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Abstract-Three stereoisomers of 2,8dimethyl-1,7dioxaspiro[S,S]undecane were synthesized from ace.toacetic 
ester by utilizing its yeast reduction and dianion alkylation. 

SPIROACETALS have been isolated by Francke et al. as 
pheromones of several insect species.’ These include 
1,6dioxaspiro[4.4]nonanes A2.3, 1,6-dioxaspiro[4.5] 
decanes B?.5 and 1,7dioxaspiro[SS]undecanes C.3.6 
This evoked considerable interest among synthetic 
chemists to carry out syntheses of spiroacetals either as 
racemates*“” or as optically active forms.“-‘6 As to the 
six existing chiral syntheses, four of them”-‘4 are the 
preparations of optically active 2ethyl-l6diox- 
aspiro[4.4]nonane (chalcogran)? while the remaining 
two describe the syntheses of some 1,6dioxaspiro[4.5] 
decanes.‘5.‘6 Hitherto synthesized chiral spiroacetals are 
restricted to those with only one asymmetric carbon 
atom besides the Spiro carbon. In continuation of our 
own work on the chiral synthesis of chalcogran using 
dianion alkylation,‘* we report here a chiral synthesis of 
2,8dimethyl-1,7dioxaspiro[S.S]undecane 1 with two 
asymmetric C atoms besides the Spiro C atom. 

tpheromone Synthesis-XLVI. Part XLV, K. Moriand H. Ueda, 
Tetrahedron 37, 2581 (1981). 
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The mandibular gland secretion of Andrena bees plays 
an important role in the communication between the 
sexes. The main component in Andrena wilkella caught 
in Oland, Sweden, was identified as 1 by mass spectral 
comparison with a racemic reference compound.’ There 
are six stereoisomers for 1 as shown in Fig. 1, if we 
assume the two Me groups of 1 to prefer the equatorial 
positions which should be energetically more favorable. 
Two of them [(2S, 6S, 8S)-1 and (2R, 6R, 8R)-11, 
however, are unstable owing to the oxygen anomeric effect 
(uide infra). The syntiesis of the remaining stereoisomers 
[(2S,6R, 8$-l (2R, 6S, 8R)-1 and a racemic mixture of (2S, 
6S, 8R)-1 and (2R, 6R, 8S)-1) will be detailed below.” 

The chiral starting material in our synthesis was ethyl 
(S)-( t )-3-hydroxy-butanoate 2, which was readily 
obtainable in 92% optical purity by the reduction of ethyl 
acetoacetate with baker’s yeast.” Conversion of 2 into 
the (S)-tosylate 3b was carried out as described pre- 
viously.” The key iodide (.+I was obtained in 80.4% 
yield by treating (S)-3b with NaI in acetone in the 
presence of a small amount of NaHC03. 

The antipodal iodide (RJ-4 was prepared in the follow- 
ing manner. The alcohol (S)-3a was converted to the 
corresponding benzyl ether (S)-3c in 90.5% yield by 
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structure with a Cl-axis of symmetry. Both (2s. 6S, 8S)-1 
and (2S, 6R, 8.$)-l possess a &-axis of symmetry. In 
connection with their synthetic works on the antibiotic 
A23187, Evans et a/.” and Cresp et a1.24 synthesized 
crystalline 2,8-dialkyl-I ,7-dioxaspiro[S.S] undecanes and 
found them to possess structures similar to (2S, 6R, 
8S)-1 by X-ray crystallographic analyses.23.25 We there- 
fore assign R-configuration to C-6 of our (2S, 8S)-1. The 
oxygen anomeric effect seems to be operating to make 
(2S, 6S, 8$-l less stable than (2S, 6R, 8s)-1. Similarly 
(2R, IOR)- yielded (2R, 6S, 8R)-1, [a]g+51.7” (n- 
pentane), whose chromatographic and spectral data 
coincided with those of (2s. 6R, 8S)-1. Although the 
optical purities of (2s. 6R, 8S)-1 and (2R, 6S, 8R)-1 could 
not be determined directly, simple calculation suggested 
the optical purity of chemically pure (2s. 6R, 8S)-1 
prepared from (S)-4 should be 96*/(96*+4*)x 100 = 
99.8%. if the chiral center of 92% optically pure (S)-( t )- 
2 survived without any appreciable racemization during 
the synthetic sequence. 

The third stereoisomer of 1 was prepared from (2R, 
lOS)-6. In this case a homogeneous racemic mixture of 
(2S, 6S, 8R)-1 and (2R, 6R, 8S)-1 was obtained. The lack 
of a Cl-axis symmetry in this isomer was manifested by 
its eleven-line “C-NMR spectrum [S 18.9, 20.2, 22.3, 
22.6, 29.7, 33.1, 34.0. 36.9, 66.9 (C-C-O), 69.4 (C-C-O), 
98.3 (O-C-O)]. 

The comparison of the optically active (2S, 6R, 8S)-1 
with the racemate [SO% (2s. 6S, 8R)-1 t 50% (2R, 6R, 
8S)-I] revealed that the former is less polar than the 
latter, and they seemed to be separable by chromato- 
graphy. To test this possibility, (S)-5 was alkylated with 
(? )A to give (2RS, lOS)-6. This was converted to 1 as 
usual and the resulting stereoisomeric mixture was 
separated by silica gel chromatography to give (2S, 6R, 
8S)-I, [a]:” -51.0” (n-pentane), and the racemic mix- 
ture of (2S, 6S, 8R)-1 and (2R, 6R, 8S)-1, [a]? ?O.OO” 
(n-pentane). The optical purity of thus obtained (2S, 6R, 
8S)-1 should be 96% on the assumption that the 
configuration of the starting (S)-2 (92% optical purity) 
was retained throughout the synthesis. 

In conclusion all the energetically possible sterisomers 
of 2,8-dimethyl-1,7-dioxaspiro[5.5] undecane were syn- 
thesized. The optical resolution of the racemic mixture 
of (2S, 6S, 8R)-1 and (2R, 6R, 8S)-1 remains to be 
achieved.” 13.15.16 The biological activity of these 
spiroacetal stereoisomers will be reported in due course 
by Drs. W. Francke (Hamburg) and J. Tengii (Oland). 

EXPERIMENTAL 

All b.ps were uncorrected. IR spectra were determined as film 
on a Jasco A-102 spectrometer. NMR spectra were recorded at 
60MHz with TMS as an internal standard on a Hitachi R-24A 
spectrometer unless otherwise stated. Optical rotations were 
measured on A Jasco DIP4 polarimeter. GLC analyses were 
performed on a Yanaco GCG55OF gas chromatograph. 

Efhyl (S)-( + )-3-hydroxybufanoure 2. The following modified 
procedure gave optically purer 2 than the previously reported 
one.‘” Dry yeast (I8 g. Oriental Yeast Co., Ltd., containing 98.5% 
yeast and 1.5% sorbitan fatty acid ester) was dispersed 10 tap 
water (300 ml) at 30-33” and sucrose (48 g) was added 10 it. The 
flask was shaken at 30-33” for IO min. when brisk fermentation 
took place. Ethyl acetoacetate (3g) was added to the fermen- 
tation mixture and the shaking culture was continued for 4 hr. 
Then ether (50 ml) was added lo the fermentation broth and the 
mixture was filtered through Celite. Two batches of the fer- 
mentation broth were combined and extracted with ether 
(2OOml x 3). The ether soln was washed with water. dried 

(MgSO,) and concentrated IO give 5.5g of crude 2. This was 
distilled 10 give 4.5 g of 2, b.p. 80-85”/18 mm. This contained a 
small amount of the starting material. After chromatographic 
purification (Merck Kieselgel 60), 3.3g (54.3%) of (Sj-2 was 
obtained, b.p. 90-92”/20 mm, n;’ 1.4159; [a];’ + 37.6” (c = 1.57, 
CHCI& 

This was converted to the corresponding (S)-( - )-MTPA ester. 
Its GLC analvsis revealed the ootical ouritv of 2 to be 92%. GLC 
(Yanaco YHP 584OA. SF96CR.19 coiumn40 m x 0.28 mm at 70- 
220” (t3”lmin); Carrier gas, N2 at 1.0 kgIcm2): R, 54.07 min 
(%.O%) 54.23 min (4.0%). 

Ethyl (S)-3-hydroxybufanoate THP ether. The previous pro- 
cedure” was modified as follows. Pyridinium p-toluenesulfonate 
(200 mg) was added 10 a soln of dihydropyran (9.4 g) and 2 (IO g) 
in CHICI (100 ml). The mixture was stirred for 18 hr at 25-30”. 
washed with Na2COlaq and water. The aq layer was extracted 
with CH2C12. The combined CH2C12 soln was dried (MgSO,) and 
concentrated in vacua. The residue was distilled to give 14.Og 
(85.9%) of the THP ether, b.p. 8WW11.5 mm, vmlx 1730cm-‘; 6 
(CD(&) 1.25 (6H. m), 1.4-1.9 (6H, br), 2.5 (2H. m), 3.3-4.3 
(3 H, m), - 4.7 (I H). 

(.S)-l,3-Buronediol 3-THP ether (S)-3~. This was prepared ac- 
cording to the previous procedure’8 in 82.5% yield, b.p. 85- 
9OVl mm, II:’ 1.4511; [a];’ t26.0 (c = 1.69, CHCI,); MS: m/z 
I74 (M’, 20/c), I73 (M-l, 10%). 85 (base peak). 

(S)-I-lodo-3-butanol THP ether (SM. Nal (5.2g) and 
NaHCO, (3.0 g) were added to a soln of (S)-3b (7.6 g) in acetone 
(80 ml). The mixture was stirred at 25-30” for 24 hr. Then it was 
concentrated in UQCUO. The residue was diluted with water and 
extracted with C6H6. The C6H6 soln was washed with water, 
10% Na2S20J aq and water, dried (MgSO.) and concentrated in 
vacua. The residue was purified by chromatography (Merck 
Kieselgel 60) 10 give 5.3g (80.4%) of (S)-4, vrnll 2950 (s), 2870 
(m), I I30 (s), 1075 (s), 1020 (s), 990 (s) cm-‘; 6 - I.18 (3 H, m), 
1.3-1.7 (6 H, br.), 1.7-2.2 (2 H,m), 3.0-3.4 (2 H,m). 3.4-4.1 
(3 H, m), 4.65 (I H. br. s). This was employed for the next step 
without further purification. 

(S)-l,3-Bufanediol I-benzyl ether 3-THP ether (S)-3c. A soln of 
(Wa (4.0 a) in drv THF (20 ml) was added droowise to a stirred 
suspension-of SG NaH (i.6g) in dry THF (30 I$ at room temp. 
The mixture was stirred and heated under reflux for I hr. Then a 
soln of PhCH2CI (3.7 g) in dry THF (IO ml) was added dropwise 
lo the stirred and heated mixture at reflux temp. The mixture was 
stirred and heated under reflux for 4 hr after the addition. Then it 
was cooled, poured into ice-water and extracted with CIHh. The 
C6H6 soln was washed with sat Na,CO, aq and water, dried 
(MgSO,) and concentrated in umuo. The residue was distilled to 
give 5.5g (90.5%) of (S)-3c, b.p. l35-140”/1 mm, Y,,, 2925 (s). 
2850 (m), 1450 (m), 1360 (m), 1200 (m), I I IO (m). 1070 (s), 1020 
(s), 995 (s), 730 (m). 695 (m) cm-‘; 6 (CDCI,- I.15 OH, m), 
1.3-2.0 (8 H. br. m). 3.3-4.2 (5 H. m). 4.45 (2 H. s). -4.65 (I H. br. 
s). 7.25 i5 H, s). 

.,. 

(S)-( - )-l,3-Butanediol I-benzyl efher (S)-3d. 6N HCI (0.1 ml) 
was added lo a soln of (WC (5.5 g) in MeOH (lOOmI). The soln 
was stirred for 3 hr at room temp. Then it was mixed with sat 
Na2C0,aq (IO ml) and concentrated in uacuo to remove MeOH. 
The residue was diluted with water and extracted with ether. The 
ether soln was washed with water, dried (MgSO.) and concen- 
trated in vacua. The rsidue was distilled in uacuo 10 give 3.3g 
(88%) of (S)-3d, b.p. 98-102”/1.5 mn, n;’ 1.5025; [a];’ -2.12” 
(c = 1.13, CHCI,): Y,.% 3400 (m), 3020 (w), 2950 (m), 2920 (m), 
2850 (m), 1450 (m), 1360 (m), II30 (m), 1095 (s), 1025 
(m), 910 (m), 735 (m), 695 (m) cm-‘; 6 I.15 (3 H, d, J = 6 Hz), 1.70 
(ZH, dt, J, =6, J2=5.5 Hz). - 2.8 (I H, br. s), 3.60 (2 H, 1, 
J = 6 Hz), 3.95 (I H, m), 4.45 (2 H, s), 7.25 (5 H. s). Found: C, 
72.83; H, 8.93. Calc. for CIIH,6 02: C, 73.30; H. 8.95%. GLC of 
the (S)-(-)-MPTA ester of (S)-3d (Yanaco YHP 5840A gas 
chromatograph; Column: SF-96 CR-19, 40m x0.28 mm at 70- 
220” ( + 3”lmin); carrier gas, Nz at 1.0 kg/cm? R, 84.08 min. 

(R)-I.3-Bulonediol I-benzyl ether 3-benzoate (R)-k. A soln of 
EtO#ZN=NCO,E1(6.4 g) in dry THF (30 ml) was added dropwise 
to a stirred soln of (S)-3d (3.3g). Ph,P (9.64g) and PhCO*H 
(4.5 g) in dry THF (80 ml) maintaining the inner temp below 35”. 
After the addition the mixture was stirred overnight at room 
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MS: m/z 69 (56%), 97 (60%), 112 (55%), 114 (37%), II5 (loo%, 
base peak), I25 (12%). I40 (8%). 169 (7%), I84 (15% = hi+); GLC 
(Column. CF %-CRl9. 40 m x0.28 mm at 70-220” (t 3”lmin): 
&r&r gas, N2, l.0kg,&m2: RI 29.66 min (100% puhty): An;/: 
M’ = 184.1472 (C,,HmO*). 

A sterwisomeric t&ire of (2S, 6R, 8S)-, (2s. 6s. 8R)- and 
(2R. 6R. 8S)_l. The stereoisomeric mixture was oreoared in the 
same manner as described for (2S,6R, 8.QI sta;tin~ from 2.4g 
of (2RS, lOS)-6 to give 5OOmg (83%) of a crude 1. This was 
chromatographed over Merck Kieselgel 60 and eluted with n- 
pentane. The (ZS, 6R, 8S)-isomer (55mg) was eluted earlier, 
[alA’ -51.0’ (c = 1.35, n-pentane). The later fraction yielded a 
racemic mixture (70mg) of (2s. 6S, 8R)-1 and (2R, 6R, 8.9)-l, 
[a];’ 20.00” (c = 1.21, n-pentane). TLC (Merck Silica gel GF,,; 
n-hexane-THF IO: I) Rf 0.85 [(2S, 6R. 8S)-11; 0.70 [50% (2S, 6S, 
8R)-l + 50% (2R, 6R, 8S)-I]. 
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