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New optically active analogs of a-tocopherol (vitamin E) were synthesized starting from 
enantiomerically enriched (ee -~ 50%) (6)-(+)-dihydromyrcene. 

Key words: analogs of r (vitamin E), isoprenoid vinyl alcohols, 
(S)-(+)-3,7-dimethylocta-l,6-diene ((63-(+)-dihydromyrcene), (3S)-3,7-dimethyloct-6- 
en-2-one, (3S)-3,7-dimethyloctan-2-one. 

In recent years, considerable attention has been given 
to the synthesis o f  analogs of ct-tocopherol (vitamin E). I 
Compounds of  this series, prepared based on linalool or 
dihydrolinalool (these analogs are named C6-chromans 
from the number o f  carbon atoms in the side chain), 
were found to exhibit  high biological activity. 2 

We used bishomoisoprenoids  enantiomerically en- 
riched at the C(4) a tom,  viz., (3R/S,4S)-3A,8-trimethyl-  
non- l - en -3 -o l  and (3R/S.4S)-3,4,8-trimethylnona-l ,7-  
dien-3-ol,  as the start ing compounds for preparing new 
optically active analogs of  ct-tocopherol. The starting 
compounds were synthesized from readily accessible 3 
(S) - (+) -d ihydromyrcene  (1) (ee = 50%), which was 
converted into ( 3 S ) - ( + ) - 3 , 7 - d i m e t h y l o c t - 6 - e n - 2 - o n e  
(2). "1 Catalytic hydrogenat ion of the latter afforded satu- 
rated ketone 3 (Scheme I). The reactions of  ketones 2 

and 3 with vinylmagnesium bromide gave rise to the 
required vinyl alcohols 4 and 8, respectively (mixtures of 
diastereomers).  Their condensat ion  with t r imethyl-  
hydroquinone (TMHQ) in the presence of  BF3"OEt 2 
yielded mixtures of s tereoisomeric opt ical ly  active 
Cs-chromans 5 and 9 (erythro : threo = l : I, GLC data), 
respectively. Since the starting dihydromyrcene I is 
characterized by ee equal to ~50%, it is evident that the 
e~'thro and threo diastereomers of chromans 5 and 9 are 
enriched to the same extent with epimers with the S 
configuration at the C(I ') atom, 

The 13C NMR spectra of allyl alcohols 4 and 8 and 
chromans 5 and 9 have double sets of  signals for some 
carbon atoms, which is characteristic of  mixtures of  
diastereomers, s In the spectra of alcohols 4 and 8, the 
most pronounced difference in tile chemical shifts is 
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Reagents and conditions: a. O2/Cu2CI,-- PdCI2, DM F-- H:O; 
b. H2/Pd--C; c. CH2=CHMgBr, THF; d. TMHQ, BF 3 -PEt  2, 
n-CTHI6; e. TMHQ, Tseokar-10, n-C9H20: f Ac20; 
g. BnC1, K,CO 3, DMF: h. TMHQ, BF3-OEt  > Phil .  

observed for the  C(2)  a toms  (A,5 = 0.46 and  0.52, 
respectively).  In the spectra  o f  c h r o m a n s  5 and  9, the 
largest d i f ferences  are observed for the C(3)  (kS = 0.43 
and  0.51, respectively) and  C(2" )  a toms  (,58 = 0.97 and 
0.92, respectively).  The  methyl  g roups  at  the C ( I ' ) ,  
C(7) ,  and  C(8)  a toms  in sa tura ted  c h r o m a n  5 also give 
two signals each (AS = 0.49, 0.92. and  0.42, respec- 
tively), whereas  the dis t inct  d i f ferences  be tween  the 
d ias te reomers  o f  its acetyl (6) and  benzyl  (7) derivat ives 
are mani fes ted  on ly  in the chemica l  shifts o f  the  signals 
for the C(2" )  a tom (_,.,.,X6 = 0.82 a n d  0.91, respectively) 
and  the Me group  at posi t ion 7 (A,5 = 0.60 and  0.84, 

respect ively) .  The fact t ha t  the  tH N M R  spectra  o f  
c o m p o u n d s  5 - -7  have two double t s  with equal  in tens i -  
t ies,  w h i c h  cor respond to the  protons  of  the methy l  
g r o u p  at the C ( I ' )  a t o m  (6 0 .9- -1 .1) ,  indica tes  that  
t h e s e  c o m p o u n d s  ex is t  as e q u i m o l a r  m i x t u r e s  o f  
(2R, I "S)-eryrhro and (2,5, 1 "S)-threo dias tereomers .  

It shou ld  be noted t h a t  the  key stage in the  synthes is  
o f  C s - c h r o m a n s ,  viz., c o n d e n s a t i o n  of  T M H Q  with vinyl 
a l c o h o l s  4 and 8, ca ta lyzed by B F 3 - O E t  ? p roceeded  in 
71 and  33% yields, respect ively,  whereas  the yields 
o b t a i n e d  in this stage in the  presence of  o the r  Lewis 
ac ids  used by us (ZnCI  2 or  AIC13) were lower. We found  
t h a t  the yield of c h r o m a n  5 was increased to 93% in the 
p r e s e n c e  of  zeolite T s e o k a r -  10. Unfor tuna te ly ,  this  ca ta -  
lyst d id  not  allow us to ob ta in  c h r o m a n  9 in more  
a c c e p t a b l e  yield. 

Experimental  

The IR spectra were recorded on a Specord 75-IR spec- 
trometer (in thin layers). The UV spectra were measured on a 
Specord M-40 spectrometer in CHCI 3. The IH and 13C NMR 
spectra were obtained on Bruker AM-300 (300.13 and 75 MHz 
for ~H and 13C, respectively) and JeoI FX 900 (90 and 22.5 MHz 
for IH and 13C, respectively; for compounds 4 and 8) instru- 
ments in CDCI> The chemical shifts are given in the 8 scale 
relative to Me4Si (internal standard). The GLC analysis was 
carried out on a Chrom-5 chromatograph (a 2400x4-mm col- 
umn,  SE-30 (5%) as the stationary,' phase on Chromaton 
N - A W - D M C S .  the t empera tu re  range was 50--300 ~ 
(8 deg rain-I),  helium as the carrier gasl. HPLC was performed 
on an LKB liquid chromatograph (Sweden) equipped with a 
UV detector (~, = 249 nm) and a column with Separon-C18 as 
the adsorbent (125• mm~ 5 ~tm); the 87 : 13 MeOH--HeO 
system was used as the eluent (0.3 mL rain - t ,  20 ~ The 
specific angles of rotation were measured on a Perkin-- 
Elmer- 141 polarimeter. 

(3S)-3,7-Dimethyloclan-2-one (3). A mixture of ketone 2 
(3.65 g, 23.7 retool; 2 was prepared according to a procedure 
reported previously; /'1020 1.4470, [CtlD20 --5.8 ~ (C t.6, CHC13)), 
the 5% Pd--C catalyst (0.365 g), and MeOH (36.5 mL) was 
stirred under an atmosphere of hydrogen for 24 h. The catalyst 
was filtered off and the filtrate was concentrated in vocuo. 
Ketone 3 was obtained in a yield of 3.36 g (92.5%), nD -~~ 1.4350. 
[,aid 2~ -4 .7  ~ (e 3.5, CHCI3). Found (%J: C, 76.97; H, 12.S1. 
CIoH200. Calculated (%): C, 76.86; H, 12.90. IR, v/era- i :  
1710 (C=O). lH NMR, ,5:0.86 (d, 6 H, H(8), C(7)CH 3, 
J = 6.3 Hz); 1.08 (d, 3 H, C(3)CH 3, J = 7.0 Hz); 1.20--1.59 
(m, 7 H, H(4), H(5). H(6), H(7)); 2.13 (s, 3 H, H(1)); 2.38 (m, 
I H, H(3)). t3C NMR, ,5:15.78 (C(3)C_'H3); 22.18 (C(8), 
C(7)CH3); 24.59 (C(5)); 27.42 (C(7)); 27.60 (C(1)); 38.54 
(C(6)); 32.71 (C(4)); 46.71 (C(3)); 212.41 (C(2)). 

(3R/S,4S)-3,4,8-Trimethylnon-l-en-3-ois (4). A solution 
of ketone 3 (0.45 g, 2.92 retool) in THE (2 mL) was added m a 
solution of the Norman reagent, which was prepared from Mg 
chips (0.27 g, 11.3 retool) and vinyl bromide ( 1.22 g, 11.4 mrnol), 
in T H F  (7 mL) under Ar at -25 ~ The reaction mixture was 
stirred for 3 h and then treated with a saturated NH4CI solution 
(6 mL). The organic layer was separated and the aqueous layer 
was extracted with Et20. The combined organic layers were 
washed with a saturated solution of NaCI and dried with 
MgSO 4. The solvent was evaporated in vacuo. Alter chromatog- 
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raphy (SiO2, a 10 : I hexane--Et~O rnixture as the eluent), a 
mixture of alcohols 4 was obtained in a yield of 0.45 g (86%), 
nE~ 2~ 1.4486. [CtlDt~ --6.17 ~ (c 0.84. CHCIr). Found (%): 
C, 78.32; H, 13.20. CI2H:40. Calculated (%): C, 78.19; 
H. 13.13. IR, v /cm-I :  910, 995, 3090 (CH=CI-12L 1640 (C=C); 
3400 (OH). tH NMR, ~: 0.86 Id, 6 H, H(91, C(8)CH 3, 
J =  6.1 Hz); 0.90 id, 3 H, C(4)CH 3, . / =  6.1 Hz): 1.(14--1.65 
(m, S H, H(4), H(5), H(61, HI7L H(8))- 1.22 (s, 3 H, C(3)CHr); 
1.94 (s, I H, OH); 4.98~-5.29 Ira, 2 H, H!I));  5.91 (dd, I H. 
HI2), J = 17.6 and 11.8 Hz). ~3C NMR, ,5: 14.05, 14.24 
(C(4)CHr); 22.57 (C(8)_CH3); 22.89 ic ig)) ;  24.52 (C(611; 25.95 
/C(3)C_H3); 28.03 (C(8)); 31.41. 31.54 (C(5)): 39.34 ~C(70; 
43.11 (C(411; 75.57 (C(311; 112.11. 112.24 (C(1)); 144.17, 
144.63 (C(2)). 

2-( l" S,5"- Dimethylhexyl)-6-hydro xy- 2 R/ S,5, 7 ,8-tetra- 
methylehromans (5). .4.  BF3.OEt 2 (0.24 mL, 0.17 retool) was 
added with stirring to a suspension of T M H Q  (0.18 g, 
1.19 mmot) in anhydrous heptane (3 mL) under Ar at 98 ~ 
After 5 rain, a mixture of alcohols 4 (0.39 g, 2.11 mmolt was 
added dropwise. The reaction mixture was refluxcd with stimng 
for 12 h, cooled to -20 ~ and filtered. The filtrate ~s.as 
concentrated. The residue was chromatographed on a column 
with SiO2; elation was carried out first with n-he• and then 
with a I0 : I hexane--Et~O mixture. Chromans 5 were obtained 
in a yield of 0.27 g (71%). According to the HPLC data, these 
compounds existed as a mixture (I : 1) of the eo'rhro and 
threo diastereomers it = 25.2 and 28.8 rain, respectively). 
[CtlD t5 --1.67 ~ (c 2.0, CHCIr). Found (%): C. 79.35: H, 10.88. 
CzIH3.+O 2. Calculated (%): C, 7919; H, 10.76. UV, ).max/nm (~1: 
295 (39001. IH NMR, & 0.80--0 g8 tin, 6 H, 1t(6"), C(5")CH~I: 
0.90 I.d, 1.5 H, C ( i ' ) C H  3, J .= 6.7 Hz); 0.95 (d, 1.5 1't, 
C(I ' )CH~, J =  6.fi Hz); I.I1 (s, 3 H, C(2)CHr); 1.2--I.9 (m, 
t0 H, HI3), H(I "), H(2 ') ,  H(3').  H(4"), H(5 ' ) ) ;  2.10 is, 6 H. 
ARCH3); 2.15 (s, 3 H, ArCHr); 2.57 (t, 2 H, H(4), J = 6.7 Hz); 
425 (s, t H, OH). 13C NMR, & 11.35 (C(51C1-t31; 11.86. 12.28 
(C(8)CHr); 13.47, 14.39 (C(7)CHr): 19_45, 19.94 iC(I')_CHr); 
20.52, 20.60 (C(4)); 22.62 (C(6) ) :  22.80, 22.86 (C(2)C'H3): 
25.89, 25.97 (C(3")); 27.84, 27.97 (C(5")); 29.24, 29.67 (C(3)); 
30.69, 31.66 (C(2")); 39.29 (C(4")); 39.90 (C(1 ")); 77.15, 77.21 
(C(2)); 117.63 (C(5)); 118.45, 118.55 (C(10)); 121.04. 121.05 
(C(8)); 122.65 (C(7)); 144.49 (C(91); 145.35 (C(611. 

B. A mixture of alcohols 4 (0.7 g, 3.8 retool) was added 
dropwise (At. 150 ~ to a suspension of TMHQ (0.24 g, 
1.59 retool) and the powdered catalyst Tseokar-10 (0.52 g; a 
zeolite-containing aluminosilicate catalyst of cracking of petro- 
leum fractions; the Salavatnefteorgsintez Joint-Stock Company) 
in anhydrous n-nonane (7 mL). The reaction mixture was 
refluxed for 4 h, cooled to ~20 ~ and filtered. The filtrate was 
concentrated and the residue was chromatographed on SiO 2 as 
described above (experiment AL Chromans 5 were isolated in a 
yield of 0.47 g (93%). The resulting compounds were identical 
(the IR spectra and the IH and 13C NMR spectra) to those 
obtained in experiment A. 

6-Acetoxy-2- ( ! "S',5" -dimethy|hexyl)-2R/S,5,7,8-tetra- 
methylehromans (61~ A solution of a mixture of chromans 5 
(0.15 g, t0.47 retool) in Ac id  i0.15 mL) was refluxed for 3 h. 
cooled, poured into ice water (I0 mL), and extracted with 
Et20. The extract was successiveiy washed with saturated solu- 
tions of NaHCO 3 and NaCI. dried with MgSO 4, concentrated. 
and chromatographed (Side, hexane as the eluent). A I : I 
mixture of the e~thro and threo diastereomers of 6 IGLC data) 
was obtained in a yield of 0. t3 g (77%), ICtlD t4 --4.75 ~ (c 1.8, 
CHCI3). Found (%): C, 76.91; H, 10.20. C23H360 3. Calcu- 
lated (%): C, 76.62; H, 10.07. IR, v/era-I :  1740 (C=O). UV, 
~.rnaJnm Ca): 277 (1760), 286 (31001. tH NMR, ~5:0.83--0.92 
(m, 6 H, H(6"),  C ( 5 ' ) M e ) ;  0.95 (d, 1.5 H, C ( I ' ) M e ,  

J = 6.8 Hz); 1.05 (d, 1.5 H, C ( I ' ) C H  3. J = 6.7 Hz); 1.18 (s, 
3 H, C(2)CHr);  1.3-1.9 (m, 10 H, H(3), H ( I ' ) ,  H(2"),  H(3"L 
H(4"), H15')); 2.02 (s. 3 1.t. ArCHr'); 2.09 (s. 3 H, ArCHr): 
2.18 (s, 3 H, ArCHr); 2.39 (s, 3 H, O=CCHr); 2.60 (t, 2 H, 
H(4), J =  6.6 Hz). r3C NMR, ~';: 1185, 12.09 (C(8)_CHr): 12.9a 
(C(5)C_Hr); 1355, 14.15 iC(7)C__H3); 20.33.20.41 (C(4)); 20.56 
(C(I ')___Hr, O=C_C_Hr); 22.55 ~C(6')t; 22.78 (C(2)CHr): 25.85, 
25.90 (C(3'));  27.83, 27.92 (C(5')) ;  30.73, 31.55 (C(2)~;  31.91 
(C(3)); 39.25 1C(1"), C(4 ')) ;  77.67 (C(2)); t17.60 (C(10)); 
124.80, 124.86 (C(S)); 123.06 (C(51) 126.63 (C(71); 140.48 
IC(9)); 1-'19.20 (C(6)); 169.75 (C=O). 

6-Benzyloxy- 2-( i" S,5"-dimethylhexyl)- 2 R/ S,5, 7 ,8-tetra- 
methylchromans (7). Potassium carbonate (0.38 g) and then 
benzyl chloride (0.33 g, 2.9 retool) were added with stirring to a 
solution of a mixture of chromans 5 (0.33 g, 1.04 retool) in 
anhydrous DMF 121 roLL The reaction mixture was kept at 
-20 ~ for 38 h, poured onto ice, and extracted with Et,O. 
After standard treatment and flash chromatography (Si(-.)2; 
hexane as the eluent), a mixture of ethers 7 was obtained in a 
yield of 026 g (62%), [ct}o +5 -3.33 ~ (c 3.4, CHCI3). Found (%): 
C, 82.51; H, 9.72. C28H4002. Calculated (%): C, 82.30, H, 9.87. 
UV, krnax/nm (e): 270 {23001, 294 (4400). tH NMR, 8: 0.91-- 
1.02 ira, 6 H. H(6'), Ct5")CH3): 1.00 {d, 1.5 H, C ( I ' )CH 3, 
J = 6.8 Hz); 1.09 (d, 1.5 H, C(1 ' )CH 3, J = 6.8 Hz); 1.20 is, 
3 H, C(2)CHr); 1.3--2.0 (m, f0 H, ft(31. H(I '), H(2"), Ht3"), 
HI4"). H(5')); 2.20 is, 3 H, ARCH3); 2.25 (s, 3 H, ArCHr); 
2.30 (s, 3 H, ArCHr); 2.65 (t, 2 H, H(41, J = 6.8 Hz); 480 o's. 
2 H, OCH2); 7.36--7.56 (m, 5 H, C6H51. 13C NMR, 6: 11.82, 
11.95 (C(8)CCCH3); 12.61 (C(5)CC_Hr); 13.51, 14.35 iC(7)_C.H3); 
20.40, 2047 (C(41): 20.65, 20.74 (Cil  ")C'Hr); 22.52 (C(2)C_H 3, 
C(6 ' ) ) ;  25.80, 25.90 (C(3 ')); 27.75.27.90 (C(5')i;  30.67, 31.58 
(C(2")); 39.16. 3921 (C(I ' ) ) ;  39.91, 40.03 (C(4")); 74.66 
(Ph--CH2); 77.43 (C(211; 117.~1 ~C/10)); 122.93 (C(5)); 125.79 
(C(8)); 125.87 (C(711:127.64 (C(2"), C(4"), C(6")L 128.41 
(C(3"), C(5")); 138.03 (C(9)}: 147_75 (C(I")); 148.09 (C(6)) 

(3g/S,4S)-3,4,8-Trimethylnona-l,7-dien-3-ols (8). A mix- 
ture of alcohols 8 was prepared as described above by the 
reaction of ketone 2 (3.0 g, I9.5 retool) with the Norman 
reagent, which ,has synthesized from Mg (1.8 g. 75 retool) and 
vinyl bromide (8.05 g, 75.2 retool) in THF (26 mL). in a yield 
of 3.0 g (85%), no 2~ 1.6350, [a}D 13 -7.8 ~ (c 6.9, CHCIr). 
Found (%): C, 7933, H, 12.29. CI2H220. Calculated (%): 
C, 79.06: H, 12.16. IR, v /cm-t :  905, 995. 3080 (CH=CH?I;  
1630 (C=C); 3400 (OH). ~H NMR, 6 : 0 9 0  (d, 3 H, C(4)CH 3, 
J = 6.8 Hz); 1.23 (s. 3 H, C~3)CHr): 1.02--1.97 (m, 5 H, H(41. 
H(5), H(6)); 1.59 (s, 3 H, H(9)); 1.67 (s. 3 H, C(8)CHr); 
4.99--5.29 (m. 2 H. H(I)): 5.59 (m, 1 H. H(711; 5.92 (dd, I H. 
H(2), J = 17.3 and 11.0 Hz). ~3C NMR, 6: 13.82, 14.15 
(C(4)CHr); 17.73 (C(8)CHr); 24.88 (C(911; 25.73 (C(3)C__H3); 
26.51 (C(6)): 31.38, 31.58 (C(5)); 42.57, 42.70 (C(41); 75.73 
(C(311; 112.15. 112.35 (C(I));  124.70 (C(711; 131.27, 131.40 
iC(8)); 144.08, 144.60 (C(21). 

2-( l'S,5'-Dimethyl-4-hexen- l-yl)-6-hyflroxy-2R/S,5,7,8- 
tetramethylehromans (9). A mixture of alcohols 8 (3.1 g, 
17.05 mmol) was added dropwise to a stirred solution of TMHQ 
(11.3 g, 8.53 retool) and BF3-OEt.+ 10.25 mL) in anhydrous 
benzene (38 mL) at the boiling temperature under At. The 
reaction mixture was refluxed for 3 h, cooled to -20 ~ 
successi,,ely washed with water and saturated solutions of 
NaHCO 3 and NaCI, dried with MgSO4, and concentrated. The 
residue was chromatographed on SiO 2 ia 10 : I n-hexane--Et20 
mixture as the eluent). A mixture of chromans 9 was obtained in 
a yield of 0.9 g (33%), [u.]o I'+ -2 .0  ~ (c 3.4, CHCI3). Found (%): 
C, 79.52, H, 10.02. C2tH3202. Calculated (%): C, 79.70: 
H, 10.19. UV, Lmax/nm {~): 296 (3800). IH NMR, 6:1.02--1.95 
(m, 7 H, H(I "), H(2'), H(3")); 1.15 is, C(2)CH3); 1.63 (s, 3 H, 
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HI6")); 1.70 (s, 3 H, C(5")CH3); 2.12 (s, 3 H. ARCH3); 2.13 (s, 
3 H, ARCH3); 2.17 (s, 3 H. ArCH3); 2.58 (t. 2 H, Hf4L 
J = 68 Hzl: 4.55 (s. I H, OH): 5 10 (m, I H, H(4"I). 
t;C NMR,& 11.17 (C(5)CI-t3); 11.69, 11.88 (C(8)_C_H3): 12.14. 
12.18 (C(7)C__H31; 15.74 (C(5'JCH3): 17.88 (C(I ")..C_H~): 19.33, 
19.79 (CI2)_C1-t3); 20.94 (C(4)); 25.48, 25.59 (C(6"))" 26.41 
(C(3")); 29.12, 29.63 (C(3)); 30.76. 31.68 (C(2")); 38.80.39.12 
tC(I ' I) :  77.00 (C(2)): 117.41 (C15)): 118.54, 118.66 (C(10)); 
121.24 (C(8)); 122.41 (C(7)): 124.66, 124.80 (C(4")): 131.07, 
t31.36 (C(5")), 144.51 1C(9)): 145.75 (C(6)). 
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