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Selective Monoalkylation of Acyclic Diols by Means of Dibutyltin Oxide and Fluoride Salts'-*
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Fluoride anion was found to promote monoalkylation reaction of diols by the stannylene acetal method, and
selective monoalkylation of various acyclic diols was accomplished in good yields under mild conditions by employing
this new method. Functional groups such as carboxylic acid ester, carboxamide, carbamate, nitrile, alkyl chloride, and

ether were not affected under the reaction conditions.
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It is highly desirable to develop an efficient method for
selective protection of symmetric and unsymmetric diols,
because the monoprotected diols are often useful as syn-
thetic intermediates of bifuntional compounds in organic
synthesis. Therefore, various methods have been devel-
oped® especially for selective protection of unsymmetric
diols, though the monoprotection of symmetric diols® still
remains to be explored. In general, the use of one stoi-
chiometric equivalent of a protecting reagent to a diol re-
sults in a statistical mixture of diprotected, monoprotected,
and unprotected products. To overcome this difficulty, a
large excess of diol is commonly used.” However, the
method cannot be applied in the case of diols obtained by
multi-step synthesis. Therefore, monoprotection” of diols
with 1 eq amount of protective groups is indeed required.
From this point of view, monoprotection of diols through
reductive opening of alkylidene acetals® or stannylene
acetals® has been developed successfully, and the latter was
found to be particularly efficient for various mono-
functionalizations of diols.'® However, monoalkylation of
diols by the stannylene acetal method requires rather strong

reaction conditions (i.e., elevated temperature and pro-
longed reaction time °*Y) even with the assistance of a
stannophilic catalyst, such as a tetraalkylammonium
halide.'? If this reaction could be carried out under milder
conditions, its synthetic utility would be considerably
increased. In a previous communication,” we reported an
efficient method for the monoalkylation of dimethyl
L-tartrate by use of dibutyltin oxide and cesium fluoride
under mild reaction conditions. In this paper, we wish to
report the details of the methodology with examples of
selective benzylation of unsymmetric diols.

Results and Discussion

Monoalkylation of Dialkyl Tartrates We first used dialkyl
tartrates as substrates for monoalkylation, because dialkyl
tartrates have been widely used as chiral synthons for the
synthesis of various biologically active compounds or
enantiomerically pure compounds'® and also because only
a few reports about the monoalkylation of dialkyl tartrates
are available.!¥ We first examined monobenzylation of
dimethyl L-tartrate using the method developed by Moffatt

TaBLe I. Monoalkylation of Dialkyl Tartrates
Entry  Tartrate R'X (eq) Fluoride salt Solvent  Temperature Time Product Yield”
’ (eq) (%)
1 1 PhCH,Br (2.04) No salt DMF 100°C 3h 4 41
2 1 PhCH,Br (3.00) n-Bu,NBr (0.5) PhMe 100°C 1h 4 13
3 1 PhCH,Br (2.19) CsF (1.22) DMF rt 2h 4 85
4 1 PhCH,I (1.11) No salt DMF 100°C 2h 4 13
5 1 PhCH,I (2.84) CsF (1.93) DMF Tt lh - 4 99
6 1 PhCH,I (1.71) KF (1.53) DMF 50°C—-rt 2h—11.0h 4 55
7 1 PhCH,I (2.11) n-Bu,NF (1.60) DMF rt 24h 4 67
8 1 PhCH,I (2.41) CsF (2.03) PhMe? rt 25h 4 48
9 1 PhCH,I (2.33) CsF (1.70) PhMe” rt 45h 4 75
10 1 PhCH,I (1.91) CsF (1.30) PhMe? rt 45h 4 3.8
11 1 PhCH,I (1.52) CsF (1.64) THF rt 25h 4 69
12 1 p-NO,C¢H,CH,I (2.00) CsF (1.29) DMF rt 3.5h 5 84
13 1 p-NO,C¢H,CH,Br (1.50) CsF (1.90) DMF rt 46h 5 93
14 1 p-MeOC(H,CH,CI (1.12)?  n-BuyNF (1.00) THF rt 72h 6 45
15 1 p-MeOCH,CH,CI (1.44)?  KF (1.23) DMF rt 14h 6 52
16 1 p-MeOC(H,CH,CI (1.54)  KF (1.27) DMF rt 72h 6 68
17 1 p-MeOC,H,CH,CI (1.357)  CsF (1.19) DMF 0°C-rt 20min—1h 6 67
18 1 p-MeOCgH,CH,I (2.10) CsF (2.05) DMF 0°C-rt 20 min—20 min 6 72
19 1 CH,=CHCH,Br (1.26) CsF (1.39) DMF rt 20h 7 83
20 1 CH,=CHCH,I (1.53) CsF (1.62) DMF rt 6h 7 98
21 2 Mel (4.29) CsF (1.26) DMF It 21h 8 72
22 2 PhCH,I (1.55) CsF (1.37) DMF rt 3h 9 92
23 3 PhCH,I (2.22) KF (2.03) MeCN It 50h 9 90
24 3 PhCH,I (2.13) CsF (1.52) DMF rt 5h 10 94

a) Tsolated yields after chromatography on silica gel.
out in the presence of 10mol% of dicyclohexano-18
15) was also used as an additive. f) Potassium iodi

b) The reaction was carried out in the presence of 10mol% of dibenzo-24-crown-8. ¢) The reaction was carried
-crown-6. d) No crown ether was used. ¢) Tetra-n-butylammonium iodide (10mol% in entry 14 and 1 eq in entry
de (1.54 eq in entry 16 and 1.33 eq in entry 17) was also used as an additive. rt=room temperature.
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et al.,” but the yield of the desired product was only 41%
(entry 1 in Table I). The same reaction using benzyl iodide
gave a much lower yield (entry 4 in Table I) than in the
case of benzyl bromide. The results clearly showed that the
procedure cannot be applied to monobenzylation of di-
methyl L-tartrate. Furthermore, monobenzylation of di-
methyl L-tartrate by David’s procedure’?? also gave a
low yield of the monoalkylation product (entry 2 in Table
I). Therefore, we attempted to improve Moffatt’s procedure
by the use of additives. By analogy with the fluorodesilyla-
tion process, we first examined the effect of fluoride salts
in the monoalkylation reaction of dialkyl tartrates (Eq. 1).

The results are listed in Table I. It is apparent from Table
I that fluoride anion promoted the reactions, allowing them
to proceed even at room temperature with good to excellent
yields of the monoalkylated products (entries 3, 5 to 7 vs.
entries 1 and 4 in Table I). Among the fluoride salts tested,
cesium fluoride showed a most remarkable effect. Thus,
monobenzylation of tartrate 1 using benzyl iodide and
cesium fluoride in N,N-dimethylformamide (DMF) took
place within 1 h at room temperature and gave a quantitative
yield of monobenzylated tartrate, 4 (entry 5 in Table I).
Other alkyl groups such as p-nitrobenzyl, p-methoxybenzyl,
altyl, and methyl were also introduced in good to excellent
yields (entries 13, 18, 20 and 21 in Table D).

As the reaction solvents, polar aprotic solvents such as
DMF, tetrahydrofuran (THF) and acetonitrile were
successfully employed (entries 5, 11 and 23 in Table D);
DMF usually gave the best results. The reactions in
nonpolar solvents such as toluene were also possible with
the aid of phase transfer catalysts (entries 8 to 10 in Table
I). However, the reactions were slower and the yields of
products were not so high.

As for the alkylating reagents, the reactions with alkyl
iodides usually gave better yields than those with the
corresponding bromides (entries 5 vs. 3 and 20 vs. 19 in
Table I), and in the case of an unstable alkyl iodide (entry
18 in Table I), it can be formed in situ from the correspond-
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ing chloride and the appropriate iodides (entries 14 to 17
in Table I). When dimethyl L-tartrate was treated with 1 eq
of benzyl bromide and 1 eq of cesium fluoride in DMF at
room temperature, the reaction gave only a 5% yield of the
monobenzylated tartrate, 4 (Eq. 2). Therefore, it is evident
that the combined use of stannylene acetal of tartrates and
cesium fluoride is essential for the selective preparation of
the monoalkylated tartrates.

As an efficient method for monoalkylation of symmetric
diols had thus been realized, we next examined regio-
selectivity in monobenzylation of unsymmetrical diols.

Regioselective Benzylation of Unsymmetrical Diols 1-
Phenylethanediol was selected as a simple unsymmetrical
diol and subjected to monobenzylation under various
conditions (Eq. 3). The results are shown in Table II.

The influence of various factors such as benzyl halides,
metal fluorides, solvents and temperatures was investigated.

TaBLE II. Regioselective Benzylation of 1-Phenylethanediol
X in Temper- . Yield” (%) Ratio
Entry PhCH,X MF (eq) Solvent ature 1€ o9y (29a:
(eq) o) M and29p  20m)
1 I(L71)  CsF(1.90) DMF 0—3 1.5 Quant.  90:10
2 I(2.18) No salt DMF 0—3 2 0 —
3 1(1.75) CsF (1.93) DMF 20—21 1.5 94 91: 9
4 F(1.70) CsF (1.90) DMF 0-3 2 0 —
5 Cl(1.71)  CsF (1.92) DMF 2122 24 83 87:13
6 Br (1.72)  CsF (1.94) DMF 21—22 6 95 90:10
7 1(1.72) CsF (1.96) THF 20—22 17 96 90:10
8 1(1.82) CsF (1.93) MeCN 21—22 5 96 88:12
9 1(1.74) CsF (1.90) Me,CO  21—22 6 99 85:15
10 T(L71)  CsF(1.97) MeNO, 21—22 20 N.D.D —
11 1(1.74) KF (2.01) DMF 21—22 45 20 88:12
12 I(1.74) KF (2.26) MeCN 2122 50 40 88:12
13 1(1.79) KF (2.16) PhMe® 2122 100 64 88:12
14 I(1.81) KF (2.09) PhMe? 21—22 100 0.6> —

a) Isolated yields after chromatography on silica gel. b) N.D. means not
determined. The yield could not be determined because of the formation of an
inseparable unknown product together with the monobenzylated products, 29a and
29b. ¢) The reaction was carried out in the presence of 5mol% of dicyclohexano-
18-crown-6.  d) No crown ether was used.

1) (BuzSn0)» / PhMe , -H,0

— - g 1)
RO2CCH(OH)CH(OHICOR S RO2CCH(OH)CH(OR)CO,R ¢
| R R R’
1] Me (R,R) 4 | Me PhCH, (R, R)
2| Me meso 5 | Me p-NOGgHiCH, (R, R)
3| PhCHy (AR,R) 6 | Me p-MeOCgH,CH, (R, R)
7 | Me CHy=CHCH, (R,R)
8 Me Me (R,R)
9 | Me PhCH; (R S)and(S R)
10 | PhCH, PhCH, (R,R)
QH OH
i __CO,Me DMF
MeOzC/\g/ 2 + PhCH.Br + CsF —__>r1.,2h Meozc/\:/COzMe (2)
OH OCH,Ph
1 4
5%
Ph
Ph
Ph (BupSn0) o>jo PhCH,X Ph +
___> 3
Ho> o PhMe, 0 pod MF  nd  OCH,ph  PhcHd o ()
Bu Bu
11 29a 29b
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It was shown that the reaction rate increased in the following
order (entries 3 to 6 in Table II); benzyl fluoride (no
reaction) <benzyl chloride <benzyl bromide<benzyl io-
dide, while the regioselectivity in the reactions was found
to be almost the same. Therefore, among the benzyl halides,
benzyl iodide was found to be the best one. Next, the effect
of the metal fluorides was investigated. No significant
difference in the regioselectivity was observed between
cesium fluoride and potassium fluoride, while the reaction
rates and yields were markedly reduced in the latter case
(entries 3 vs. 11; 8 vs. 12 in Table II). It is very clear that
the reaction requires fluoride salts (entries 2 vs. 1 in Table
IT). Then, the solvent effect on the regioselectivity and the
reaction rates was examined. While the reaction rates varied
depending upon the solvents used, again no significant
solvent effect on the regioselectivity was observed (entries
3,7 to 9 and 12 to 14 in Table IT). Among the solvents
used, DMF gave the best result (entry 3 in Table II). No
temperature-dependency was observed (entries 1 vs. 3 in

Vol. 39, No. 8

Table IT). Thus, the reaction using benzyl iodide and cesium
fluoride in DMF at 0°C to room temperature was found
to proceed most smoothly.

Next, the regioselective benzylation of various acyclic
diols (Eqgs. 4 and 5) was examined. The results are listed in
Tables IIT and IV. In Table III, the examples of diols
containing primary and secondary hydroxyl groups are
shown, and the examples of diols containing secondary—
secondary or secondary-tertiary hydroxyl groups are
shown in Table IV. Some functional groups were introduced
into the diols in order to clarify the substituent effects on
the regioselection and to examine the compatibility of
various functional groups under the reaction conditions.
Generally, the monobenzylation reaction of the diols listed
in Tables IIT and IV proceeds in good to excellent yields,
although there are some examples of moderate yields (entries
5, 6 and 16 in Table III and entry 5 in Table IV). The
reaction of 1,2-diols is faster than that of corresponding
1,3-diols (entries 1 vs. 2 and 3 vs. 4 in Table ITI). In addition,

. R .(CH R CH
R_ACHa)x (BuzSnO), Y( 2)"\ PhCH,! , CsF RY(CHZ)IL\ . ( Z)n\ "
— e
o Oy PhMe,H0 O\Sn P DMF HO OGH,Ph PhCH,O OH
Bu/ “Bu a b
R n R n

11 |Ph 0 209ab |Ph 0

12 |Ph 1 30ab |Ph 1

13 |Me 0 31ap |Me 0

14 | Me 1 32ab [Me 1

15 | CCH, 0 33ab | CICH; 0

16 | NCCH, 0 34ab | NCCH; 0

17 | MeOCH;, 0 35ab | MeOCH, 0

18 | tert-BuOCH; 0 36a,b | teri-BuOCH; 0

19 PhCHzoCHz 0 37ab PhCHzOCHz 0

20 | PhCOOCH, 0 38a,b | PhCOOCH; 0

21 | BocNHCH; 0 39a,b | BocNHCH; 0

22 | CbzNHCH, 0 40ab | CbzNHCH, 0

23 | TsOCH, 0 41ap%| TsOCH, 0

24 | COMe 0 42ah | COMe 0

25 | CONHp 0 43ab | CONH, 0

26 | CONHMe 0 44ap | CONHMe 0

27 | CONMe; 0 45ab | CONMe, 0

28 | COPh 0 46ab*| COPh 0

a) in the case of the diols 23 and 28, the expected products
were not obtained

R2
R (CHI A (Busn0), | gy TN prosl osr R ACH R P oA
R Y o | o o |7 ow — F * R (5)
HO oH PnMe,-H . DMF HO OCH,Ph PhCH,0 OH
_Sn
Bu Bu
47— 51 52a— 56a 52b— 56b
OH 1) (BuySnO)n/ PhMe OH OCHZPh oH OCH,Ph
L —— + + + (6)
(L L AP OFIDME il GoHgph  HO O PRCH0  OCHPh HO  OCH.Ph
57 19a 19b 37a 37b
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oH OH the reaction can be successfully carried out with diols

(BugSnO ) HO% H\ containing functional groups such as carboxylic acid esters,

‘)ﬁ —_— o_,0 + (7). carboxamides, carbamates, nitriles, alkyl chlorides, and
PhMe, H,0 n o, .0

HO OH By “Bu snl others. However, O-tosylate and phenyl ketone groups are

u” "Bu not compatible with the reaction conditions (entries 14 and

(major) (minor) 19 in Table III). For the diols in Table III, selective

benzylation occurred at the primary hydroxyl groups'?

TaBLg III. Regioselective Benzylation of Acyclic 1,2- and 1,3-Diols Containing Primary and Secondary Hydroxyl Groups

: Equiv. of Equiv. of Temperature Time Yield® a:h

Entry Diol PhCH, I CsF ¢C) (h) Product (%) ratio
1 11 1.74 2.01 0—3 1.5 29a, b Quant. 90:10
2 12 2.06 2.09 —5-3 21 30a, b 80 85:15
3 13 1.57 2.07 0—3 24 31a, b Quant. 91: 9
4 14 1.65 2.58 0—3 50 32a, b 86 97: 3
5 15 1.98 1.51 rt 22 33a, b 64 81:19
6 16 2.10 1.31 rt 24 34a, b 51 93: 7
7 17 1.66 1.33 rt 44 35a, b 77 87:13
8 18 1.93 1.72 rt 50 36a, b 81 82:18
9 19a 2.17 1.91 rt 10 37a, b 81 89:11

10 20 1.97 1.64 rt 2 38a, b 81 87:139

11 21 2.00 1.05 rt 120 39a, b 719 94: 6
12 22 1.85 L.12 It 140 40a, b 749 9%: 6
13 22 PhCH,Br; 2.00 No salt 100 2 40a, b 17 87:13

14 23 1.63 1.45 rt 6 R 0 —
15 24 1.44 1.57 0—3 24 42a, b 76 82:18
16 25 1.88 1.15 0—3 2 43a, b 67 82:18
17 26 1.88 1.01 0—3 22 44a, b 779 91: 9
18 27 1.89 1.11 0—3 20 45a, b 98 89:11

19 28 1.62 1.21 rt 1 e 0 —

a) Isolated yields after chromatography on silica gel. b) The ratio was determined after the removal of the benzoyl group. See the experimental sec-
tion. ¢) 0,0-Dibenzylated product was also formed in 1.5% yield. d) 0,0-Dibenzylated product was also formed in 3% yield. e) The reaction was not clean and no
desired product was obtained. f) 0,0-Dibenzylated product was also formed in 17.5% yield. g) 0,0-Dibenzylated product was also formed in 9.7% yield.

TaBLE IV. Regioselective Benzylation of Acyclic 1,2- and 1,3-Diols Containing Secondary-Secondary or Secondary-Tertiary Hydroxyl Groups

Entry Diol Equiv. of Equiv. Temperature Time Yield®

PhCH,I of CsF  (°C) M) (%) Product ratio
HO  OH HO  OCH,PH PhCH,0  OH
1 >—/ 143 LIS 03 16 85 >_/ >—/
MeO,C Me MeO,C Me MeO,C Me
47 52a 52b
65 35)
HO  OH HO  OCH,Ph PhCH,0  OH
2 >—/ 207 162 0—3 45 0 >—/ >—/
Me,NOC Me Me,NOC Me Me,NOC Me
48 53a 53b
@I : 19)
HO  OH HO  OCH,Ph PhCH,0  OH
3 >—/ 213 156 rt 20 76 >—/ }—/
MeOH,C Me MeOH,C Me MeOH,C  Me
49 S4a s4b
(50 : 50)
HO OH HO OCH,OPh PhCH,0 OH
4 Ny 211 L6 03 40 95 \—y e
MeO,C  CONMe, MeO,C CONMe, Me0,C CONMe,
50 55a 55b
(75 : 25)
Me Me
Me Me
5 Me l(\f 183 140  50—53 42 50 only Me l(Y
HO OH HO OCH,Ph
51 56a

a) Isolated yields afler chromatography on silica gel.
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and the regioselectivity (the ratio of the major isomer to
the minor isomer) was in the range of 81:19 to 97:3.
Furthermore, the regioselectivity was not necessarily im-
proved when the bulkiness of the substituent R in diols
was increased (entries 3 vs. 1, 5 to 12 in Table III and entries
4 vs. 2 in Table ITD). This fact seems to show that steric
hindrance is not the major factor controlling the regio-
selectivity in these reactions. It should be emphasized that
the present methodology afforded the expected product
even in the case of unsuccessful Moffatt’s procedure (entries
13 vs. 12 in Table III). In some cases (entries 11, 12, 16 and
17 in Table III), dibenzylation of the diols was also observed.
This phenomenon was observed only for the diols containing
NH groups of carboxamides or carbamates. The NH groups
of carboxamides or carbamates form strong hydrogen
bonding with fluoride anion.'® Therefore, activation
through the NH group is considered to occur in diols 21,
22, 25 and 26. A similar effect of an OH group was also
observed in the benzylation of glycerol (vide post). For the
diols containing two secondary hydroxyl groups, modest
regioselectivity was observed (entries 1, 2 and 4 in Table
IV). Thus, preferential benzylation took place at the
hydroxyl groups bonding to the carbon atoms which bear
more electron-donating substituents (Me vs. CO,Me or
CONMe,; CONMe, vs. CO,Me). The 1,3-glycol 51, which
bears secondary and tertiary hydroxyl groups, was ben-
zylated only at the secondary hydroxyl group (entry 5 in
Table IV).

TaBLE V. Benzylation of Glycerol

Vol. 39, No. 8

Benzylation of Glycerol Finally, the benzylation reac-
tion of glycerol was examined (Eq. 6). The results are shown
in Table V. If the five-membered stannylene acetal of
glycerol is formed predominantly over the six-membered
one (Eq. 7),'” the expected benzylation products will be
monobenzylated glycerol derivatives, 192 and 19b. How-
ever, Table V clearly shows that considerable amounts of
dibenzylated glycerol derivatives, 37a and 37b, are also
formed (entries 1 and 2 in Table V). Furthermore, the
dibenzylated products, 37a and 37b, are also formed even
in a reaction using Moffatt’s procedure (entry 4 in Table
V). These facts imply that the activation of the free OH
group toward further benzylation probably occurs through
the interactions of the OH group with tin atom and/or
fluoride anion (hydrogen bond formation). When more than
2 eq of benzyl iodide and cesium fluoride were used, the
reaction gave a good yield (71%) of dibenzylated de-
rivatives, 37a and 37b, with the ratio of 9 to 1 (entry 3
in Table V). Thus, a direct and selective dibenzylation for
glycerol has been achieved for the first time.

Mechanistic Aspect of the Reaction At present, the
precise mechanism of the reaction is not known and
mechanistic studies using *°F- and/or ''°Sn-NMR remain
to be done. However, it seems to be worthwhile to consider
the mechanism of the present reaction. It is known that
fluoride anion attacks tin atoms of C-trialkylstannylated
compounds to form carbanion equivalents,'® and transient
formation of pentacoordinated tin complexes'® is postu-

. o/ 70 .
Entry Equiv. of Equiv. of Temperature Time Yield (%) ; Ratio
PhCH,I CsF ‘O (b 193, b 37a,b 19a: 58b 37a:37b
1 1.45 1.90 0—3 24 21 50 86:14 81:19
2 1.06 1.00 0—3 24 33 24.5 91: 9 86:14
3 2.48 2.12 0—3 41 Trace” 71 — 90:10
4 PhCH,Br; 2.01 No salt 100 2 27 14 91: 9 79:21
a) Tsolated yields after chromatography on silica gel. b) Detected on TLC.
-~ ~
RA(CHa) s R
/ e
R2 1 2 FBu,SnO oM+
R&_(CHa)m\ R’ (B8N0 ) 3>((CHg)nYR M- RX(CHZ)"YW / 2
R3>( Y — % R o ) — | R®
HO OH Ner” RN *
Bu~"r~Bu > S
F “RA_(CHp) mR!
F o AN PR
oM+ OSnBusF
~ ~
R'X RA_(CHm R RA_(CHy)u R
n 2/n R4X
-MX" R? Y + F{3>( Y ——%»4 dialkylated diols
FBu,SnO OR* R4 OSnBu,F

n=0,1 ;

M*=Cs*,K", nBuN*

X=1,Br

Chart 1
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FBU,SnO O-Cs* PhCH,l FBU,SnO, OCH,Ph
F — - N
Bu_ Sn/B“ Bu_| Bu — MeO,C’ CONMg,  'elatively fast MeO,C*  “CONMe,
o o CsF il . (major)
—_— 0 0 Cs* ( more reactive ) £l
MeO,C™  “CONMe, Meo.  YCONMe
2
2 \\\\ Cs*Ox OSnBu,F PhCH, PhCH,O  OSnBu,F
MeO,C" :CONMez relatively siow MeO,C*  “CONMe,
(less reactive ) { minor )
Chart 2
e N
O & H 9 H 9
HoN: Cs-FranteeN FBuzSn-N
FBU,SNO  OCH,Ph S‘SLO OCH,Ph 4[CsFH]'O  OCH,Ph
O Bu” |k
HoN CsF, PhCH,l CsF Bu
-C + o —_— +
sl +
o_ o
Sn st F
Bu” “Bu O CS-F""H,IH 5_I/BL‘I H O
HoN §:>§H~Bu FBu,Sn-N
O= o]
PhCH,0O OSnBuF PhCH,O O [CsFH]*
PhCH,J
~ -
H 2 o)
PhCH,! FBuzSn-N H* HzN
—-—»
“CsFeHI PhCH,O  OCH,Ph PhCH,d  OCH,Ph

The case of the diol 25 is shown
Chart 3

lated. Recently, Harpp et al. reported that fluoride anion
attacks tin atoms of organotin sulfides to generate
pentacoordinated intermediates.?® Therefore, it is reason-
able to assume that fluoride anion attacks tin atom of the
stannylene acetal of a diol to form the pentacoordinated
complex, which can reversibly dissociate into a highly
reactive alkoxide anion.?" The resulting alkoxide anion has
greater nucleophilicity than the original stannylene acetal
and reacts smoothly with alkyl halides to give the
monoalkylated derivatives. These monoalkylated deriva-
tives are thought to be inactive to further alkylation under
the reaction conditions employed, because dialkylation is
not usually observed. The above process is illustrated in
Chart 1. On the other hand, the observed regioselectivity
can be explained in terms of the reactivity of the alkoxide
anions formed. For example, monobenzylation of the diol
50 is thought to proceed through the preferential reaction
of the more reactive alkoxide anion with benzyl iodide
(Chart 2).

In the case where the diols have NH or OH groups and
can form a hydrogen bond with fluoride anion, dibenzyla-
tion of the diol occurs (vide ante). This phenomenon may
be explained as shown in Chart 3. For example, stannylene
acetal of the diol 25 is thought to react with cesium fluoride
and benzyl iodide to give O-fluorostannyl derivatives, whose
NH groups may be activated through the hydrogen
bonding with cesium fluoride in the reaction mixture. The
activated NH groups may interact with Lewis acidic tin

atoms to generate reactive anionic oxygen species by the
migration of fluorostannyl groups from oxygen to nitrogen.
Then the anionic oxygen species may react with benzyl
iodide to form the dibenzylated product.

Conclusion

The original Moffatt’s procedure for the monoalkylation
of diols has been improved by the concomitant use of
cesium fluoride. Thus, the alkylation reaction was found to
proceed smoothly under very mild reaction conditions and
higher yields were obtained. In addition, this new procedure
could be successfully applied to the selective alkylation of
symmetrical and unsymmetrical diols containing some other
functional groups. Therefore, this procedure is expected to
be useful synthetically.?

Experimental

General Reactions were performed under an inert atmosphere of argon
unless otherwise specified, using a standard syringe technique for the
transfer of materials. The solvents were generally redistilled before use.
Thin-layer chromatography (TLC) was performed on Kieselgel 60F,5,
precoated plates (0.25 mm), and spots were visualized with molybdophos-
phoric acid in sulfuric acid. Preparative TLC was accomplished on
Kieselgel 60 PF , ;, precoated plates (0.75 mm; 20 x 20 cm?). Wako-gel C200
and Silicagel BW-200 were used for column chromatography. The melting
points were determined on a Yanagimoto micro hot stage melting point
apparatus and are uncorrected. The infrared (IR) spectra were recorded
with a JASCO A-102 spectrometer. The proton nuclear magnetic reso-
nance (*H-NMR) spectra were measured on a Varian EM390 spectrometer.
The chemical shift values () are reported in ppm downfield from
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tetramethylsilane as the internal standard. The optical rotations were
measured on a JASCO DIP-140 polarimeter. The mass spectra (MS) were
recorded with a JEOL JMS-DX 300 apparatus.

Materials Commercially available reagents were used without further
purification. Tetrabutylammonium fluoride (n-Bu,NF) was dried accord-
ing to the reported procedure?® and was used as 2 DMF solution (entry
7 in Table T), while commercial n-Bu,NF solution in THF (1mol-dm~3)
was used without drying (entry 14 in Table I). The following compounds
were prepared according to the reported methods: dibenzyl (R,R)-(+)-
tartrate (3)2¥; 3,4-dihydroxybutyronitrile (16)>*; 1-O-methylglycerol
(17)29; 1-O-tert-butylglycerol (18)*7; 1-O-benzylglycerol (192)>7; 1-O-
benzylglycerol (20)>7; 1-O-p-toluenesulfonylglycerol (23)*%; o,p-dihy-
droxypropiophenone (28)*>% and methyl (2S,3R)-2,3-dihydroxybutyrate
(47).39 1-Phenyl-1,3-propanediol (12) was prepared by the lithium
aluminum hydride reduction of ethyl benzoylacetate in THF. 3-((zert-
Butoxycarbonyl)amino)-1,2-propanediol (21) was obtained by the reaction
of 3-amino-1,2-propanediol with di-fers-butyl pyrocarbonate. 3-((Ben-
zyloxycarbonyl)amino)-1,2-propanediol (22) was also prepared from
3-amino-1,2-propanediol and benzyl chloroformate. 2,3-Dihydroxypro-
pionamide (25) was synthesized by the aminolysis reaction of methyl
glycerate using concentrated ammonia-water in methanol (MeOH). 2,3-
Dihydroxy-N-methylpropionamide (26) and 2,3-dihydroxy-N,N-dimethyl-
propionamide (27) were also synthesized in a similar manner, using methyl
glycerate and 40% methylamine solution in MeOH or 50% aqueous
solution of dimethylamine.

(25,3R)-2,3-Dihydroxy-N, N-dimethylbutyramide (48) A 50% aqueous
solution of dimethylamine (10 ml) was added dropwise to solid potassium
hydroxide and the evolved gaseous dimethylamine was collected at —78 °C.
To the liquid dimethylamine thus obtained, a solution of ester 47 (206 mg,
1.54 mmol) in dry MeOH (20 ml) was added, and the mixture was stirred
at room temperature for 6d. The solvent was evaporated off and the
resulting residue was chromatographed on silica gel (ethyl acetate
(EtOAc): ethanol : water="7:1:1) to give 188mg (83%) of 48 as an oil,
[@]33+23.6° (c=1.17, MeOH). IR (neat): 3380, 1630 cm”~'. NMR
(CD,;0D): 1.21 (d, J=6.4Hz, 3H, CHCHj), 2.99 (s, 3H, N-CH,), 3.14
(s, 3H, N-CH3), 3.97 (qd, /=6.4, 42 Hz, 1H, CHCH,), 4.31 (d, J=42Hz,
1H, CHCON (CH,),), 4.70 (s, 2H, OH x 2). MS m/z: 148 (M* +1), 103
(M™* —44 (Me,N)).

(4R,5R)-5-Hydroxymethyl-2,2,4-trimethyl-1,3-dioxolane (58) from 47
A mixture of the diol 47 (0.764 g, 5.7 mmol), 2,2-dimethoxypropane (2.5 ml)
and p-toluenesulfonic acid monohydrate (110 mg, 0.58 mmol) in acetone
(25ml) was stirred at room temperature for 41h. After the addition of
triethylamine (0.5ml) to the reaction mixture, the acetone and excess
2,2-dimethoxypropane were removed and an aqueous solution of sodium
bicarbonate was added to the resulting oily residue. The mixture was
extracted three times with methylene chloride and the combined extracts
were dried over anhydrous sodium sulfate. Evaporation of the solvent
gave 1.15 g of a yellow oil, which was used for the following step without
further purification. Lithium aluminum hydride (309 mg, 8.1 mmol) was
added in one portion to a solution of this oil (1.15g) in dry THF (25ml)
under ice-water cooling and the mixture was stirred at room temperature
for 61 h. The reaction mixture was cooled to 0°C, diluted with EtOAc,
and quenched by the addition of saturated aqueous sodium bicarbonate.
The precipitate formed was filtered through a pad of Celite and washed
thoroughly with EtOAc. The filtrate and washings were combined, and
concentrated under reduced pressure. The obtained residue was purified by
silica gel column chromatography (hexane-EtOAc (20—30%)) to afford
598 mg (72%) of 58 as a colorless oil, [«]3* —1.37° (¢=6.02, CHCl;). IR
(neat): 3450, 1380, 1370cm™~'. NMR (CDCly); 1.31 (d, J=5.8Hz, 3H,
CHCH,), 1.42 (s, 3H, C (CHj),), 1.43 (s, 3H, C(CHj;),), 2.83 (brt,
J=5.7Hz, 1H, OH), 3.51—4.17 (m, 4H, CHCH;, CHCH,OH). MS was mea-
sured after O-irimethylsilylation. m/z: 203 (M* —15(Me)), 204 ™~
+1) —15(Me)), 205 (M* +2) —15 (Me)), 145 M* —73 (TMN)).

(2R ,3R)-1-Methoxy-2,3-butanediol (49) A 25% potassium hydride oil
dispersion (1 ml, 6.2 mmol) was slowly added to a solution of 58 (552 mg,
3.8 mmol)in dry THF (15 ml) under ice-water cooling. The reaction mixture
was stirred at 0 °C for an additional 10 min, and then methyl iodide (1.2ml,
19.3 mmol) was added. The reaction mixture was stirred at 0 °C for 20 min
and then at room temperature for 2.5h, cooled to 0°C, and quenched by
the addition of water (1.5ml). Then 6 N hydrochloric acid (3 ml) was added
to the resulting mixture, and stirring was continued at room temperature
for 17h. The reaction mixture was neutralized by the addition of solid
sodium bicarbonate and then concentrated to give an oil-solid residue.
Chloroform (CHCI;) was added to this residue and the resulting insoluble
materials were filtered off. The filtrate was concentrated to give an orange
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oil, which was purified by silica gel column chromatography (hexane:
EtOAc=2: ; finally EtOAc) to afford 283 mg (62%) of 49 as a pale yellow
oil. []22 +3.83° (c=2.09, CHCl,). IR (neat): 3400cm™". NMR (CDCly):
1.22 (d, J=6.4Hz, 3H, CHCHjy), 3.00 (brs, 2H, OH x2), 3.41 (s, 3H,
OCH,), 3.51 (s, 2H, CH,0CH,), 3.40—3.67 (m, 1H) and 3.67—3.98 (m,
1H) (CH,CHCHCH,OCH,). MS mjz: 75 (M* —45 (MeOCH,)).

Methyl (2R,3R)-2,3-Dihydroxy-3—(N,N-dimethylcarbamoyl)propionate
(50) A mixture of methyl hydrogen (2R,3R)-2,3-O-isopropylidenetar-
trate3® (1 g, 4.9 mmol) and dimethylamine (30ml) in dry MeOH (20ml)
was stirred at room temperature for 9d. After the evaporation of the
solvent and excess dimethylamine, p-toluenesulfonic acid monohydrate
(1.13 g, 5.96 mmol) and MeOH (50 ml) were added to the oily residue and
the mixture was stirred at room temperature for 23h. The solvent was
evaporated off and the resulting residue was dissolved in acetic acid (40 ml)
and water (10 ml). This mixture was stirred at 50 °C for 3h and then the
solvent was removed under reduced pressure. The resulting residue was
again dissolved in MeOH (50ml) and the mixture was stirred at room
temperature for 21 h. Removal of the solvent gave an oily residue, which
was purified twice by silica gel column chromatography (EtOAc then
EtOAc: ethanol: water=7:1:1) to afford 746mg (80%) of 50 as a pale
yellow oil. This oil solidified upon standing at room temperature, but all
attempts to crystallize this solid from various mixed solvents failed. []3!
—17.0° (c=1.89, MeOH). IR (KBr): 3425, 1747, l644cm’ 1 NMR
(CD,OD): 3.00 (s, 3H, N(CH,),), 3.16 (s, 3H, N(CH)3),), 3.81 (s, 3H,
CO,CHs,), 4.44 (d, J=3Hz, |H, CHCON (CH,),), 4.71 (s, 2H, OH x2),
481 (d, J=3Hz, 1H, CHCO,CH,). MS mjz: 192 (M +1), 132 M* -39
(CO,Me)), 119 (M* —72 (CONMe,)).

General Procedure for Monoalkylation of Dialkyl Tartrates An
equimolar mixture of dialkyl tartrate (0.5—1 mmol) and dibutyltin oxide
(0.5—1mmol) in toluene (3—5ml) was heated under reflux for 1—2h,
removing water formed as the azeotropic mixture. The solution was
evaporated to complete dryness in vacuo to give the stannylene acetal of
dialkyl tartrate, which was used for the following step without purification.
To the stannylene acetal thus obtained, a fluoride salt (CsF, KF) and an
additive (crown ether, n-Bu,NI, KI) were added when they were used; the
amounts of these ragents are shown in Table I. The resulting mixture was
dried at room temperature in vacuo for 1—2h, and a suitable amount of
alkyl halide dissolved in dry solvent (3—S5ml) was added at room
temperature or 0°C. The reaction mixture was stirred vigorously under
the conditions given in Table I. When n-Bu,NF was used (entry 7 in Table
1), n-Bu,NF in dry DMF and benzyl iodide in dry DMF were successively
added to the stannylene acetal at room temperature, and the resulting
mixture was stirred under the condition given in Table 1. After stirring,
the solvent was removed under vacuum and the residue obtained was
extracted with ethyl acetate. The organic layer was dried over anhydrous
sodium sulfate, concentrated, and purified by silica gel column chro-
matography using hexane-EtOAc as an eluent. If necessary, further
purification by preparative TLC on silica gel was also carried out. The
following compounds were obtained in the yields shown in Table L.

Dimethyl (2R,3R)-2-O-Benzyltartrate (4) Colorless ncedles from
ether-hexane, mp 69—70°C, [«]3? +87.5° (¢=1.17, CHCI;). IR (KBr):
3500, 1730, 748, 705cm™ 1. NMR (CDCl,): 3.23 (d, J=9.2Hz, 1H, OH),
3.69 (s, 3H, CO,CH3), 3.85 (s, 3H, CO,CH3), 4.35 (d, J=2.4Hz, LH,
CHOCH,CGHjy), 4.62 (dd, J=9.2, 24Hz, 1H, CHOH), 4.45 and 4.88
(ABq, J=12.3Hz, 2H, CH,C¢Hs), 7.37 (s, SH, CgHs). Anal. Caled for
C,3H,60¢: C, 58.20; H, 6.01. Found: C, 58.02; H, 5.95.

Dimethyl (2R,3R)-2-O-(p-Nitrobenzyl)tartrate (5) Pale yellow prisms
from ether-hexane, mp 74.5—75.5°C, [«]3* +68.1° (¢c=1.03, CHCl,). IR
(KBr): 3520, 1740, 1605, 1520cm™ 1 NMR (CDCl,): 3.29 (brs, [H, OH),
3.79 (s, 3H, CO,CH,), 3.86 (s, 3H, CO,CH,;), 4.46 (d, J=2.4Hz, 1H,
CHOCH,C¢H,NO,),4.70 (d, J=2.4 Hz, 1H, CHOH), 4.59 and 4.99 (ABq,
J=132Hz, 2H, CH,C¢H,NO,), 7.54 and 8.24 (A;B,q, /J=9Hz, 4H,
C¢H,). Anal. Calcd for C,3H,;sNOg: C, 49.84; H, 4.83; N, 4.47. Found:
C, 49.73; H, 4.82; N, 4.55.

Dimethyl (2R,3R)-2-O-(p-Methoxybenzyl)tartrate (6) Colorless oil.
[e]2® +84.0° (¢c=1.72, CHCI,). IR (neat): 3500, 1748, 1612, 1515cm 1.
NMR (CDCly): 3.12 (d, J=9Hz, 1H, OH), 3.68 (s, 3H, OCH,), 3.80
(s, 3H, CO,CH;), 3.83 (s, 3H, CO,CHj), 431 (d, J=24Hz, 1H,
CHOCH,C4H,0CH3), 4.57 (dd, /=9, 2.4 Hz, |H, CHOH), 4.41and 4.75
(ABq, J=12Hz, 2H, CH,C.H,OCH,), 6.88 and 7.22 (A;,B,q, J=9Hz,
4H, C4H,). MS m/z: 298 (M™).

Dimethyl (2R,3R)-2-O-Allyltartrate (7) Colorless oil. [«]3*® +34.1°
(c=1.28, CHCI,). IR (neat): 3500, 1748, 1645cm™ 1. NMR (CDCl,): 3.29
(d, J=8.6Hz, 1H, OH), 3.83 (s, 6H, CO,CH;x2), 3.77—4.10 (m, 1H,
CH,CH=CH,), 4.20—4.50 (m, 1H, CH,CH=CH,), 435 (4, J=2.4Hz,
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IH, CHOCH,CH=CH,), 4.63 (dd, J=8.6, 24Hz, 1H, CHOH),
5.10—5.40 (m, 2H, CH=CH,), 5.63—6.10 (m, 1H, CH=CH,). MS m/z:
219 (M™* +1), 160 (M* —58 (CH, =CHCH,OH)).

Dimethyl (2R,3R)-2-O-Methyltartrate (8) Colorless oil. [«]3! +39.0°
(c=1.07, CHCl,). IR (neat): 3500, 1745cm™~!. NMR (CDCl,): 3.33 (d,
J=8.7Hz, 1H, OH), 3.49 (s, 3H, OCH,), 3.86 (s, 3H, CO,CH,), 3.88 (s,
3H, CO,CH,), 4.22 (d, J=2.7Hz, |H, CHOCH,J;4.63 (dd, J=8.7, 2.7 Hz,
1H, CHOH). MS m/z: 193 (M* +1), 133 (M —59 (CO,Me)).

Dimethyl (2R,3S) and (25,3R)-2-O-Benzyltartrate (9) Colorless oil. IR
(neat): 3475, 1740, 1603, 1499, 745, 702cm ™. NMR (CDCl,): 3.37 (d,
J=7.2Hz, 1H, OH), 3.78 (s, 6H, CO,CH, x2), 4.36 (d, J=3Hz, 1H,
CHOCH,C¢Hj), 4.63 (dd, J=7.2, 3Hz, 1H, CHOH), 4.54 and 4.88 (ABq,
J=12.2Hz, 2H, CH,C¢H;), 7.40 (s, 5H, CgHs). MS mjz: 268 (M*).

Dibenzyl (2R,3R)-2-O-Benzyltartrate (10) Colorless ncedles from
cther-hexane, mp 57—58°C, [a]3® +60.2° (c=1.42, CHCly), [2]3%3
+72.6° (¢c=1.01, EtOAc) (lit.5 mp 50—52°C, [a]2® +64.0° (c=1,
EtOAc)). IR (KBr): 3520, 1750, 1605, 1499, 738, 730, 700cm~!. NMR
(CDCly); 3.18 (d, J=9Hz, 1H, OH), 437 (d, J=2.3Hz, I1H,
CHOCH,C¢Hj), 4.65 (dd, J=9, 2.3 Hz, I1H, CHOH), 4.32 and 4.76 (ABq,
J=11.6Hz, 2H, OCH,CH;), 5.03 and 5.15 (ABq, J=12Hz 2H,
CO,CH,C¢H;), 523 (s, 2H, CO,CH,C¢H;), 7.10—7.33 (m, 10H,
CeHs x 2), 7.36 (s, 5H, CsHys). Anal. Caled for C,5H,,04: C, 71.4; H,
5.75. Found: C, 71.17; H, 5.76. This compound was prepared on a 20 mmol
scale by the following procedure. A mixture of 3 (6.61 g, 20 mmol) and
dibutyltin oxide (5.16 g, 20.7 mmol) in toluene (65 ml) was refluxed for L h,
while water formed was removed as the azeotropic mixture. After the
complete removal of the solvent under vacuum, a white solid was obtained,
CsF (assay min. 90%, 5.12 g, 30.4 mmol) was added to this solid and the
mixture was dried at room temperature in vacuo for 1h. Benzyl iodide
(9.27 g, 42.5mmol) in dry DMF (65ml) was added at room temperature
and the resulting suspension was vigorously stirred at room temperature
for 5h. The solvent was removed under vacuum and the resulting residue
was extracted with ether. The organic layer was dried over anhydrous
sodium sulfate, concentrated, and purified by silica gel column chro-
matography (hexane:EtOAc=4:1) to afford 7.87g (94%) of 10 as a
colorless solid.

Monobenzylation of 1-Phenylethanediol (11). General Procedure A
mixture of 11 (91.2mg, 0.66mmol) and dibutyltin oxide (164.3 mg,
0.66 mmol) in toluene (3 ml) was refluxed for 1h, while water formed was
removed as the azeotropic mixture. After the complete removal of the
solvent under vacuum, a white solid was obtained. To this solid, a suitable
amount of fluoride salt was added, and the resulting mixture was further
dried at room temperature in vacuo for 1—2h. In the case of entry 13 in
Table II, 5mol% of dicyclohexano-18-crown-6 was also added with the
fluoride salt at this stage and the mixture was dried as above. Then, a
suitable amount of benzyl halide in dry solvent (3ml) was added at the
temperature shown in Table IT and the reaction mixture was stirred
vigorously under the conditions given in Table II. After the removal of
the solvent under reduced pressure, benzene was added to the residue and
the resulting solution was subjected to silica gel column chromatography
using hexane-EtOAc as an eluent. The monobenzylated products, 29a and
29b, were obtained as a mixture in the yields shown in Table I1. The ratios
of regioisomers were determined from the peak intensities of benzylic
protons of each isomer in the *"H-NMR spectra. The peak corresponding
to the benzylic protons of the major isomer 29a appears at 5 4.57 as a
singlet, while that of the minor isomer 29b appears at 6 4.34 and 4.52 as
an ABq signal (J=11.7Hz).

Mixture of 2-Benzyloxy-1-phenylethanol (29a) and 2-Benzyloxy-2-
phenylethanol (29b) IR (neat): 3425, 1604, 1497, 740, 700cm~!. NMR
(CDCl,): 2.94 (brs, 1H, OH), 3.34—3.90 (m, 2H, CHCH,O), 4.34 and
4.52 (ABq, J=11.7Hz), 4.57 (s) (total 2H, CH,CH,), 4.51 (dd, J=7.3,
4.8 Hz), 4.87 (dd, /=8.3, 4.2 Hz) (total 1H, C4H;CHCH,0), 7.35 (s, 10H,
CsHs x 2). MS m/z: 228 (M ™).

General Procedure for Regioselective Benzylation of Unsymmetric
Diols An equimolar mixture of a diol (0.5—2.1 mmol) and dibutyltin
oxide (0.5—2.1 mmol) in toluene (3-—5ml) was refluxed for 1 h, while water
formed was removed as the azeotropic mixture. In the case of the diol 15,
the refluxing time was 15min, while it was 30 min for the diol 20. After
the complete removal of the solvent under vacuum, the stannylene acetal
of the diol was obtained as a solid or a syrup. To this stannylene acetal,
a suitable amount of cesium fluoride was added, and the resulting mixture
was further dried at room temperature in vacuo for 1—2h. Benzyl iodide,
in the amount given in Table III or IV, in dry DMF (3—6ml) was then
added at the temperature shown in Table I or IV and the mixture was
vigorously stirred at the same temperature for a suitable period of time.
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The solvent was removed under vacuum, and the residue was extracted
with EtOAc. The organic layer was dried over anhydrous sodium sulfate,
concentrated, and purified by silica gel column chromatography; elution
was carried out with hexane containing increasing amounts of EtOAc and
in some cases finally with EtOAc. If necessary, repeated purifications by
column chromatography and/or preparative TLC on silica gel were also
employed. The products were obtained in the yields shown in Tables 111
and IV. The ratios of the products were determined from the peak intensities
of benzylic protons of each isomer in the 'H-NMR spectra or from the
weights of each isomer separated.

3-Benzyloxy-1-phenylpropanol (30a) and 3-Benzyloxy-3-phenylpropanol
(30b) These compounds were completely separated and the ratio of 30a
to 30b was determined from their weights.

30a: IR (neat): 3420, 1603, 1497, 739, 700cm™~'. NMR (CDCl,):
1.88—2.16 (m, 2H, CHCH,CH,0), 3.33 (brs, 1H, OH), 3.45—3.83 (m (t
like), 2H, CHCH,CH,0), 4.51 (s, 2H, CH,C¢Hs), 4.90 (brt, J=6Hz, 1H,
C¢HsCH-OH), 7.36 (s, SH, CsHj), 7.37 (s, SH, CgH ). MS m/z: 242 (M ).

30b: IR (neat): 3415, 1602, 1496, 740, 703cm~'. NMR (CDCl,):
1.64—2.32 (m, 2H, CHCH,CH,0), 2.81 (brs, 1H, OH), 3.51—3.94 (m (t
like), 2H, CHCH,CH,0), 4.29 and 4.47 (ABq, J=11.9 Hz, 2H, CH,C4H),
4.59 (dd, J=8.5,4.2Hz, 1H, C¢H;CHOH), 7.34 (s, 5H, C;Hj), 7.41 (s, 5H,
C¢Hs). MS mjz: 242 (M ™).

Mixture of 1-Benzyloxy-2-propanol (31a) and 2-Benzyloxypropanol (31b)
These compounds could not be separated and the ratio of 31a to 31b was
determined by 'H-NMR. IR (neat): 3425, 1604, 1498, 740, 700cm ..
NMR (CDCl,): 1.12 (d, J=6.5Hz), 1.17 (d, J=6.5Hz) (total 3H, CH,),
2.69 (brs, 1H, OH), 3.14—3.87 (m), 3.72—4.25 (m) (total 3H, CHCH,),
4.52 and 4.63 (ABq, J=11.7Hz), 4.55 (s) (total 2H, CH,CH), 7.37 (s,
SH, C¢Hj). MS m/z: 166 (M ™).

Mixture of 4-Benzyloxy-2-butanol (32a) and 3-Benzyloxybutanol (32b)
These compounds could not be separated and the ratio of 32a to 32b
was determined by 'H-NMR. IR (neat): 3400, 1602, 1498, 738, 700 cm ..
NMR (CDCly): 1.19 (d, J=6.4Hz), 1.25 (d, J=6.2Hz) (total 3H, CH,),
1.58—1.89 (m, 2H, CHCH,CH,0), 3.02 (brs, 1H, OH), 3.46—3.86 (m (t
like)), 3.55—4.02 (m), 3.83—4.23 (m) (total 3H, CH;CHCH,CH,0), 4.52
(s), 446 and 4.62 (ABq, J=12Hz) (total 2H, CH,C.H.), 7.36 (s, 5H,
CeHs). MS m/z: 180 (M ™).

1-Benzyloxy-3-chloro-2-propanol (33a) and 2-Benzyloxy-3-chloropropa-
nol (33b) These compounds were completely separated and the ratio of
33a to 33b was determined from their weights. N

33a: IR (neat): 3410, 1603, 1497, 740, 700cm ™. NMR (CDCl,): 2.94
(brs, IH, OH), 3.40—3.77 (m, 4H, CH,CHCH,), 3.83—4.12 (m, 1H,
CH,CHCH,), 4.54 (s, 2H, CH,C¢Hs), 7.35 (s, SH, C¢Hs). MS m/z: 202
(M™*+2),200 M™).

33b: IR (neat): 3400, 1604, 1499, 742, 702cm™'. NMR (CDCl,): 2.02
(brt, J=5.7Hz, 1H, OH), 3.43—3.87 (m, 5H, CH,CHCH,), 4.64 and 4.71
(ABq, J=11.7Hz, 2H, CH,CsH;), 7.40 (s, 5H, C4H,). MS m/z: 202
M*+2),200 (M™).

1-Benzyloxy-3-cyano-2-propanol (34a) and 2-Benzyloxy-3-cyano propanol
(34b) These compounds were completely separated and the ratio of 34a
to 34b was determined from their weights.

34a: IR (neat): 3440, 2255, 1604, 1498, 743, 702cm L. NMR (CDCl,):
2.52 (d, J=6Hz, 2H, CH,CN), 3.35 (brs, 1H, OH), 3.48 (d, J=5.7Hz,
2H, CH,0), 3.76—4.19 (m, [H, CHOH), 4.52 (s, 2H, CH,CH,), 7.32 (s,
5H, C¢Hi). MS m/z: 191 (MY).

34b: IR (neat): 3440, 2250, 1498, 740, 699cm~!. NMR (CDCl,): 2.07
(brs, 1H, OH), 2.63 (d, J=5.7Hz, 2H, CH,CN), 3.47—3.93 (m, 3H,
CHCH,OH), 4.64 and 4.68 (ABq, J=11.4Hz, 2H, CH,C4H;), 7.40 (s,
5H, CsHs). MS m/z: 191 (M ™).

1-O-Benzyl-3-O-methylglycerol (35a) and 2-O-Benzyl-1-O-methylglycerol
(35b) These compounds were partially separated by repeated chroma-
tography and the ratio of 35a to 35b was determined by 'H-NMR.

35a: IR (neat): 3450, 1605, 1499, 740, 700cm™!. NMR (CDCl,): 2.79
(d, J=44Hz, 1H, OH), 3.37 (s, 3H, OCH,), 3.39—3.63 (m, 4H,
CH,CHCH,), 3.83-—4.18 (m, 1H, CH,CHCH,), 4.56 (s, 2H, CH,CH.),
7.38 (s, SH, CqHjs). MS m/z: 196 (M ™).

35b: IR (neat): 3425, 1604, 1497, 740, 700cm™!. NMR (CDCl,): 2.32
(brs, 1H, OH); 3.37 (s, 3H, OCH;), 3.44—3.80 (m, 5H, CH,CHCH,),
4.65 and 4.69 (ABq, J=12Hz, 2H, CH,CH;), 7.38 (s, 5H, C¢H;). MS
mjz: 196 (M ).

1-O-Benzyl-3-O-tert-butylglycerol (36a) and 2-0-Benzyl-1-O-tert-butyl-
glycerol (36b) These compounds were partially separated by repeated
chromatography and the ratio of 36a to 36b was determined by '"H-NMR.

36a: IR (neat); 3450, 1604, 1498, 1390, 1368, 738, 700cm™!. NMR
(CDCL,): 1.19 (s, 9H, (CH,);C), 2.71 (d, 1H, J=4.2Hz, OH), 3.27—3.70
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(m, 4H, CH,CHCH,), 3.75—4.12 (m, 1H, CH,CHCH,), 4.57 (s, 2H,
CH,CGH,), 7.38 (s, SH, C¢Hj). MS m/z: 238 (M™).

36b: IR (neat): 3430, 1603, 1496, 1389, 1366, 737, 698 cm”!. NMR
(CDCl,): 1.20 (s, 9H, (CH,);C), 2.59 (brs, 1H, OH), 3.37—3.82 (m, 5H,
CH,CHCH,), 4.65 and 4.68 (ABq, J=12Hz, 2H, CH,C¢H;), 7.37 (s, 5H,
CeHs). MS m/z: 223 (M* —15 (Me)), 181 (M* —57 (tert-Bu)), 165 m+
—73 (tert-Bu0)), 147 (M* —91 (PhCH,)).

1,3-Di-O-benzylglycerol (37a) and 1,2-Di-O-benzylglycerol (37b) These
compounds were partially separated by repeated chromatography and the
ratio of 37a to 37b was determined by "H-NMR.

37a: IR (neat): 3440, 1604, 1498, 739, 700 cm™!. NMR (CDCl,): 2.78
(brs, 1H, OH), 3.38—3.76 (m (d like), 4H, CH,CHCH,), 3.87—4.16 (m,
{H, CH,CHCH,), 4.53 (s, 4H, CH,C¢H; x 2), 7.35 (s, 10H, C¢H; x2).
MS m/z: 272 (M™).

37h: IR (neat): 3440, 1604, 1498, 740, 701cm~*. NMR (CDCl,): 2.32
(brs, 1H, OH), 3.47—3.89 (m, SH, CH,CHCH,), 4.53 (s, 2H, CH,C¢H;),
4.62 and 4.67 (ABq, J=12Hz, 2H, CH,C¢H5), 7.35 (s, 10H, CgH; x 2).
MS mfz: 272 (M™).

Mixture of 1-O-Benzoyl-3-O-benzylglycerol (38a) and 1-O-Benzoyl-2-O-
benzylglycerol (38b) These compounds could not be separated and the
ratio of 38a to 38b was determined by 'H-NMR after the removal of the
benzoyl group. NMR (CDCly): 2.45 (brs), 2.87 (d, J=5.1Hz) (total 1H,
OH), 3.47—4.07 (m), 4.07—4.33 (m), 4.33—4.57 (m) (total 5H,
CH,CHCH,), 4.58 (s), 4.69 and 4.74 (ABq, J=12Hz) (total 2H,
CH,C4¢Hs), 7.20—17.72 (m, 3H, C,H,CO), 7.33 (s, SH, CH,C¢Hy),
7.97—8.20 (m, 2H, C4HsCO).

1-Benzyloxy-3-({tert-butoxycarbonyl)amino)propan-2-ol (392) and 2-
Benzyloxy-3-((tert-butoxycarbonyl)amino)propanol (39b) A mixture of the
diol 21 (340mg, 1.78 mmol) and dibutyltin oxide (443 mg, 1.78 mmol) in
toluene (6ml) was refluxed for 1h, while water formed was removed as
the azeotropic mixture. The solution was evaporated to complete dryness
under vacuum and CsF (314mg, 1.86mmol) was added to the residue.
The mixture was further dried at room temperature in vacuo for 1h and
then dry DMF (5ml) was added. The resulting solution was stirred at
room temperature for 3h, then benzyl iodide (776 mg, 3.56 mmol) in dry
DMEF (2ml) was added. The reaction mixture was further stirred at room
temperature for 120h. The solvent was removed under vacuum and the
residue was extracted with EtOAc. The organic layer was dried over
anhydrous sodium sulfate, concentrated, and purified repeatedly by silica
gel column chromatography (hexane— EtOAc) to afford 356 mg (71%) of
39a and 39b as an oil. This mixture was subjected to 'H-NMR measurement
to determine the ratio of 39a to 39b. Partial separation of 39a and 39b
was accomplished through the above purification.

39a: IR (neat): 3390, 1700, 1392, 1368, 739, 700cm ~*. NMR (CDCl,):
1.44 (s, 9H, (CH,);C), 2.95—3.65 (m, 5H, CH,CHCH, and OH),
3.72—4.07 (m, 1H, CH,CHCH,), 4.54 (s, 2H, CH,C¢Hy), 5.17 (br t,
J=57Hz, 1H, NH), 7.37 (s, 5H, C¢Hs). MS mjz: 208 (M*—73
(tert-Bu0Q)), 180 (M* —101 (tert-BuOCO)).

39b: IR (neat): 3370, 1700, 1392, 1368, 739, 700cm™*. NMR (CDCl,):
1.45 (s, 9H, (CH,);C), 3.10 (brs, 1H, OH), 3.22—3.80 (m, 5H,
CH,CHCH,), 4.61 (s, 2H, CH,C4Hy), 4.97 (brs, 1H, NH), 7.40 (s, 5H,
CgH,). MS m/z: 208 (M* —73 (tert-Bu0)), 180 (M * — 101 (tert-BuOCO)).

1,2-Di(benzyloxy)-3-((tert-butoxycarbonyl)amino)propane (9.7 mg,
1.5%) was also isolated. IR (neat): 3430, 3370, 1700, 1392, 1368, 737,
700cm ™% NMR (CDCl,): 1.44 (s, 9H, (CH;);C), 3.19—3.83 (m, 5H,
CH,CHCH,), 4.56 (S, 2H, CH,C¢H3), 4.63 and 4.68 (ABq, /=12Hz, 2H,
CH,C,H,), 4.81 (brs, 1H, NH), 7.39 (s, [0H, C¢H; x2). MS m/z: 314
(M* =57 (tert-Bu)), 298 (M*—73 (tert-Bu0Q)), 270 M* =101 (tert-
BuOCO)). .

1-Benzyloxy-3-((benzyloxycarbonyl)amino)propan-2-ol (40a) and 2-Ben-
zyloxy-3-((benzyloxycarbonyl)amino)propanol (40b) These compounds
were prepared from the diol 22 in 74% yield in a manner similar to that
described for the preparation of compounds 39a and 39b from the diol
21; the ratio of 40a to 40b was determined by "H-NMR. Partial separation
of 40a and 40b was possible by repeated chromatography.

40a: IR (neat): 3400, 1700, 740, 700cm™~*. NMR (CDCly): 2.98 (d,
J=42Hz, 1H, OH), 3.07—3.63 (m, 4H, CH,CHCH,), 3.70—4.05 (m,
1H, CH,CHCH,), 4.51 (s, 2H, CH,C¢HJ), 5.10 (5, 2H, CcHsCH,0CO),
5.31 (brs, 1H, NH), 7.35 and 7.37 (S x 2, 5SH x 2, CsH; x 2). MS m/z: 224
(M™* =91 (PhCH,)), 180 (M* —135 (PhCH,0CO)).

40b: IR (neat): 3420, 3330, 1700, 740, 700cm~*. NMR (CDCl3): 2.70
(brs, 1H, OH), 3.20—3.80 (m, 5H, CH,CHCH,), 4.58 (s, 2H, CH,C4Hj),
5.11 (s, 2H, C4HsCH,0CO), 5.17 (brs, 1H, NH), 7.36 and 7.38 (Sx2,
SHx2, CgHgx2). MS m/z: 224 (M™—91 (PhCH,)), 180 (M* —135
(PhCH,0CO)).
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1,2-Di(benzyloxy)-3-((benzyloxycarbonyl)amino)propane was also ob-
tained in 3% yield. TR (neat): 3425, 3330, 1712, 737, 700cm~!. NMR
(CDCl,): 3.14—3.86 (m, SH, CH,CHCH,), 4.53 (s, 2H, CH,C¢H5), 4.60
and 4.65 (ABq, J=12Hz, 2H, CH,C¢Hs), 5.08 (br s, IH, NH), 5.11 (s,
2H, C¢H,CH,0CO0), 7.37 (s), 7.39 (s) (total 15H, CsH; x 3). MS m/z: 314
(M*—91 (PhCH,)), 270 (M* — 135 (PhCH,0CO)).

Methyl 2-Hydroxy-3-(benzyloxy)propionate (42a) and Methyl 2-Ben-
zyloxy-3-hydroxypropionate (42b) These compounds were partially sep-
arated by repeated chromatography and the ratio of 42a to 42b was
determined by 'H-NMR.

42a: IR (neat): 3475, 1740, 1604, 1498, 742, 700cm~'. NMR (CDCl,):
3.32 (d, J=6.9Hz, 1H, OH), 3.75 (d, /=3.1Hz, 2H, CHCH,), 3.77 (s,
3H, CO,CH,;), 4.20—4.44 (m, 1H, CHCH,), 4.57 (s, 2H, CH,C¢Hj5), 7.33
(s, SH, C4Hs). MS m/z: 210 (M ™).

42b: IR (neat): 3450, 1737, 1604, 1498, 743, 701 cm ™. NMR (CDCl,):
2.58 (brs, 1H, OH), 3.77 (s, 3H, CO,CHj,), 3.85 (m, 2H, CH,0H), 4.08
(dd, J=5.6, 3.9Hz, 1H, CHCH,), 4.52 and 4.80 (ABq, /=11.5Hz, 2H,
CH,C¢Hy), 7.39 (s, SH, CgHs). MS m/z: 210 (M¥).

2-Hydroxy-3-(benzyloxy)propionamide (43a) and 2-Benzyloxy-3-hydrox-
ypropionamide (43b) These compounds were partially separated by
repeated chromatography and the ratio of 43a to 43b was determined by
TH-NMR.

43a: Colorless leaflets from hexant—ether—EtOAc. mp 98—98.5°C. IR
(K Br): 3450, 3330, 3200, 1650, 748, 700 cm ™. NMR (CD;0D): 3.56—3.86
(m, 2H, CHCH,), 4.25 (dd, J=5.1, 4.0Hz, 1H, CHCH,), 4.57 (s, 2H,
CH,C4Hs), 4.76 (s, 3H, OH and CONH,), 7.38 (s, 5H, CsHs). Anal. Caled
for C,,H,3NO;: C, 61.52; H, 6.71; N, 7.18. Found: C, 61.48; H, 6.72; N,
6.99.

43b: Colorless needles from hexane—ether-EtOAc, mp 112.5—113.5°C.
IR (KBr): 3370, 3220, 1658, 740, 700cm~'. NMR (CD;0D): 3.52—
4.02 (m, 3H, CHCH,), 4.67 (s, 2H, CH,C¢H,), 4.77 (s, 3H, OH and
CONH,), 7.41 (s, SH, C4Hs). Anal. Calcd for C;oH,;;03N: C, 61.52;
H, 6.71; N, 7.18. Found: C, 61.22; H, 6.58; N, 6.88.

2,3-Di(benzyloxy)propionamide was also formed in 17.5% yield in this
reaction. Colorless needles from hexane-ether, mp 74.5—76 °C. IR (KBr):
3377, 3200, 1657, 1498, 742, 700cm~'. NMR (CDCl;): 3.64—3.99 (m,
2H, CHCH,), 408 (dd, J=5.0, 3.1Hz, 1H, CHCH,), 4.57 (s, 2H,
CH,C4H), 4.67 (s, 2H, CH,C¢Hs), 6.56 (brs, 1H, CONH,), 6.76 (br s,
1H, CONH,), 7.36 (s, 5H, C¢Hs), 7.38 (s, 5SH, C¢Hs). Anal. Caled for
C,,H,,NO;:C,71.56;H, 6.71;N,4.91. Found: C, 71.30; H, 6.72; N, 5.16.

N-Methyl-2-hydroxy-3-(benzyloxy)propionamide (44a) and N-Methyl-2-
benzyloxy-3-hydroxypropionamide (44b) These compounds were com-
pletely separated and the ratio of 44a to 44b was determined from their
weights.

44a: IR (neat): 3350, 1650, 1498, 741, 701 cm ™. NMR (CDCly): 2.79
and 2.85 (Sx2, 3H, CONHCHj,), 3.46—3.90 (m, 3H, CH,0OCH,CsH;
and OH), 4.10—4.36 (m, 1H, CHCONHCH,), 4.56 (s, 2H, CH,CsHs),
6.83 (brs, IH, CONHCH,), 7.38 (s, SH, C¢Hs). MS mj/z: 210 (M " +1),
179 (M* —30(MeNH)), 118 (M* —91 (PhCH,)).

44b: IR (neat); 3360, 1650, 1498, 738, 700cm™'. NMR (CDCly): 2.79
and 2.85 (S x 2, 3H, CONHCH3;), 2.92 (brs, 1H, OH), 3.70—4.08 (m, 3H,
CHCH,), 4.64 and 4.66 (ABq, J=11.7Hz, 2H, CH,C4Hj), 6.78 (brs, 1H,
CONHCH,), 7.39 (s, 5H, C¢Hs). MS m/z: 210 (M* +1), 179 (M™ =30
(MeNH)).

N-Methyl-2,3-di(benzyloxy)propionamide was also formed in 9.7% yield
in this reaction. IR (neat): 3425, 3330, 1660, 1498, 734, 698cm~!. NMR
(CDCl,): 2.79 and 2.85 (Sx2, 3H, CONHCH,), 3.62—4.0 (m, 2H,
CHCH,), 4.10 (dd, J=4.8, 2.7Hz, 1H, CHCH,), 4.56 (s, 2H, CH,C¢Hj),
4.63 and 4.69 (ABq, J=11.7Hz, 2H, CH,C¢H;), 6.77 (brs, 1H,
CONHCHS,), 7.35 (s, SH, C¢Hy); 7.38 (s, 5H, CHs). MS m/z: 300 M*+1),
208 (M* —91 (PhCH,)), 192 (M* —107 (PhCH,0)).

N,N-Dimethyl-2-hydroxy-3-(benzyloxy)propionamide (45a) and N,N-
Dimethyl-2-benzyloxy-3-hydroxypropionamide (45b) These compounds
were completely separated and the ratio of 45a to 45b was determined
from their weights.

45a: IR (neat): 3400, 1638, 1498, 740, 700cm ™~ ': MMR (CDCl;): 2.96
(s, 3H, N(CH3;),), 3.01 (s, 3H, N(CH3),), 3.62(d, /=5.1 Hz, 2H, CHCH,),
3.77 (brs, 1H, OH), 4.58 (s, 2H, CH,CH;), 4.63 (br t, J=5.1 Hz, IH,
CHOH), 7.38 (s, 5H, C¢H;). MS m/z: 223 (M*).

45b: IR (neat): 3400, 1637, 1500, 739, 702cm~!. NMR (CDCly): 2.79
(brs, 1H, OH), 2.97 (s, 3H, N(CH,),), 3.02 (s, 3H, N(CHj;),), 3.91 (d,
J=5.1Hz, 2H, CHCH,), 4.35 (t, J=5.1Hz, 1H, CHCH,), 4.57 and 4.63
(ABq, J=11.7Hz, 2H, CH,C¢Hy), 7.39 (5, SH, CsHs). MS m/z: 224
(M* +1), 151 (M*—72 (CONMe,)), 132 (M 91 (PhCH,)).

Methyl (25,3R)-2-Hydroxy-3-(benzyloxy)butyrate (52a) and Methyl
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(25,3R)-2-Benzyloxy-3-hydroxybutyrate (52b) These compounds were
completely separated and the ratio of 52a to 52b was determined from
their weights.

52a: [o]® —27.2° (¢=1.59, CHCL,). IR (neat): 3475, 1740, 1604, 1498,
739, 699cm ™. NMR (CDCL,): 1.30 (d, J=6.4 Hz, 3H, CHCHS), 3.18 (d,
J=17.8Hz, 1H, OH), 3.69 (s, 3H, CO,CH3), 3.90 (qd, /J=6.4, 2.5Hz, 1H,
CHCH,), 4.06 (dd, /=7.8, 2.5Hz, 1H, CHCO,CH3), 4.40 and 4.57 (ABq,
J=11.7Hz, 2H, CH,C¢H;), 7.31 (s, 5H, C¢Hs). MS m/z: 224 (M ™).

52b: [«]3> —89.6° (¢=1.57, CHCL,). IR (ncat) 3475, 1740, 1604, 1499,
748, 702cm ™. NMR (CDCl,): 1.21 (d, /=6.3 Hz, 3H, CHCH,;), 2.52 (d,
J=48Hz, 1H, OH), 3.76 (s, 3H, CO,CHj,), 3.81 (d, J=4.8Hz, 1H,
CHCO,CH,), 3.89—4.22 (m, 1H, CHCH,), 443 and 4.74 (ABg,
J=11.4Hz, 2H, CH,C4Hj), 7.37 (s, 5H, C¢Hs). MS mj/z: 165 (M* =59
(CO,Me)), 91 (PhCH,).

(25,3R)-N,N-Dimethyl-2-hydroxy-3-(benzyloxy)butyramide (53a) and
(25,3R)-N,N-Dimethyl-2-benzyloxy-3-hydroxybutyramide (53b) These
compounds were completely separated and the ratio of 53a to 53b was
determined from their weights.

53a: [«]3® +7.68° (c=2.87, CHCL). IR (neat): 3425, 1635, 740,
700cm ™. NMR (CDCl,): 1.22 (d, J=6.3Hz, 3H, CHCH,), 2.89 (s, 3H,
N(CHs),), 2.97 (s, 3H, N(CHy),), 3.76 (qd, J=6.3, 3.6 Hz, 1H, CHCH,),
3.89(d,/=7.3Hz, 1H, OH),4.42(dd, J="7.3, 3.6 Hz, IH, CHCON(CHS,),),
4.49 and 4.62 (ABq, J=12.3Hz, 2H, CH,C¢H3), 7.35 (s, 5H, C4Hs). MS
mjz: 238 (M* +1), 193 (M* —44 (NMe,)), 146 (M —91 (PhCH.,)).

53b: [a]3® —57.3° (c=1.00, CHCl,). IR (neat): 3410, 1632, 738,
700cm™'. NMR (CDCl,): 1.21 (d, J=6.2 Hz, 3H, CHCH,), 2.96 (s, 3H,
N(CHy),), 3.02 (s, 3H, N(CHj,),), 3.28 (brs, 1H, OH), 3.81—4.24 (m, 1H,
CHCH,), 4.09 (d, J=2.6Hz, 1H, CHCON(CHj,),), 4.48 and 4.70 (ABq,
J=11.7Hz, 2H, CH,C¢Hy), 7.37 (s, 5H, C¢Hs). MS m/z: 193 (M* —44
(NMe,)), 146 (M* —91 (PhCH,)).

Mixture of (2R,3R)-1-Methoxy-3-(benzyloxy)butan-2-ol (54a) and
(2R,3R)-1-Methoxy-2-(benzyloxy)butan-3-ol (54b) These compounds
could not be separated and the ratio of 54a to 54b was determined by
'H-NMR.

This mixture showed the optical rotation; [a]3? —39.0° (c=5.53,
CHCl,). IR (neat): 3440, 1604, 1498; 740, 700 cm ™~ !. NMR (CDCl,): 1.18
(d, J=64Hz) and 1.21 (d, J=6.2Hz) (total 3H, CHCH;), 2.70 @,
J=5.2Hz) and 2.82 (d, J=4.2Hz) (total 1H, OH), 3.36 (s, 3H, OCH,),
3.36—4.09 (m, 4H, CH,CHCHCH,OCH,), 4.49 and 4.63 (ABq, J=
11.4Hz), 4.59 and 4.76 (ABq, J=11.7 Hz) (total 2H, CH,C4Hs), 7.37 (s)
and 7.38 (s) (total SH, CgHy). MS m/z: 210 (M ™).

Methyl (2R,3R)-2-Hydr0xy-3—(N,N—dimethylcarbamoyl)—3-(benzyloxy)—
propionate (55a) and Methyl (2R,3R)-2-Benzyloxy-3-(N, N-dimethylcarba-
moyl)-3-hydroxypropionate (55b) These compounds were completely
separated and the ratio of 55a to 55b was determined from their weights.

55a: Pale yellow prisms from hexane-ether-EtOAc. mp 63.5—64.5°C,
[o]3® +103.7° (¢=1.02, CHCl,). IR (KBr): 3410, 1750, 1643, 1500, 750,
703cm ™', NMR (CDCl,): 2.68 (s, 3H, N (CH;),) and 2.93 (s, 3H,
N(CH,),), 3.86 (s, 3H, CO,CH,), 4.14 (d, J=2.7Hz, 1H, CHCON
(CHj),), 4.17 (d, J=8.1Hz, 1H, OH), 4.77 (dd, J=8.1 Hz, 2.7Hz, 1H,
CHCO,CH,), 4.43 and 4.87 (ABq, J=12.8 Hz, 2H, CH,C¢Hy), 7.37 (s,
5H, CeHs). Anal. Caled for C;,H,,NOs: C, 59.77; H, 6.81; N, 4.98.
Found: C, 59.84; H, 6.82; N, 4.88.

55b: [a]3* +36.6° (c=1.64, CHCL,). IR (neat): 3370, 1744, 1640, 1500,
750, 703cm.”! NMR (CDCl,): 3.01 (s, 3H, N(CHj,),) and 3.10 (s, 3H,
N(CH,),), 3.76 (brs, 1H, OH), 3.73 (s, 3H, CO,CH,), 4.55 (d, /=3 Hz,
1H, CHCON (CH3),), 4.60 (d, J=3Hz, |H, CHCO,CH,), 4.43 and 4.74
(ABq, J=12Hz, 2H, CH,C.H;), 7.36 (s, SH, C¢H,). MS mjz: 282
(M7™+1),222 (M* —59 (CO,Me)), 190 (M* —91 (PhCH,)), 91 (PhCH,),
72 (CONMe,).

2-Methyl-4-(benzyloxy)pentan-2-ol (56a) A mixture of the diol 51
(146 mg, 1.23 mmol) and dibutyltin oxide (307 mg, 1.23 mmol) in toluene
(4ml) was refluxed for 2h, while water formed was removed as the
azeotropic mixture. The solution was evaporated to complete dryness
under vacuum and CsF (assay min. 90%, 290 mg, 1.72 mmol) was added
to the residue. The mixture was further dried at room temperature in vacuo
for 1'h and then dry DMF (2ml) was added. The resulting solution was
stirred at 50 to 53°C for 1h, then benzy! iodide (490 mg, 2.25mmol) in
dry DMF (4ml) was added. The reaction mixture was further stirred at
the same temperature for 42h. The solvent was removed under vacuum
and the residue was extracted with EtOAc. The organic layer was dried
over anhydrous sodium sulfate, concentrated, and purified by silica gel
column chromatography (hexane-EtOAc) to give an oil. This oil was
further purified by preparative TLC on silica gel (benzene: EtOAc=2:1)
to afford 128 mg (50%) of 56a as a colorless oil. IR (neat): 3475, 1602,
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1500, 740, 700cm™'. NMR (CDCly): 1.21 (s, 6H, CH,x2), 1.24 (d,
J=7.2Hz, 3H, CHCHj;), 1.37—2.03 (m, 2H, CH,CHCH,), 3.77—4.17
(m, 1H, CH,CHCHj), 3.98 (s, 1H, OH), 4.42 and 4.64 (ABq, J=11.4Hz,
2H, CH,C¢Hs), 7.37 (s, SH, CoHs). MS m/z: 208 (M ™).

General Procedure for Benzylation of Glycerol A mixture of glycerol
(89 mg, 0.97mmol) and dibutyltin oxide (241 mg, 0.97 mmol) in toluene
(3ml) was refluxed for 1h, while water formed was removed as the
azeotropic mixture. The solution was evaporated to complete dryness
under vacuum and a suitable amount of CsF was added to the resulting
white solid. The mixture was further dried at room temperature in vacuo
for 1 h. Then benzyl iodide, in the amount shown in Table V, in dry DMF
(3 ml) was added at 0°C. The reaction mixture was stirred vigorously at
0to 3°C for the period of time shown in Table V. EtOAc was then added
to the reaction mixture and the resulting insoluble materials were filtered
through a pad of Celite and washed with EtOAc. The filtrate and wash-
ings were combined, and concentrated under reduced pressure. The ob-
tained residue was purified by silica gel column chromatography using
hexane-EtOAc as an eluent. The monobenzylated products and the di-
benzylated products were easily separated, and both of them were isolated
as mixtures of regioisomers. The isolated yields are listed in Table V. The
ratios of regioisomers were determined from the peak intensities of benzylic
protons of each isomer in the 'H-NMR spectra. '"H-NMR data for the
mixture are given below.

19a and 19b: NMR (CDCl,): 3.30—4.03 (m, 7H, CH,CHCH, and
OH x 2), 4.52 (s) and 4.61 (s) (total 2H, CH,C¢Hs), 7.36 (s, SH, C,H,).

37a and 37b: NMR (CDCl;): 2.49 (brs) and 2.84 (d, J=3.9Hz) (total
IH, OH), 3.37—3.79 (m) and 3.84—4.16 (m) (total 5H, CH,CHCH,),
4.52 (s), 4.62 and 4.67 (ABq, J= 12 Hz) (total 4H, CH,C¢H, x 2), 7.33 (s,
10H, C¢H; x 2).
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