane unit3 

2b*4j'C,S-chrornaneS 

1s coupled wlth a C,s- 

elda chain l ynthon, while in the latter and a C,,-nlde chain 

building blwkm are united. The homloqoum optically active alcohol@ 2 or 2,b arm 

key lntarmedlatam in all the above rnentlonod l ynthemea. 

1 

t Part 2 of the l erlem l Hicroblal-medlatod l ynthemem of EPC”. For Part 1 l ma rmf.8. 

6487 
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Although they can be obtained by degradation of naturally occurring (7R,llR)- 

phyto12a*'a, both have been medo acceselble by eyntheala aa well. Many route8 to 

%6 and s7 have been reported by varloue groupa. 
Becauao of continuing lntereat in the develo-nt of l fflclent atereocontrolled 

routes to l,S-dlmethylated acyclic chlrona 6f,8,9 , in the present paper we wlah to 
deacrlbe two alternative methoda for preparing (3R,7R)-3,7,11-trlmethyldodecan-l-01 

(hexahydrofarneeol, 2_a) in enantlomerically pure form. 

The first strategy atema from the posalblllty to uae CR)-cltronellol (82, 0.8.~ 

98#) produced by yeaat reduction of geranlol (~)8'ro, ae the only nource of chlra- 

llty center6 (Scheme, path A)1 our plan envlaaged the C-3 aayucoetrlc carbon atorp in 

22 aa arlalng from the five-carbon chlron 32, vhtch repreaenta a veraatlle blfunc- 

tlonal C5-building block for the l yntheala of many natural producta. Coupling 

between tbla C5-unit, prepared by degradation of cttronellol (821, and the C,O-unlt 

(9), obtafwd by hydrogenation of the aam atartlng material, would give 2 la 

dlaaterecxnerically and enantlomerlcally pure fozm. 

Lf was prepared from 8," by a aeven step procedure: acetylatlon to %!, oxldatlve 

osonolyela (03' Jonea reagent) to glve the acid 2, docarboxylatlon (Pb(OAc),, cat. 

Cu(OAc12) to the olefln 2, changing of the protective group WONa/l4eOHr ethyl 

vinyl ether in W3C02~), reductive otonolyala (03; NaBH,) of z and finally toeyla- 

tlon (overall yield 201 from 5). 

4,b waa prepared by catalytic hydrogenation of (RI-cltronollol double bond and 

subsequent bromlnatlon of the dlhydro derivative (42) with N-bromoaucclniralde and 

PPh3. The corresponding arlgnard reagent vaa treated in tetrahydrofuran with the 

toeylate 3,f to give 22, uhlch, after acidic hydrolyala, afforded 5 ln 75% yield. 

The dlaatereoroerlc purlty (d.e.>95t) of 2," vaa checked by '3C-NHR analyela at hlgh 

field (75.47 l$iix). (A lrl dlaatereo-meric mirture of the product was uaed aa refer- 
ence?). Dlaatereomerlc exceaa is lndlcatlve of enantlauerlc exceaa ln that they 

are equally dependent on the e.e. of atartlng 82. 

Our second synthetic plan to 2," was baaed on the uae of an enanttozoerlcally pure 

1,5-dfaethylated C,O-unlt, I.e. S_b, as key intermediate. Really, this is readily 

available via enantloaelectlve microbial hydrogenation of both the double bonda of - 
geranlol (21, aa outlined retroaynthetlcally in the Scheme (path B)*. Sequential 

reduction-activation-reduction of the methyl aubatltuted C-C bonda of 2 (i.e. 2-2 

-72 -7_b -52) allows a C, o compound to be obtained having two l aally dlatlngulah- 

able end functlona. Thla feature makes it suitable for insertion in terpene skel- 

eton. 

Thus, 5_a8 vaa toaylated and then coupled with an achlral C5-unlt (21, 1.0. 

(i-Am)2CuLl, giving rise to 2 (e.0. @1008) in 148 yield calculated from (RI-cltro- 

nellol aa l tartlng material. 

' A lrl dlaatoreonerlc mixture of (RS) - and (SRI-hexahydrofarneaol was prepared 

by coupling (i-Aa)2CuLl with the toaylate of (2RS,6BS)- and (2Rs,6SR)-dimethyl-8- 

acetoxyoctan-l-01 (see for&a 5&,b,' ae doacrlbed in the experimental part for the 

l ynthoala of optically active 2," (path B). 
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3: R-H 2J: R-CH(h)OEt 

3 
2 R-AC X=CH2CD*H 

b R=k x= 43 2 
c_ R=H x- =CM 

2 
L R=CH(He)Oft x= 434 

2 
l R=CH(k)OEt X=oH 

J R=CH()(a)OEt x-01s 

SCHEME 



6690 P. GMMA~CA r: al 

EXPERIMENTAL 

IR spectra ware recorded on a Perkln-Elmer 681 l pectrophotometer. 1 
H-NMR l pee- 

tra were obtained on a twukot UP80 SY. T3C-t@4R spectra were recorded on a Bruker 
CXP 300 operating at 75.47 MHz. Chemical shlfte are reported in 6 from internal 
Me si. 

t 
Optical rotations were meaeurad in a 1.0 dm cell on a Psrkln-Elmer Mod.1 

24 polar-tar. US spectra vera recorded on a Varlan IUT 112 mans epectrolluter. 
TLC ware carried out on silica gel Merck 60 F254 plates, normally uelng hexans- 
ethyl acetate am eluent. Plaeh column chromatography was performed on silica go1 
Xerck 60 (230-400 mesh). Baker'8 yeast vae 'Dirtlllcrle Itallane. brand from Erl- 
danla (San Qulrlco-Tracasall (Pat-ma, Italy)). 'Usual work-up' meane that the reac- 
tion mixture was treated with water and CHC13 or ether, the organic layer washed 
vlth water and brlne, dried (HgSO4), and evaporated under vacuum. 

JR!-(+)-Cltronellol (2). kp van prepared as reported 1; ref.8 (25t yield): [a]b5- 
5 1' (-3, CRCl3); l .e.>98a by lH-N?!R analyelp with Eu(tfc)3. 

(R)-(+)-Cltronellyl acetate (3). 8i (2.3 g, 14.7 mmol) in dry pyrldlne (5 ml) vae 
acetylated vlth A~20 (4 5 ml) at roo(p temperature overnight. Usual 
dietlllatlon of the crude product gave pure @ 
(c-9.5, CHCl3)1 IR and ~H-NMR data as in ref.ll. 
C, 72.63; H, 11.10. Found: C, 72.54; H, 10.97. 

(RI-(+I-6-Acetoxy-l-met hexanolc acid ( a) 
BOI yield): 
1H-NMR data ac 

a 6'1 +2. 
was prepared ae reported in ref.11 

( 21 7 
n tef.11. MSc$es(~elative lnt&eltyir 171 (Mi-Oh, 1.4) 

CHC13Fl;t3Q1 +2 61' (c-3 52 CHCL3). IR an$ 
, 170 (n - 

H 0, 
a 

1.51, 146 (2.1), 143 (2.81, 138 (34.31, 129 (44.81, 128 (98.31, 115 (46.91, 
1 0 (71.31, 
H, 0.67. 

87 (100). Anal. Calcd for CgH1604r C, 57.43; H, 8.57. Pound: .C, 57.19; 

(Sl-(+I-3-Methyl-4-pntenyl acetate 

ia:a a: 
1 Id) a]6'= +19.6" ( 5 3 . C HCl 

(&).,p was prepared as reported in ref.11 (65t 
3) lit. +19.9 

n ref.11. 
(c-1.18, CHCl3); IR and H-NMR 

Anal:-Calid for CeH14O2: C, 67.57: H, 9.92. Found: C, 67.381 A, 
9.83. 

enten-l-01 (3C) 
b (ci3.39,-CHil% r::.p 

repared an reported in ref.11 (85t 
1 +29.22' (c-1.54, CHC~~); IR and 1~ 

&R dataLa&-in ref.11. 
H, 11.85. 

Anal. Calcd fo; CgH120t C, 71.95; H, 12.08. F&ndr C, 71.68: 

(S)-(+)-l-(1 '-Ethoxy)ethoxy-3-methyl-4-pentene (39). & (151 mg, 1.51 mmol) in 
ethyl vinyl ether (distilled over K2COa: 5 1) van stirred overnight under nitrogen 
with CF3CO2H (0.01 ml) at O'C. After 3 atmrown temperature trlethylamlne (0.01 ml) 
vae added and the mixture etirred for 30'. Ueual work-up and purlflcatlon 
chromatography (hexane:ethyl acetate 9rl) gave pure 29 (182 mg, 7Ot 
+ll.S' (c-0.63, CHC13); IR (liquid fllm)r 3080, 2980, 1840, 1640 cm -1 

(CDCl3) 6 1.03 (3H, d, J-7 Hz, CHJCH), 1.21 (3H, t, J-7 Hz, CH CH 01, 1.30 (3H, d, 
J-5.5 itz, OCH(Cit3)0), 1.60 (ZH, at, J-J'-7 Hz, CHCiI2CH201, 2.d (fH , m, CH CH(CH3) 
CH-1, 3.65 (2H, m, CH2CE20), 3.65 (2H, q, J-7 HZ, W2CH3), 4.70 (lH, q, Jo .J HZ, 8 
OCH(CH3)0), 4.95 (ZH, m, CH -1, 5.70 (lH, m, CH-I. 
69.72; H, 11.10. Found: %, f 

Anal. Calcd for CjOH2002' C, 
9.38: H, 11.58. 

(S)-(+I-4-(1 '-Ethoxy) ethoxy-2-methylbutan-l-01 (a). 03 In oxygen was bubbled,lnto 
a cooled solution of M (100 . 1) in dry methanol (9 ml) at -50°C until 
eaturatlon (blue co&). To zie solu=n of the ozonlde, purged with a etream of 
nitrogen to remove the excess ozone, NaBH4 (150 mg, 3.97 ma011 van added portlonvlee 
at -5“C vlth stirring. After 4h the eolvent vae dletllled in vacua, the residue van 
treated with a saturated NH4Cl solution and extracted with ether. Uaual work-up 
gave a crude product vhlch vae purlf 
ate 4:l) (a, 81 mg, 808 yield): [a] 
3600-3000 cm-l, lH-NMR (CDC13) 6 0.9 a 

fd by flash chromatography (hexanerethyl acet- 
- +3.2' (c-2.19, CHCl ), IR (liquid fllm)r 

CH3CH20), 
(3H, d, J-7 Hz, CIi3CH 7 , 1.20 (3H, t, J-7 Hz, 

1.30 (3H, d, J-5.5 Hz, WH(Ctl3)0), 
tiQCI&H) , 

1.65 (3H, m, CR2CH(CH3)CH2 and 
2.35 (lH, 8, OH), 3.60 (6H, m, 3 CH20), 4.71 (lH, q, J-5.5 Hz, 

DCz(CH3)O). Anal. Calcd for CgH2003: C, 61.33r H, 11.44. Foundr C, 61.02; H, 11.29. 

(S)-4-(1 '-Ethoxy)ethoxy-2-methylbutyl tosylate ( (183 mg, 1.04 mm011 in dry 
pyridi (1 1) d 4 N N-dim tb 1 1 ) was olovly added to a Sol- 
ution EF p-TtCl ?:50 k: 1.3 ~:)?nn~~~rCH~Cl~ (10 ml) at -5*C. The mixture va8 
stirred ai -S°C for 2h-and at room tempe;atu;e overnight. Usual work-up gave crude 

B 
which vae directly used for the next otep (308 mg, 908 yield): IR (llquld film): 
00, 1660, 1600, 1360, 1170 cm-lt 1 

1.18 (3H, t, J-7 Hz, CHJCH~O), 
H-NMR (CDCl ) 6 0.96 (3H, d, J-7 Hz, CHJCH), 

1.25 (3H, d, J-5.5 Hz, OCH(CtiJ)O), 1.55 (ZH, 2q, 
CHCtl2CH20), 1.96 (Iii, m, CH2CH(CH3)CH2), 2.45 (3H, e, C 
3.5 (ZH, q, J-7 Hz, CH2CH3). 3.9 (ZH, Zd, J-5.5 Hz, 8:; : 

3.5 (2H, m, CH2CH201, 
CH2 4.7 (lH, q, J-5.5 Hz, 

DCH(CH3)0), 7.2 (2H, a, J-8.2 Hz, 2 Ar ortho to CH3),-7.8 (2H, d, J-8.2 Hz, 2 Ar 
ortho to SO3R). 

(R)- (+I-3,7-Dlmethyl-octan-l-01 (4al. (RI-Cltronellol (5.55 g, 0.0356 mol) in ethyl 
acetate (390 ml) vas hvdrwenated%er PtO> Adams (840 mu) with stirring for 2h. 
Pt was filtered and th; eoivent eva ated-ln vacua; dle~lllatlon (108'c, ?O mmHg) 

(c-1.48, CHCl3) lit. +4.29 /c-5, 
fllmm): 3600-3100, 2960 cm- J H-m 

(CDC13) 6 0.87 and 0.90 (9H, Zd, J-6 Hz, 3 CH3), 1.45 (llH, m, 4 CH2, 2 CH and OH), 
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3.68 (2H, d, J-6.2 Hz, CH20); IIS m/e (retitive Intensity): 140 W-H 0, 1),41 ( 
Anal. Calcd for ClOH220: C, 75.88~ H, 14.01. Pound8 C, 75.621 H, 13. a 8. 

100). 

~i$o,89 (9e, 2d, J-6 Rx, 3cI1 ), 1.1-1.4 (611, ID, 3CH2), 1.5-2.2 (48, a, hl2 and 
, 3.54 (2H, It, J-7.2 Er, SE 2Br). 

Found; C, 54.57: H, 9.32. 
Anal. Calcd for CfOR2lBr: C, 54.30) II, 9.54. 

(3R,7R)-(+)-l-~1'-Etboxy)ethoxy-3,7,11-trIaathyldodccane (51. A solution of the 
Crlqnard reagent was ptaparod from fi (1 33 . q, 6.03 aroZ) and mgnealum turninqa 
(177.8 mq, 7.31 1ro1) in dry TXP (12 ml) accordlnq l tandud procedure4b . To a 
atlrrlnq solution of (696.3 mg, 2.11 ~101) in dry T&D (15 ml), cooled at -78'C 
and under nltrogan, Crlgnard aolutlon (5.5 ml, 0.5 M) vaa added dropwlae fol- 
lowed by a 0.1 ?I solution of LI CuC14 
was stirred at -78'C for lo', ti 

In dry TW (0.3 nl).'The re8ulting mixture 
en at O*C for Zh, and finally at room temperature 

for 10h. The reaction mixture was treated with a saturated molutlon of NH4Cl (00 ml) 
and the product isolated by extraction with ether in the uaual manner. Flash chro- 
matography of the crude product (hexanerethyl acetate 95:s) afforded pure 
751 yield): [o]b5- +2.6O (~-3.32, CHCl ), IR (llguld film): 2960, 2925, 
cm-l, 'H-NM (CDCl3) 6 0.85 (12H, d, J-3 Hx, rca31, 1.20 (38, t, 517 Hz, C3CH20), 
1.30 (3H, d, J-5.5 Hz, UCH(C~)O), 1.10-1.60 (m, 7CH2 and 3CH), 3.50 (4H, ICI, 2CH201, 
4.66 (lH, q, J-5.5 HE, OCE(CH3)O). 
Found: C, 76.21; H, 13.31. 

Anal. Calcd for ClgIi4002: C, 75.94; H, 13.42. 

(3R,7R)-I+)-3,7,11-Trlmetbyldodecan-l-01 (3) (Path A). A stirred solution of & 
R66 mg, 0.87 mnol) In dry THF (10 ml) was treated with 0.5 N HCl (20 ml) at room 
temperature for 6h. 
(195 mg, 98% yield): 

(waahlng with 58 NaHCO3 solution) gave pure 2 
- +3.5S" (c=1.075, CHCl ) lit. +3.49' 

+3.50° (C-2.19, octan) I IR (liquid film) I 334 8 
(c-0 98, CHCl+" 

, 2960, 2870 CIA-lt iH-NJM (CDc13; 
0.83, 0.86 and 0.90 (12H, 3d, J-5.3 Hx, 4CH3), 1.0-1.8 (18H, 
3.65 (21, t, J-6.6 Hz, CH 0)~ 
and 22.69 (q) (CH3(12,13) , f 

13C-NMR KDCl 1 6 19.76. (q, CH 

29.70. 
24.42 (t) and 2 .81 (t) (CR2(5,9) 1 

(d) and 32.86. (d) (CH(3,7)), 37.36' (t), 37.45 (t) and 37.59. t) 
6,8)), 39.46 (t, CH 

(CM2 (4, 

with an asterisk In 3 
(lo)), 40.13. (t, CH2(2)), 61.29 (t, CH2(1)). The 14 C-NHR peaks 
icate those dlagnoatlc for dfastereolwrlc dlatlnctionr diaste- 

reomerlc purity > 95u. WS m/e (relative intensity): 210 (J4+-H20, 4.04), 182 (11.11, 
140 (39.4), 112 (loo), 70 (96.9). Anal. Calcd for C15H32Or C, 78.951 H, 14.04. 
Found: C, 78.80; H, 13.95. 

jZS.6R)-(-)-:,~-DFm~~l-Bl:c~~~~~~n-l-ol Cq). a was prepared as reported in 
ref. 8 (194 i Id f (R) I 11 1) (d.e.>9 a, e.e.@1008). 

(2S,6R)-(+)-2,6-DImethyl-B-ao&oxyoctyl 
treated with -TeCl (2 33 72 27 mwl) 
work-up with !cIdlc wa;h& (ail. 

(1.9 a, 8.86 ranol) vas 
at 0 C overnight. Usual 

HCl) gave a crude product which was flash chro- 
raphed (benzene:ethyl acetate 3:l) to afford pure (3.02 q, 926 yield): 

lH-NI¶R (c-4.36, (CDCl CHC13); ) IR (liquid film): 2960, 70, 1740. 1600, 1450, 1360 
6 0.9 (6H, d, J-5.3 HE, 2CH3), (3H, s, CH3CO 3 2.4 l-O-1.8 (10 H, m, 4CH2 and 

2CH), 
2.0 

, 
(3H, 

8, 
CH2Vrs)r 

CIl3Ar), 
3.8 (2H, dd, J-5.3 Hz, 5'11.3 Hz, 

4.05 (ZH, t, 596.6 Hz, CH>OAc), 7.30 (21, dd. J-7.9 Hr. 5'02.6 Hz. 2 Ar 
ortho to CH31, 
sity)* 370 (n+, 

7.80 ( ZH, d, J=7,3 Hz, 2 Ar orthb to.SO3R); HS.m/e (relative Inten- 
43.31, 328 (1.71, 215 (101, 199 (46.7). 173 (96.71. 155 (100). 

Anal. Calcd for ClgH3@5S: C, 61.62: H, 8.11. Found: C; 61.87; H,.j.97. 

(3R,7R)-(+)-3,7,11-Trimethyldodecan-l-01 ( ) (Path B). 
ether (25 1) was prepared from L--r (3. P 

A solution of i-AmLI in dry 
g) and Ll (537 mg) at -15'C. 

15 ml of f&e solution (7.1 mrol) was added to a vigorously stirred and cooled sus- 
pension of CuI (335 mq, 1.76 mtol) in dry ether (10 ml) at 
dark solution. 3 (137.4 mq, 

-35'C under nitrogen till 

to the i-Am2CuLl solution at 
0.37 nmol) In dry ether (10 ml) was then added dropwise 
-35'C. The temperature was rained to -15°C for 2h. 

The reaction was quenched by addition of saturated NH4Cl aqueous solution and the 
product extracted vlth ether. Usual work-up gave a residue, which was flash c r - 
toqraghed (hexanerethyl acetate 411) to afford pure 
+3.58 (c-3.075, CHCl3): dlastereomeric purity ) 958 

% (73.7 mg, 808 yield): IaF- 
y C-NMR analysis. 
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