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Abstract—Some geminal dimethyl-substituted functionalizeg-sgnthons were prepared on the basis of
(3)-pantolactone.

2-Hydroxy-3,3-dimethyl-4-butanolide I,( panto- with opening of the lactone ring. The reaction was
lactone) [1, 2] is commercially available in the accompanied by formation of epoxy derivativél
enantiomerically pure forms. It possesses a structurgbcheme 1).
fragment with geminal methyl groups which make it

promising for synthesis of macrolide compounds Scheme 1.

exhibiting antitumor activity, such as Acutiphycin, 0SOM

Epothilones A and B, etc. [$]. We have studied 2 NaBH,, McOH ()

some transformations of racemic pantolactanenth 0 0°C, 76% OH
the goal of obtaining linear £synthonslil which 0 0SO,Me

contain various protective groups and are suitable for
subsequent chemoselective transformations.
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Initially, using standard procedures, we synthesized
pantolactone derivatives with protected hydroxy o .o ethanesulfonafél can be converted into

group, in particular methanesulfonatd , methoxy- - : O/ vy - ;
methyl etherlV, and tetrahydrofuryl etheV. In the epeoéﬁ?\égr#Boi?]g‘)/?lﬂe(l:gnb%éhjsggt;gne?({eﬁog;?bon
next stage we examined reactions of some protected 5in ot hoth ends through nucleophilic opening of
pantolactone derivatives with metal hydrides. Ofpe oxirane ring YIl —IX) or transformation into
treatment with NaBlin MeOH the lactone carbonyl he corresponding epoxy aldehydewith subsequent
group in methanesulfonatél is reduced to hydroxy 1 > aqdition of nucleophiles at more electrophilic
oR carbonyl group. However, the Collins oxidation of

VIl gave not aldehydX but compoundXl as a result
>éf0 of the TishchenkeCannizzaro reaction (Scheme 2).
0

In order to obtain compoundlIl, pantolactone

M-V derivativeslV andV were first reduced to diolXIll
and X1V, respectively, by the action of LiAlld The
', R = MeSQ (yield 95%); IV, R = MeOCH (96%); third hydroxy group inXIll andXIV was deprotected
V, a-tetrahydrofuryl (91%). using a catalytic amount gf-toluenesulfonic acid in
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Scheme 2.

| |, TsoH
0 [0]/0%0 EtMgBr, THF :0]/0\><(\/
54% 52% OH
X

VIII
VII

CrOz- 2Py
CH,Cl,, 0°C 0
L 0 CHO| ———— 0
~50%,
0
X X1
Scheme 3.
OR
>&T40 LiAlH,, THF HO\><(\OH MeOH, TsOH HO OH
0 OR OH
IV,V XIII, XIV XV
H
Me,CO, H* 0 o)

91% O—|<

XII

methanol. In the series of transformationg, (V) — 'H NMR spectrum (CDG)), 5, ppm: 1.16 sand 1.25 s
(XN, XIv) the yield of the products in both stages(6H, CH;), 3.25 s (8H, SGCH,), 4.05 d (1H,J =
was greater with methoxymethyl derivatiVe. Triol  9.13 Hz) and 4.10 d (1H, OC}J = 9.13 Hz), 4.98 s
XV was treated with acetone in the presence oflH, OCH).
p-toluenesulfonic acid to obtain the target product 3 3-Dimethyl-2-methoxymethoxy-4-butanolide
Xl (Scheme 3). (IV). To a solution of 1 g (7.8 mmol) of compound
Thus, using racemic pantolactone as an exampl@& 20 ml of anhydrous dichloroethane we added with
we have demonstrated the possibility for synthesizingtirring at room temperature 0.8 ml (10.2 mmol) of
C,-blocks containing two geminal methyl groupsmethoxymethyl chloride and 1.4 ml (10.2 mmol) of
(compoundsVIl, VIII , and Xl ). Pure stereoisomers ethyldiisopropylamine in 5 ml of dichloroethane. The
of these compounds may be useful for preparation ahixture was stirred for 24 h at 4Q, washed in

the above-noted macrolides. succession with cold water and a saturated solution of
NacCl, dried over MgSQ and evaporated. We isolated
EXPERIMENTAL 1.3 g (96%) of compoundV as a yellow oily sub-

stance. IR spectrum, cntt: 840, 940, 1130, 1290,

The IR spectra were recorded on a UR-20 spectror310, 1390, 1785, 1816H NMR spectrum (CDG),
photometer from samples prepared as thin films. Thg ppm: 0.93 s and 1.05 s (6H, GH 3.27 s (3H,
'H and *C NMR spectra were obtained on a BrukerOCH,), 3.79 s (1H) and 3.82 s (1H, OGH 3.94 s
AM-300 spectrometer at 300 and 75.47 MHz, respecflH, OCH), 4.56 d (1H,) = 6.73 Hz) and 4.81 d (1H,
tively, using TMS as internal reference. OCH,0, J = 6.72 Hz).**C NMR spectrum (CDG),

3,3-Dimethyl-2-methylsulfonyloxy-4-butanolide ¢, PPM: 18.93 and 22.42 (Cpf 39.69 (C), 55.32
(1) was synthesized from 1 g (7.8 mmol) of panto-(OCH;), 75.51 (@), 77.91 (@), 95.58 (OCHO),
lactone (), 1 ml (11.8 mmol) of methanesulfonyl 174.73 (G=0).
chloride, and 1.23 g (11.8 mmol) of trigthylamine in 3,3-Dimethyl-2-(2-tetrahydrofuryloxy)-4-butano-
20 ml of dry methylene chloride ab°C. Yield 1.76 g |ide (V) was synthesized from 1 g (7.88 mmol) of
(92%), yellow oily substance. IR spectrum, cn™:  compound and 1.32 g (15.75 mmol) of dihydrofuran
830, 870, 1000, 1180, 1315, 1365, 1480, 1785, 1810n 20 ml of dry methylene chloride containing 10 mg
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of p-toluenesulfonic acid at°C. Yield 1.5 g (91%).

697

spectrum (CDG)), 6., ppm: 19.85 and 20.75 (GH

The product was isolated as a mixture of diastereozs 19 (), 43.85 (¢), 58.12 (G), 69.59 (C).

isomers at a ratio of 1:2. IR spectrum, cn: 745,

940, 1085, 1140, 1390, 1460, 1480, 1800, 2380

Found, %: C 59.88; H 7.90. gH,¢0,. Calculated, %:
C 60.00; H 8.001H NMR spectrum (CDG)), 3, ppm:
major isomer: 0.99 s and 1.11 s (6H, QH1.77
2.04 m (4H, CH), 3.79-3.98 m (4H, OCH) and
4.06 s (1H, OCH), 5.51 d (1H, OCHQ,= 4.23 Hz);
minor isomer: 1.01 s and 1.16 s (6H, QH1.77
2.04 m (4H, CH), 3.79-3.98 m (4H, OCH) and
4.15 s (1H, OCH), 5.21 d (1H, OCHQ,= 4.18 Hz).
13C NMR spectrum (CDQG), 8¢, ppm: major isomer:
19.39 and 22.80 (C}J, 23.08 and 32.13 (Cjl THF),
39.89 (&), 67.19 (OCH, THF), 76.21 (¢), 77.45
(C?), 103.07 (OCHO), 175.68 (€0); minor isomer:
19.39 and 23.38 (C}J, 22.76 and 32.30 (Cjl THF),
40.21 (&), 67.36 (OCH, THF), 75.57 (C), 77.87
(C?), 104.07 (OCHO), 175.05 (€0).
3,3-Dimethyl-2-methylsulfonyloxy-1,4-butane-
diol (VI) and 2,2-dimethyl-3,4-epoxy-1-butanol

2,2-Dimethyl-1-(2-tetrahydrofuryloxy)-3,4-
epoxybutane (VIII) was synthesized as described
above for compound/ from 0.12 g (1.03 mmol) of
epoxy derivativeVIl and 0.14 g (2.06 mmol) of
dihydrofuran in 5 ml of dry methylene chloride con-
taining 3 mg ofp-toluenesulfonic acid. Produdtlll
was isolated as a mixture of diasterecisomers by
column chromatography on silica gel. Yield 0.1 g
(54%). IR spectrumy, cnit: 880, 940, 1005, 1070,
1135, 1215, 1380, 1480. Found, %: C 63.90; H 9.90.
Cy0H,405. Calculated, %: C 64.52; H 9.68H NMR
spectrum (CDG)J), 8, ppm: major isomer: 0.82 s and
0.83 s (6H, CH), 1.70-2.00 (4H, CH), 2.59 d
(2H, OCH,, J = 3.50 Hz), 2.85 t (1H, OCH,J =
3.50 Hz), 3.42 d (1HJ = 9.2 Hz) and 3.48 d (1H,
OCH,, J = 9.2 Hz), 3.82 t (2H, OCH THF, J =
6.60 Hz), 5.04 d.d (1H, OCHOJ = 2.5, 5.3 Hz);
minor isomer: 0.83 s and 0.85 s (6H, 2gH1.70-
2.00 (4H, CH), 2.61 d (2H, CHO, J = 3.50 Hz),

(VIl). To a suspension of 2.05 g (53.5 mmol) of2.82 t (1H, OCH,J = 3.50 Hz), 3.09 d.d (1HJ =
NaBH, in 30 ml of anhydrous MeOH at°C we added 9.3 Hz) and 3.12 d (1H, OCHJ = 9.3 Hz), 3.82 t
dropwise a solution of 1 g (5.1 mmol) of compound(2H, OCH, THF, J = 6.60 Hz), 5.39 d (1HJ =
Il in 3 ml of MeOH. The mixture was stirred for 4,58 Hz, OCHO).’*C NMR spectrum (CDG), &,
4 h at that temperature, excess NaBMas decom- ppm: major isomer: 20.34 and 20.46 (QH23.47 and
posed with a small amount of a saturated solutio%2 24 (CH, THF), 34.68 (@), 43.97 (¢, 57.40 ()

of NH,CI, methanol was distilled off, and the products a ' L N o .
were extracted into ethyl acetate X320 ml). The ?n?n705r |(so)me7r342% SC% dT|2_|OF%3’31?C3‘3)§)623(2§:Ha221’

combined organic extracts were dried over MgSO
and evaporated, and the residue was subjected &-24 (CH, THF), 34.68 (), 44.03 (C), 57.22 (C),

column chromatography on silica gel using ethyl66.99 (C), 73.59 (OCH, THF), 103.79 (OCHO).
acetatebenzene (1:1) as eluent. We isolated 0.4 g 2,2-Dimethyl-1-(2-tetrahydrofuryloxy)hexan-3-

(38%) of compounaVvl and 0.25 g (42%) of epoxy
derivative VII .

CompoundVI. IR spectrum,v, cni’: 830, 870,
940, 1075, 1180, 1345, 2905, 3388540 (OH).

'H NMR spectrum (CDG)), 5, ppm: 0.92 s and 0.98 s

(6H, CHy), 3.15 s (3H, SGCH,), 3.17 br.s (2H, OH),
3.31 d (1H,J = 11.54 Hz) and 3.47 d (1H, OGH
2] = 11.54 Hz), 3.79 d.d (1H] = 7.00, 12.60 Hz) and
3.92 d.d (1H, OCH, J = 2.8, 12.60 Hz), 4.66 d.d
(1H, OCH, J = 2.80, 7.08 Hz).}*C NMR spectrum
(CDCly), 6c, ppm: 20.17 and 21.82 (CH 38.65
(SO,CH,), 38.98 (C), 61.48 (&), 68.23 (C),
88.51 (A).

CompoundVIl . IR spectrumy, cni: 864, 1072,
1156, 1212, 1368, 1456, 3448, 36061 NMR spec-
trum (CDCL), 8, ppm: 0.78 s and 0.91 s (6H, GH
2.65 d (2H, OCH, J = 3.30 Hz), 2.80 br.s (1H, OH),
2.84 t (1H, OCH,J = 3.30 Hz), 3.29 d (1HJ =

11.0 Hz), 3.39 d (1H, CkD, J = 11.0 Hz).*C NMR

ol (IX). To a solution of 0.1 g (0.56 mmol) of com-
pound VIIl in 10 ml of anhydrous THF at°C we
added dropwise 0.7 ml of a 2.9 N solution of EtMgBr
(2 mmol) in THF. The mixture was stirred for 30 min
at 0C and for 3 h at 4550°C (TLC monitoring). It
was decomposed with a saturated solution of,8H
tetrahydrofuran was distilled off, the residue was
extracted with ethyl acetate ¥30 ml), and the extract
was dried over MgS@and evaporated. The residue
was subjected to column chromatography on silica gel
using ethyl acetatg@etroleum ether (1:1) as eluent
to isolate 0.06 g (52%) of compounX as an oily

substance. IR spectrumn, cnt: 1125, 1285, 1325,
1380, 1465, 1670H NMR spectrum (CDG)), 9,
ppm: 0.82 s and 1.04 s (6H, G10.87 t (3H, CH,
J =7.80 Hz), 1.26 m (2H, C}), 1.70-1.86 m (4H,
CH,), 1.91 br.s (1H, OH), 3.29 t (1H, OCH] =
10.28 Hz), 3.39 d (1HJ = 11.2 Hz), 3.55 d (1H,
OCH,, J = 11.2 Hz), 3.69 t (2H, OCKH THF, J =
6.01 Hz), 4.61 d.d (1H, OCHQ] = 4.22, 4.80 Hz).
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13C NMR spectrum (CDG), 6., ppm: 14.22 (CH)),
18.38 and 21.63 (&1,), 27.17 and 31.49 (CH THF),

29.78 and 31.64 (C§), 32.01 (&), 62.73 (C), 78.11

AKBUTINA et al.

pound IV in 10 ml of dry diethyl ether was added
dropwise with stirring at @C to a suspension of 0.9 g
(23.62 mmol) of LiAlH, in 30 ml of dry diethyl ether.

(OCH,, THF), 85.33 (), 102.69 (OCHO). The mixture was stirred for 12 h at room temperature
3,3,7,7-Tetramethyl-5-oxa-1,2:8,9-diepxy- ~and cooled to &, and 5 ml of HO and 2 ml of
nonan-4-one (XI). Anhydrous chromium(Vl) oxide, & 15% solution of NaOH were added with stirring.
1.31 g (13.1 mmol), was added to a solution of 1.69 d\ter 30 min, the mixture was filtered, the precipitate
(21.38 mmol) of anhydrous pyridine in 20 ml of Was washed on a filter with five 20-ml portions of
methylene chloride, stirred at’G under argon. The THF, the filtrate was combined with the washings and
resulting Collins reagent was stirred for 5 min &co  dried over KCO;, and the solvent was removed. We

and for 30 min at room temperature. It was theriSolated 2.4 g (88%) of dioKlll . IR spectrum,v,
cooled to OC, and a solution of 0.2 g (1.72 mmol) cm— 920, 1036, 1080, 1104, 1128, 1144, 1208,

of compoundVIl was quickly added under vigorous 1364, 1412, 1468, 3392, 3608H NMR spectrum

stirring. The mixture was stirred for 10 min at@

(CDCly), 6, ppm: 0.88 s and 0.95 s (6H, 2GKl

and for 30 min at room temperature and was filtere®.35 d (1H,J = 11.03 Hz) and 3.44 d (1H, OGHJ =
through a thin layer of silica gel. The filtrate was 11.0 Hz), 3.393.42 m (4H, 20H, OCH), 3.43 s (3H,
washed in succession with 5% hydrochloric acidOCH,), 3.63 d.d § = 6.54, 12.10 Hz) and 3.75 d.d
a 5% solution of NaHCQ and a saturated solution of (1H, OCH, J = 2.62, 12.17 Hz), 4.67 d (1H) =
NaCl, dried over MgSQ and evaporated to obtain 6.71 Hz) and 4.79 d (1H, OC}®, J = 6.71 Hz).

0.1 g (50%) of compouncl as an oily substance.

IR spectrum,v, cnT: 950, 980, 1070, 1100, 1160,
1200, 1250, 1385, 1480, 1740, 27961 NMR spec-
trum (CDCE), 8, ppm: 0.92 s and 0.93 s (6H, GH
114 s and 1.21 s (6H, CH 2.622.74 m (4H,
OC'H,, OCH,), 2.85 br.s (1H, éH), 3.17 t (1H,
C?H, J = 2.77 Hz), 3.943.98 m (2H, O¢H,). 3C
NMR spectrum (CDG)), 8., ppm: 20.04 and 20.16
(CH,), 20.37 and 21.05 (C}), 34.59 (C), 42.66 (C),
43.69 and 43.88 (£ C°%, 56.26 (@), 56.81 (&),
70.63 (@), 175.43 (G=0).
2-(2,2-Dimethyl-1,3-dioxolan-4-yl)-2-methyl-1-
propanol (XII). To a solution of 4.2 g (31.58 mmol)

13C NMR spectrum (CDG), ., ppm: 20.48 (CH)),

22.71 (CH), 38.77 (G), 56.01 (OCH), 62.17 (C),
69.34 (C), 88.07 (&), 98.30 (OCHO).
3,3-Dimethyl-2-(2-tetrahydrofuryloxy)-1,4-
butanediol (XIV) was synthesized as described above
for compoundXlll from 0.55 g (3.1 mmol) of com-
poundV and 0.18 g (4.73 mmol) of LiAllj The
product was a mixture of diastereoisomers, yield 54%.

H NMR spectrum (CDG)J), 8, ppm: major isomer:
0.72 s and 0.90 s (6H, Cj 1.78-2.04 m (4H, CH),
3.06 d (1H,J = 11.29 Hz) and 3.44 d (1H, dez,
J = 11.15 Hz), 3.523.83 m (4H, OCH), 3.90 m

of triol XV in 40 ml of acetone we added 20 mg of (1H, OCH), 5.40 t (1H, OCHOJ = 2.94 Hz); minor
p-toluenesulfonic acid, and the mixture was stirredsomer: 0.81 s (3H) and 0.88 s (3H, 29H1.78-
for 12 h at room temperature. The solution was2-:04 m (4H, CH), 3.28 d (1H,J = 10.94 Hz) and
neutralized with solid NaHCQand evaporated under 3.35 d (1H, OéHz, J = 10.90 Hz), 3.513.83 m
reduced pressure, and the residue was purified bitH, J = 10.28 Hz), 3.90 m (1H, OCH), 5.13 t (1H,
column chromatography on silica gel. Yield 5 gOCHO, J = 3.05 Hz).'3C NMR spectrum (CDQ),
(91%). IR spectrumy, cm 1125, 1280, 1325, 1380, 6., ppm: major isomer: 19.39 and 22.74 (QH24.04

1465, 1670, 3300'H NMR spectrum (CDG), 3,
ppm: 0.82 s and 0.86 s (6H, GH1.29 s and 1.36 s
(6H, CH,), 2.87 br.s (1H, OH), 3.37 d (1H] =
10.94 Hz) and 3.39 d (1H, G®l,, J = 10.94 Hz),
3.71 t (1H, OCH,J = 7.71 Hz), 3.89 d.d (1H,) =
6.50, 7.71 Hz) and 3.97 d.d (1H, OGHJ = 6.49,
7.71 Hz). 1®*C NMR spectrum (CDG), &, ppm:

18.70 and 21.35 (Cj), 25.08 and 26.24 (TEi,),
36.69 (C), 65.22 (&), 70.74 (&), 81.75 (@),
108.84 (C). Found, %: C 62.50; H 10.70.48,0..
Calculated, %: C 62.07; H 10.34.
3,3-Dimethyl-2-(methoxymethoxy)-1,4-butane-
diol (XII1) . A solution of 2.7 g (15.7 mmol) of com-

and 32.43 (CH, THF), 38.46 (), 61.91 (C), 67.68
(C%, 69.19 (OCH, THF), 80.39 (@), 104.34
(OCHO); minor isomer: 20.60 and 22.37 (QH
23.99 and 32.36 (CH THF), 38.66 (G), 62.22
(Ch, 66.52 (&), 67.39 (OCH, THF), 81.40 (@),
103.79 (OCHO).

3,3-Dimethyl-1,2,4-butanetriol (XV). To a solu-
tion of 5.4 g (30.5 mmol) of diolXIV in 20 ml of
methanol we added 15 mg @ftoluenesulfonic acid.
The mixture was stirred for 12 h at room temperature,
neutralized with solid NaHCQ and filtered. The
filtrate was evaporated to obtei4 g (98%) of triol
XV with mp 55-57°C (from ethyl acetate). IR spec-
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trum, v, cnl 816, 1008, 1036, 1128, 1144, 1184,2. Fizet, C.,Helv. Chim. Acta,1986, vol. 69, pp. 404
1376, 1460, 3120, 3176, 3368H NMR spectrum 407.
(acetonedg), 8, ppm: 1.07 s (6H, Ck), 3.58 d (2H, 3. Smith, A.B., Chen, S.S.-Y., Nelson, F.C., Rei-

OCH,, J = 3.96 Hz), 3.72 s (2H, OC}), 3.86 d chert, J.M., and Salvatore, B.AJ, Am. Chem. Soc.,

(1H, OCH, J = 8.14 Hz), 4.42 br.s (3H, OH)'’C 1995, vol. 117, no. 48, pp. 1204B2014.

NMR spectrum (acetonds), 5., ppm: 19.47 and 4. Hena, M.A., Kim, Ch.-S., Horiike, M., and Kiyo-

21,06 (CH), 37.66 (©), 62.42 (&), 69.09 (C), 76.93 oka, S.,Tetrahedron Lett.1999, vol. 40, pp. 1161

(C?. Found, %: C 53.36; H 10.20. #&,,0,. Cal- 1164.

culated, %: C 53.73; H 10.44. 5. Nicolaou, K.C., He, Y., Vourloumis, D, Vallberg, H.,

Roschangar, F., Sarabia, F., Nincovic, S., Yang, Z.,
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