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New Diastereoselective Synthesis of Oxazolidin-2-ones through Carbon-Carbon Bond

Formation on Cyclic Carbamoyloxy Radicals

Summary: Photoinitiated radical alkylation by using 5-
{phenylthio)oxazolidin-2-ones, derived from (S)-a-amino
acids, afforded the corresponding trans 4,5-disubstituted
oxazolidin-2-ones with high diastereoselectivity. As an
application of this C—C bond formation on the cyclic
carbamoyloxy radical species, (3S,4S)-statine was effec-
tively synthesized.

Sir: Development of methods for stereocontrolled syn-
thesis of biologically important compounds containing the
2-amino alcohol moiety such as amino sugars! and unusual
amino acids? continues to receive significant attention.
Among various procedures, selective heterofunctionaliza-
tion of acyclic olefinic systems to yield 4,5-disubstituted
oxazolidin-2-ones, a protected form of 2-amino alcohols,
has been widely investigated in recent years.® Direct
stereoselective alkylation of an oxazolidinone at the 5-
position provides a new, convergent methodology for the
synthesis of 2-amino alcohols.* In this paper, we disclose
a new and highly diastereoselective synthesis of 4,5-
trans-4-substituted-5-allyloxazolidin-2-ones and thus
valuable for the preparation of biologically important
unusual amino acids having the 2-amino alcohol moiety
such as statine (1),2#° dolaisoleucine (2) in dolastatin 10,
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and galantinic acid (3) in galantin 1.7 Our synthesis in-
volves a highly diastereoselective carbon—carbon bond
formation using a novel cyclic carbamoyloxy radical®
generated from 5-(phenylthio)oxazolidin-2-one possesses
major advantages for the synthesis of 2-amino alcohols
from «-amino acids, since it does not involve a-amino
aldehydes, which are prone to racemization.
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Our initial effort was focused on examining the feasi-
bility and efficiency of the sulfonium ion induced cyclo-
carbamation. (8)-N-Cbz- or (S)-N-Boc-amino alcohols
4a-j° were easily converted to the sulfides 5a~j'%! in
80-95% yield by the conventional method (diphenyl di-
sulfide, n-BusP, THF, or DMF, room temperature).!?
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Table I. 5-(Phenylthio)oxazolidin-2-ones

entry sulfide product yield, % trans:cis mp, °C [a]p, deg (¢, CHCly)

1 5a 6a 79 10:1° (3:1)® 125-128 ~-302.8 (0.93)

2 5b 6a 72 10:1°

3 5c 6b 80 20:1°% (3:1)® oil -263.8 (0.6)

4 5d 6c 85 20:19 (4:1)° 107-108 -207.5 (1.0)

5 5e 6c 72 20:1°

6 5f 6d 82 30:1° (3:1)° 80-83 -276.2 (0.8)

7 5g 6d 70 30:1¢

8 5h 6e 67 1.2:16¢ oil -241.4 (0.5)¢
102-104¢ +284.4 (0.7)°

9 5i 61 50 2.4:1% oil -126.6 (0.6)

10 5j 61 0

%Based on the signals due to 4-H and 5-H in TH NMR (CDClg, 90 and 400 MHz) spectra. ®The reaction was quenched at —78 °C rather
than 20 °C. °Based on the yields for isolation products. ¢Obtained from pure trans isomer. °Obtained from pure cis isomer. /Obtained

from 2.4:1 trans/cis mixture. € N-Cbz (S)-prolinal was obtained.
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Treatment of 5a—-g with N-chlorosuccinimide (CCly, room
temperature, 0.5-2 h), followed by cyclization (SnCl,,
CH,Cl,, -78 °C for 5a,¢,d,f, -30 °C for 5b,e,g, 20 min, then
20 °C, 30 min) afforded the corresponding (4S,5S)-5-
(phenylthio)oxazolidin-2-ones 6a~d'? with high diastereo-
selectivity in good yields as shown in Table I. The
diastereoselectivity was diminished when the reaction was
quenched without elevating the reaction temperature to
20 °C (entry 1, 3, 4, 6). Under these low-temperature
conditions, poor selectivity for 6e,] (1.2:1 for 6e and 2.4:1
for 61'%) was obtained from 5h and 5i, respectively (entry
8, 9). N-Boc sulfides are superior to N-Cbz derivatives in
yields for 6 (Table I, entry 1:2, 4:5, 6:7). Formation of

(13) The signals due to 4-H and 5-H in their 'H NMR (CDCl,) spectra
of trans-6a—d and cis isomers are as follows. trans-6a: 6 5.37(d,J =6
Hz, 5-H), 3.79 (dq, J = 6, 6 Hz, 4-H). cis-6a: §5.93 (d, J = 7 Hz, 5-H),
4.29 (dq, J = 7, 6 Hz). trans-6b: 4 5.42 (d, J = 6 Hz, 5-H), 8.73 (dt, J
= 6, 6 Hz, 4-H). cis-6b: ¢ 5.89 (d, J = 8 Hz, 5-H), 4.07-4.29 (m, 4-H).
trans-6¢: & 5.50 (d, J = 5 Hz, 5-H), 4.00-3.79 (m, 4-H). cis-6¢: & 5.94
(d, J = 7.5 Hz, 5-H), 4-H signals were not clearly assigned. trans-6d: &
5.52 (d, J = 5 Hz, 5-H), 3.54 (dd, J = 4, 5 Hz, 4-H). cis-6d: § 5.86 (d,
J =7 Hz, 5-H), 3.88 (dd, J = 7, 7 Hz, 4-H). trans-6e: 6 540 (d,J =5
Hz, 5-H), 4.14 (br t, J = 5 Hz, 4-H). cis-6e: §5.95 (1 H, d, J = 8 Hz, 5-H),
4.79 (dd, J = 7, 7 Hz, 4-H).

(14) Attempts to cis/trans isomerization for 61 under equilibrium
conditions was unsuccessful due to undesired polimerization.
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%(i) BugSnH, 500-W Hg lamp, Pyrex filter, CH;CN-toluene
(3:7); (ii) Cs,CO3, MeOH; (iii) (+)-MTPA-C], Et;N, DMAP, THF;
(iv) (-)-MTPA-C), Et;N, DMAP, THF; (v) (+)-MTPA-OH, DCC,
DMAP, CH,Cly; (vi) (-)-MTPA-OH, DCC, DMAP, CH,Cl,; (vii)
n-BuLi, THF, then (+)-MTPA-Cl; (viii) n-BuLi, THF, then (-)-
MTPA-CL

cyclization products was observed at the chlorination step
in N-Boc sulfides by partial cyclocarbamation. In the case
of 5J, the N-Cbz prolinal was obtained without formation
of the desired cyclization product (entry 10). An inter-
esting feature of this cyclocarbamation is that it involves
equilibrium between cis and trans isomers (see eq 1) and

q X
)J\ou — . HN O
W sten i
R R sPh
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4
0 0
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I - ‘
i $-Ph R SPh

results in predominant formation of the thermodynami-
cally more stable trans isomers under the conditions ap-
plied. The cis isomer can be easily isomerized to the trans
isomer by treatment with SnCl, as illustrated by conver-
sion of the 1.5:1 mixture of 45,55/4S,5R isomer of 6a with
SnCl, (CH,Cl,, 20 °C, 0.5 h) to 45,58 isomer (45,5S:4S,5R
= 10:1) without racemization. The optical purity of the
cyclization products was determined as >99% ee by 'H
NMR (400 MHz) analysis of (+)- and (-)-a-methoxy-a-
(trifluoromethyl)acetyl (MTPA)!® imide 7a,b and 7e¢,d
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Table II. Allylation of 6

[a]Dr deg
entry substrate product? yield, % (c, CHCly)
1 6a 8a 45 -39.4 (0.4)
2 6b 8bte 71 -71.7 (0.8)
3 6c 8ct 55 -74.2 (0.9)
4 6f 8f 72 -5.4 (0.6)
5 6g 8gl® 76 +8.2 (1.1)
6 6h 1 81 -31.2 (0.9)
7 6i 8i 60 -43.4 (0.8)
8 cis-6i 8i 20
9 6j 8j 62 -3.7 (0.6)
10 6k 8k 81 -15.9 (0.7)
11 cis-6k 8k 30
12 61b¢ 81 57 -63.5 (1.0)

9 All products were obtained as an oil except 8h. 8h: mp 80-81
°C. %2.4:1 trans/cis mixture was used. °The reaction was contin-
ued for 40 h.

derived from 6a and 6¢, respectively, by the procedure as
outlined in Scheme II. tert-Butoxycarbonylation of 6a—c,e
(Boc,0, EtgN, 4-(dimethylamino)pyridine, THF) afforded
6f-i, respectively, and acetylation of 6a,d (Ac,O, Et;N,
4-(dimethylamino)pyridine, THF) gave 6j,k, respectively.

Allylation of 6a—c¢,f-1 by modification of Keck’s con-
ditions!® (0.5 M solution in toluene~-CHZCN (7:3), 4 equiv
of allyltri-n-butylstannane, 1 equiv of (BusSn),, hv, 24 h,
Pyrex filter, 300-W Hg lamp, 24 h) gave the corresponding
5-allyloxazolidin-2-ones 8a-1 as single diastereomers in the
vields shown in Table II. The stereochemical assignment
was clearly determined as 4S,5S-trans based on the 'H
NMR spectra.’ae5c The optical purity of the allylation
products was >99% ee by 'H NMR (400 MHz) analysis
of N-Boc Mosher esters!® 7e,f and MTPA imides 7g,h
prepared from 8h and 8k, respectively. Yields for 5-ally-

(15) Dale, J. A.; Dull, D. L.; Mosher, H. S. J. Org. Chem. 1969, 34,
2543,

(16) Keck, G. E.; Enholm, E. J.; Yates, J. B.; Wiley, M. R. Tetrahedron
1985, 41, 4079.

lation products were increased by protection of nitrogen
with Boc or acetyl groups (compare Table II, entry 1-3
with 4-6, 9). It is noteworthy that the reactivity of the
4,5-cis isomers toward generation of radical species is re-
markably low compared with that of the trans isomers.
This was clearly demonstrated by using 6i and 6k, which
stereo isomers were available in a pure state (Table II,
entry 8 and 11). These results indicate that the reaction
is strongly affected by the stereochemistry and that the
trans-oriented phenylthio group is more active than the
cis-oriented one. The low reactivity of the cis isomers could
be due to steric congestion, which restricts attack of the
tri-n-butyltin radical on the sulfur atom.

These 5-allyloxazolidin-2-ones should be useful for the
synthesis of 8-oxygenated y-amino acids. Oxidation of 8g
and 8h (RuCl;~-NalO,, H,0, CH,CN, CCl,)"" under
Sharpless conditions afforded the corresponding acids 9a!®
(80%), [a]p +23.3° (¢ 0.90, CHCI,) (lit.!® [a]p +23.32° (c
0.92, CHCL,)), and 9b (45%), respectively. Compound 9a
was converted to (33,4S)-statine (1) through hydrolysis!®
(80% yield) of 9a and deprotection.’® Hydrolysis of 8k
(catalytic amount of Cs,CO3, MeOH, room temperature)
gave 8d (100%), which was converted to 10 ((1) LiAlH,;
(2) Mel/KH,"® THF, 50% yield from 8d), which should
be a potentially useful intermediate for one isomer of 2.
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Effect of Polar Solvents on the Rates of Claisen Rearrangements: Assessment of Ionic

Character

Summary: The first-order rate constants for Claisen re-
arrangement of carboxylate 3 and its methyl ester were
determined in solvents ranging in polarity from cyclo-
hexane to water.

Sir: The discovery by White! and the Cornell group? that
polar solvents increase the rate of Claisen rearrangements
has a profound consequence in synthetic methodology.
While the vinyl ethers of cyclic allylic alcohols are most
reluctant to undergo the 3,3-sigmatropic shift to the ap-
propriate aldehyde in the gas phase or in hydrocarbon
solvents, remarkably, compound 1 rearranges completely
after only 5 h in boiling water.? From a mechanistic point
of view, the nature of the transition state responding to
the polar environment is of concern.
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The Cornell group examined the rearrangement of allyl
vinyl ethers in media as polar as 2:1 methanol-water.?
However, the data could not be correlated with solvent E,
values. Further, more polar solvent systems could not be
used because of solubility problems. The Cornell group
interpreted the solvent response data in terms of an ion-
ic-like transition state. In addition, Knowles has suggested
that a dipolar or tight ion pair transition state is involved
in the rearrangement of chorismate, 2, and its diacid on
the basis of faster rates in water relative to methanol
solvent. A dipolar transition state is also suggested by

(4) Copley, S. D.; Knowles, J. R. J. Am. Chem. Soc. 1987, 109, 5008.
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