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The procedures in Organic Syntheses are intended for use only by persons with proper
training in experimental organic chemistry. All hazardous materials should be handled
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management of chemical waste, see Chapter 8 of Prudent Practices.
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should be carried out that includes a review of the potential hazards associated with each
chemical and experimental operation on the scale that is planned for the procedure.
Guidelines for carrying out a risk assessment and for analyzing the hazards associated
with chemicals can be found in Chapter 4 of Prudent Practices.
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hereby disclaim any liability for any injuries or damages claimed to have resulted from or
related in any way to the procedures herein.
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SYNTHESIS OF 1,2:5,6-DIANHYDRO-3,4-O-ISOPROPYLIDENE-L-
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1. Procedure

A. 1,2:3,4:5,6-Tri-O-isopropylidene-L-mannitol (2). A 2-L, two-
necked, round-bottomed flask equipped with a powder funnel and a
magnetic stirbar is charged with L-mannonic acid y-lactone (20 g, 0.11 mol)
(Note 1) and 300 mL of methanol. The resulting suspension is cooled in an
ice bath and lithium borohydride (4.12 g, 0.193 mol) is added in several
portions via the powder funnel (Note 2) over 30 min. Caution! Extensive
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foaming due to hydrogen gas evolution. After the addition is complete, the
ice bath is removed and the mixture is stirred for an additional 30 min. The
reaction mixture is then recooled in an ice-bath and quenched by the
addition of 4N HCI in dioxane (Note 3) until the mixture stops bubbling (1-2
mL). The mixture is then transferred to a 2-L, single-necked, round-
bottomed flask and the solvent is concentrated at reduced pressure until a
glassy solid is obtained (Note 4). The round-bottomed flask is fitted with a
three-way stopcock to which a nitrogen-filled balloon is attached. The solid
is then suspended in 100 mL of acetone and 2,2-dimethoxypropane (78 mL,
0.66 mol) (Note 5) is added in one portion. Next, 4N HCI in dioxane (82.5
mL, 0.33 mol) is added slowly with stirring. The reaction mixture is stirred
at ambient temperature for 16 h, during which time it becomes bright red in
color. If TLC analysis indicates the reaction is not complete (Note 6), then
an additional portion of 2,2-dimethoxypropane (13 mL, 0.11 mol) is added
and stirring is continued for an additional 6 h. The solvent volume is then
reduced by 80% at reduced pressure and the reaction mixture is slowly
poured into 400 mL of saturated sodium bicarbonate solution. The product
precipitates from solution, and after 10-12 h the solid is collected on a
Biichner funnel and air-dried (Note 7). The waxy solid is dissolved in 350
mL of absolute ethanol and cooled to =78 °C to give 23.1-24.3 g (69%) of
the product as a white solid. A second crop of crystals is collected (5.7-5.9
g) and combined to give a final yield of 29.0-30.0 g (86-87%) (Notes 8, 9).
B. 3,4-O-Isopropylidene-L-mannitol (3). A 2-L, single-necked, round-
bottomed flask equipped with a magnetic stirbar is charged with 1,2:3,4:5,6-
tri-O-isopropylidene-L-mannitol (2) (20 g, 0.066 mol) and 300 mL of 60%
acetic acid. The flask is attached to a rotary evaporator (at atmospheric
pressure) and the reaction mixture is stirred at 45 °C for ca. 1.5 h. At that
point, monitoring by TLC indicates that the reaction has progressed
approximately halfway to completion. The pressure in the rotary evaporator
is then reduced to 1 mmHg (by attaching it to a vacuum pump in a hood),
and the bath temperature is reduced to 40 °C. Under these conditions, full
removal of the solvent is achieved in ca. 60 min to yield a highly viscous
slurry. This residue is taken up in 200 mL of dichloromethane, stirred for 10
min, and any precipitate is removed by filtration through Celite (Note 11).
The filtrate is concentrated at reduced pressure, and the residue is
crystallized from 120 mL of diethyl ether and dried at I mmHg to give 9.8 g
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(67%) of the product as a white solid. The filtrate is concentrated to a
volume of 50 mL and a second crop of 1.1 g (7%) is collected by filtration
and combined to give a final yield of 10.9 g (74%) (Notes 12, 13).

C. 1,2:5,6-Dianhydro-3,4-O-isopropylidene-L-mannitol (4). A 1-L,
two-necked, round-bottomed flask equipped with a nitrogen inlet, addition
funnel, and a magnetic stirbar is charged with 3,4-O-isopropylidene-L-
mannitol (14.5 g, 0.065 mol), 160 mL of dry toluene (Note 14), and
triphenylphosphine (42.9 g, 0.163 mol). The stirred suspension is cooled
under a nitrogen atmosphere in an ice bath while diethyl azodicarboxylate
(25.9 mL, 0.163 mol) (Note 15) is added dropwise over 20 min. During the
addition the reaction mixture becomes homogeneous. After the addition is
complete, the ice bath is replaced with an oil bath, the addition funnel is
replaced with a reflux condenser, and the reaction mixture is heated at reflux
with continued stirring for 1-2 h (Note 16). The resulting pink reaction
mixture is allowed to cool to room temperature, applied directly to a dry
silica gel column, and eluted with 30-50% ether/hexane to give 9.4 g (78%)
of the desired product as a volatile oil (Note 17).

2. Notes

1. L-Mannonic acid y-lactone was purchased from Sigma Chemical
Company, St. Louis, MO.

2. If the lithium borohydride sticks to the spatula or powder funnel,
additional methanol can be used to wash the material into the reaction
mixture without affecting the yield. On this reaction scale, an additional 25-
50 mL of methanol could be used. Using 2.0M LiBH, in THF instead of
solid LiBH,4 complicates the following step resulting in lower yields.

3. 4N HCI in dioxane was purchased from Aldrich Chemical
Company, Inc.

4. Caution should be used evaporating the solvent, as the residue tends
to foam upon concentration. Concentration is carried out by rotary
evaporation and then for 30 min at high vacuum (1 mmHg) while warming
with a heat gun to remove all of the methanol.

5. Purchased from Aldrich Chemical Company, Inc. and used as
received.
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6. The reaction was monitored using TLC with 60% ether/hexane as
the eluent. The desired product has R¢= 0.95 and the undesired diacetonide
has R¢=0.25. Visualization was done using p-anisaldehyde.

7. The checkers found that best results were obtained when the
trisacetonide was allowed to precipitate from the sodium bicarbonate
solution over 10-12 h.

8. The checkers found that it was necessary to cool the crystallization
solution to —78 °C to induce crystallization.

9. The physical and spectral properties are as follows: mp 72-74 °C;
[a]p = —13.4 (CHCl5, ¢ 1.2); '"H NMR (400 MHz, CDCl3) &: 1.4 (s, 6 H),
1.45 (s, 6 H), 1.5 (s, 6 H), 4.05 (m, 4 H), 4.15 (m, 2 H), 4.25 (m, 2 H); CIMS
(NH;) m/z: 303 (M+H", 100%).

10. The reaction was monitored using TLC with 5% MeOH/CH,C, as
the eluent. The desired monoacetonide 3 has a Ry = 0.25. It was desirable to
run the reaction to the point where most of the higher Ry components were
consumed. This will produce some unwanted L-mannitol that can be filtered
off as described above.

11. The L-mannitol recovered in this manner could be recycled if
desired.

12. The checkers found that further hydrolysis of mannitol diacetonide
can occur during the removal of solvent, and that removal of all acetic acid
from the product was problematic. Residual acetic acid in the product
complicates the next step. The procedure described reduces these problems.

13. The physical and spectral properties are as follows: mp 83-86 °C;
[a]p = —26.4 (H,0, ¢ 3); 'H NMR (400 MHz, DMSO-dg) &: 1.25 (s, 6 H),
3.35(m, 2 H), 3.5 (m, 4 H), 3.85 (m, 2 H), 445 (t, /=59 Hz, 2H),5.1(d,J
= 4.4 Hz, 2 H); °C NMR (100 MHz, DMSO-d¢) &: 29.1, 64.8, 74.7, 80.9,
110.1; CIMS (NH3) m/z: 240 (M+NH4+, 100%); Anal. caled. for CoH,404: C,
48.64; H, 8.16. Found: C, 48.54; H, 8.16.

14. The toluene used was from a freshly opened bottle obtained from
EM Science.

15. Neat DEAD was unavailable from commercial sources at the time
the procedure was being checked. Therefore, the checkers used a
commercially available 40% solution of DEAD in toluene with results
comparable to that described in the original procedure.
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16. The reaction was initially monitored using 10% MeOH/CH,Cl, to
follow the disappearance of tetraol 3. The appearance of the diepoxide 4 is
monitored using 50% ether/hexane.

17. The physical and spectral properties are as follows: [a]p = + 0.38
(CHCl;, ¢ 0.8); '"H NMR (400 MHz, CDCl5) &: 1.40 (s, 6 H), 3.77 (dd, 2 H, J
=29,1.4),2.65(dd, 2 H,J=5.2,3.0),2.80 (t, 2 H, J=9.5), 3.10 (m, 2 H);
C NMR (100 MHz, CDCl;) &: 16.6, 27.9, 46.3, 52.6, 79.5, 111.5; CIMS
(NH; m/z: 204 (M+NH4+, 100%); Anal caled. for CoH4O04: C, 58.05; H,
7.58. Found: C, 57.78; H, 7.52.

3. Discussion

Preparing the title compound from L-mannitol using methodology
developed for the D-isomer” would be prohibitively expensive. Our
approach uses a much less expensive, commercially available starting
material. Current synthetic approaches to the D-isomer involve selective
conversion of the two primary hydroxyl groups of 3,4-O-isopropylidene-D-
mannitol into good leaving groups followed by base treatment to facilitate
epoxide formation. We found prolonged exposure of the epoxide to base
reduces the reaction's overall yield. To overcome this liability we used a
one-pot conversion of 3,4-O-isopropylidene-L-mannitol to the title
compound using Mitsunobu-based technology. This approach was found to
be more reproducible and consistently gave yields in the 60-80% range.

The title compound is a key Cy building block. Several labs have
prepared novel a-amino acids, biological probes and other interesting
compounds using the D-diepoxide as a key intermediate.” An efficient route
to the L-enantiomer provides a pathway to compounds with the opposite
configuration, one not readily available from commercial sources, and a
valuable probe of stereochemistry in biological systems and reaction
mechanism.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);
(Registry Number)

1,2:3,4:5,6-Tri-O-isopropylidene-L-mannitol: L-Mannitol,1,2:3,4:5,6-tris-O-
(1-methylethylidene)-; (153059-35-9).

L-Mannonic acid y-lactone: L-Mannonic acid, y-lactone; (22430-23-5).

Lithium borohydride: Borate(—1), tetrahydro-, lithium; (16949-15-8).

2,2-Dimethoxypropane: Propane, 2,2-dimethoxy-; (77-76-9).

3,4-O-Isopropylidene-L-mannitol: L-Mannitol, 3,4-O-(1-methylethylidene)-;
(153059-36-0)

1,2:5,6-Dianhydro- 3,4-O-isopropylidene-L-mannitol: L-Mannitol,1,2:5,6-
dianhydro- 3,4-O-(1-methylethylidene)-; (153059-37-1).

Triphenylphosphine: Phosphine, triphenyl-; (603-35-0).

Diethyl azodicarboxylate: Azodicarboxylic acid diethyl ester; (1972-58-3)
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Pulse Sequence: s2pul

Solvent: CDC13
Ambient temperature
Mercury-300 "Zn"

PULSE SEQUENCE

Pulse 40.0 degrees

Acq. time 3.333 sec

width 4500.5 Hz

16 repetitions
OBSERVE H1, 300.0732273 MHz
DATA PROCESSING ‘
Line broadening 0.2 Hz
FT size 32768
Total time 0 min, 55 sec




012 /jf cca

Pulse Sequence: sZpul

Solvent: CDCIR
Ambient temperature
INOVA-400 “2r"

PULSE SEQUENCE

Pulse 10.0 degrees

Acq. time 2.666 sec

Width 6000.6 Hz

16 repetitions
OBSERVE H1, 399.9649450 MHz
DATA PROCESSING
FT size 32768
Total time 0 min, 42 sec
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