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Abstraet: Monoacetates 1-8 and 10-11, derived from agy ic ification of prochiral or meso

diols, have been obtained in good to excellent enantiomeric excess by using inexpensive crude PPL. supported on
celite, and vinyl acetate as both solvent and acylaling agent. Under these conditions reactions are fast and
reproducible, and the enzyme can be recycled

During the last seven years, our group has been interested! in the synthetic applications of optically active
monoacetates, like 1-11, obtained through enzyme-mediated hydrolysis of the corresponding prochiral or meso
diacctates. Recently many papers have highlighted the uscfulness of enzyme-catalyzed transcsterification
reactions in organic solvents.Z Thus, in order to find a complementary methodology for the production of 1-
11, we decided to explore the enzyme-catalyzed monoacetylation of the corresponding diols. The main
advantage of this approach would be the possibility to obtain both enantiomers of a given monoacetate, by
using the hydrolysis or the esterification reactions. Moreover, esterification in organic solvents are often more
easily worked-up, and recycling of the enzyme is more simple. On the other hand, the need to use large
amounts of catalyst or expensive, highly purified, enzyme preparations, may sometimes hamper the practical
application of this methodology. We present here the results of an optimization study which had allowed the
obtainment of most of monoacetates 1-11 in high enantiomeric excess, using only small amounts of suitably
modified inexpensive crude pig pancreatic lipase (PPL).3#

Our preliminary tests, employing crude PPL, gave unsatisfactory results: the reactions were sluggish,
especially for compounds 2-5, the ees low or not reproducible, and large amounts of enzyme were needed.
Therefore we turned our attention to other lipases, mainly those from Pseudomonas, which are known to be
particularly efficient for enzymatic esterifications in organic solvents.2.78 The collected data, shown in Table 1,
were rather disappointing. While monoacetate (1R,65) 11 was obtained in good e.e. using lipase SAM-11, as
alrcady reported by Schneider,8 for the other tested substrates the ees were unsatisfactory. In particular,
although there are some literaturc examples of the efficient use of hpases from Pseudomonas in the asym-
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Table 1. Monoacetylation of prochiral or meso diols with various enzymes?
Entry | Product | Lipaseb | Cat. amount | Solvent | Temp. | Time | Conversion®| Isolated | E.e.d | Conf.
(mg/mmol) yield
1 1 PS 162 CH2Cl> | reflux | 21h 58.5% 49% 1365%| R
2 1 PS 161 VA I.t 22h 55.6% 56% 22% R
3 1 SAM-II 15.2 CHCl3 I.1 64h 48% 70% 37% R
4 1 SAM-IL 23 MeQiBu| r.t. 24h 55% 70% 36% R
5 1 SAM-II 23 iPra0 r.L 24h 53% 68% 40% R
6 1 SAM-1I 24 YA I.t. 28h 51% 59% |27.5% R
7 1 PSL 3 MeOiBu| r.t 24h 32% 52% 30% R
8 1 AY 160 VA r.t 24h 72.4% 44% | 43.2% R
9 1 LCA 1?2 nhexanc | °C | 30h 68.6% B% 1367%| S
10 2 PS 189 CH2Clp | reflux | 21h 55.2% 65% 35% | n.d.
11 3 1CA 56 nhexane | r.t. 1.5h 69.2% 41% [287% | n.de
12 6 SAM-II 18 CHCl3 r.t 30h 31% 50% 75% R
13 9 SAM-II 10 CHCl3 r.t. 71h 52% 40% 0% -
141 11 SAM-II 56 MeO/Bu| 1.t 24h 660% 68% 88% | 1R,6S
a) All reactions were carnied out on 0.5-1.0 mmol scale using vinyl acetate (VA) (4 equivalents) as acyl donor, with the
exception of entries 9 and 11, where alarge excess of isopropenyl acetate was nsed (25% of the overall solvent mixture). b) See
note 4. ¢) See note 5. d) Determined by |H nm.r. in the presence of Eu(hfc)s. e) Configuration was opposite to that of entry
10. 0 This reaction was already reported by Schneider (see ref 6).

metrization of 2-substituted-1,3-propanediols,” they do not appear to be good catalysts for the obtainment of
our monoacetates (entries 1-7,10,12-13). It is worth noting that lipase from Candida antarctica® afforded
opposite enantioselectivity compared to other lipases (entries 9 and 11).

Thus we return to study the PPL catalyzed reactions, changing the experimental conditions with the aim
of improving both rate and enantioselectivity of the processes. Table 2 shows a comparative study carried out
on 2-phenyl-1,3-propanediol as model substrate. While reaction in AcOMe under the conditions reported by
Didier3® was sluggish and required long reaction times (entry 1), the rate was drastically increased using vinyl
acetate both as acyl donor and solvent (entry 2),” although with a slight decrease of enantioselection. Use of
thoroughly dried PPLIC (entry 3) brought about a slight increase in rate and selectivity. In order to further
improve the reaction we then examined PPL supported on celite.3a¢£.11 While the catalyst prepared according
1o Ramos Tombo ef al.32 was found to be by far less efficient than crude PPL itself for this reaction, both in
AcOMe and in vinyl acetate (entries 4,5), we found that a 2.5 to 4 fold increase in rate (compare entries 2,3
with entry 7) was achieved by simply liophylising a mixture of crude PPL and celite in pH 7 phosphate buffer®
according to a similar procedure reported by Carrea ef al.112 Most important, a substantial increase of
enantioselection was found. Entries 6 and 9 show that for achieving highest rate and enantioselection it 1s
important not only to use this supported PPL,, but also to employ vinyl acetate as the only solvent. The good
reaction rate allows to carry out the monoacetylation cven at 0°C with modcrate catalyst amounts {entrics 10-
11). At this temperature the yields have been higher, and also a very slight increase in enantioselection was
observed. The e.e. is even better than the one achieved in PPL catalyzed hydrolysis of the corresponding
diacetate (92%).12 Finally it must be stressed that the supported catalyst can be easily recovered and reutilized
with minimum loss of activity as demostrated by entry 12.

Having found an efficient procedure for the obtainment of 1, we decided to apply the same protocol for
the production of the other monoacetates 2-11 (Table 3). For comparison, the last column shows the results of
PPL. catalyzed hydrolysis of the corresponding diacetates.! As shown in the table, most of monoacetates 2-11
could be prepared in high e.e. using small amounis of PPL, usually less than the quantity needed for the
diacetate hydrolyses. Moreover, the yields were usually better, and,with the exception of compounds 8 and 9,
the ees were comparable orin some cases even superior (see entry 6). In all cases the configuration was op-
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Table 2: Monoacetylation of 2-Phenyl-1,3-propanediol with PPL under various conditions?
Entry | PPL type? | Crude PPL|  Solvent! Acyl | Temp. | Time | Conversion®| Isolated | E.e.f
amount® donord yield
1 A 762 AcOMe AcOMe | r.t. |24.5h 46.0% T3% | 90.9%
2 A 119 VA VA r.t. | 5.6h 54.6% 61% | 87.9%
3 B 122 VA VA rt. | 3.7h 53.5% 76% | 90.9%
4 C 152 AcOMe AcOMe | r.t. | 120h <15% n.d. n.d.
5 C 152 VA VA r.t 71h 518% 6% | 77.5%
6 D 120 CH>Clp VA reflux | 24h 38.5% 51% | 85.1%
7 D 120 VA VA r.t 1.5h 54.6% 69% | 94.9%
g D 120 VA VA r.t Sh 73.4% 43.4% 1 95.2%
9 D 120 VA/iPryO 1:1 VA r.t 1.1h 53.9% 75% | 90.1%
10 D 120 VA VA *C {14.8h 543% % |96.6%
118 D 120 VA VA FC | 14.8h 58.4% 78% 194.2%
128 E 120 VA VA (PC | 14.8h 50.2% BO% ]94.3%
a) All reactions were carried out on 0.4 mmol scale using 5 ml of solvent, in the presence of powdered 3 A mol. sieves. When
vinyl acetate was not used as solvent, 4 eq were employed. b) A: PPL “straight from the jar”. B: PPL dried over P05 to
constant weight. C: PPL fractionated and supported on celite according to note 12 of ref. 3a. D: PPL supported on celite
according 1o note 8: E: the supported enzyme recovered from entry 10 was used. ¢) mg of starting crude PPL (befare supportation
or drying) per mmol substrate @) VA = vinyl acetate, IPA = isopropenyl acetate. ¢) see note 5. f) Determined by 'H n.m.r. in|
the presence of Eu(hfc)s. Major enantiomer was always R. g) Performed on 2.00 mmol scale.

posite to that produced in PPL catalyzed hydrolysis. The effect of an unsaturation adjacent to the chiral centre is
noteworthy (see for examples entries 5 and 6) and parallels the behaviour found out for the corresponding
hydrolyses.12

From a synthetic point of view the results of entries 1-4,5, 6 and 10 are of particular relevance. Actually
2-5 are useful building blocks for the synthesis of Aklavinone AB ring system, ! 6 is a synthetic equivalent of
tris(hydroxymethyl)methane (THYM?*) and has been utilized by us in several synthetic applications,1a.13
compounds similar to 7 have been utilized in diastereoselective epoxidation reactions, 4 and, finally, 11 was
used in alkaloid synthesis.15

We wish to thank prof. C. J. Sih and Dr. S. Riva for helpful suggestions. This work was financially as-

Table 3: Acetylation of various diols with supported PPL in viny] acetate?
Entry | Product| Supported | PPL. | Temp. | Time | Conversiond | [solated | e.e. | Conf. | ee (yields)

PPL amount® yield of PPL cat.
amountt hydrolysis
913 203 0°C | 24h 47.6% % |963%| n.d. | 93% (57%)

1041 231 | oc J24n] 467% | 69% [89.5%| n.d. | 95% (66%)
1714 381 | 0C [24n| 529% | 85% [87.0%| nd. | 96% (43%)
998 222 | oC [24h| 528% | 64% [888% | n.d. | 50% (46%)
173 385 | . | 2h | 547% | 8% [960%| R | 9% (75%)
206 457 | oC [1sn] 63.4% | 70% [s00%] s | ss% (44w
211 468 | vc |56h]| 556% | 8% | 48% | R 612w
198 440 | ooc 220 553% | 82% | 51% | R | 82% (61%)

2115 | 410 [ oc | ah | 467% | 74% [780%] R | 70% (36%)

10 ] 11 2115 | 410 | ooc [ 230 | s508% | 76% |93.6%| 1R,65 | 98% (90%)

a) Reactions carried out on 0.4 mmol scale (entries 1-5) or on 0.6 mmol scale (entries 5-10) in S ml of vinyl acetate, in the
presence of powdered 3 A mol. sieves. b) mg/mmol substrate. ¢) calculated mg of purchased crude PPL/mmol substrate. d) see
note 5. ¢) Determined by 'H nur. in the presence of En(hfc)s. f) In this casc no advantage was observed carrying out the
reaction at 0°C. Also in this case the reaction was 2.3 fold faster than with not supported PPL.
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