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Reaction of N-Boc-N-tert-butylthiomethyl-protected a-aminoorganostannanes with n-BuLi generates
the corresponding a-aminoorganolithiums. Reactions of these organolithiums with aromatic
aldehydes provides N-protected g-amino alcohols with diastereoselectivities up to >99:1 anti/syn;
with aliphatic aldehydes, diastereoselectivities were typically 1:1. Diastereoselectivities varied
depending on the amount of aldehyde used. The N-protected 5-amino alcohols could be deprotected
to primary amines by treatment with NaH to generate oxazolidinones followed by basic hydrolysis.
Alternatively, treatment of the protected amino alcohols with acid furnished cyclic acetals that
could be deprotected to primary amines with BF3;-OEt, and HS(CH,);SH. Transmetalation of
enantiomerically enriched organostannanes with n-BuLi at —95 °C provided organolithiums that,
although less configurationally stable than N-Boc-N-methyl-protected o-aminoorganolithiums, could
be trapped with aldehydes with near-complete retention of configuration.

Introduction

It has been known since 1970 that a-aminoorganostan-
nanes can serve as useful precursors of a-aminoorgano-
lithiums;* these organolithiums add to aldehydes to
provide 3-amino alcohols. Over the past decade, there has
been considerable interest in a-aminoorganolithiums
both in terms of their configurational stability and their
use as building blocks for the synthesis of enantiomeri-
cally enriched amines.?"8For synthetic applications, more
attention has been given to cyclic systems,3 6 particularly
pyrrolidines and piperidines, than to acyclic systems, and
many useful advancements have been made. With acyclic
systems, progress has been much slower. For example,
Pearson has shown that N-benzyl-N-Cbz-protected ami-
nostannanes 1 undergo clean transmetalation with n-
BuL.i to provide organolithiums that may be trapped with
aldehydes; furthermore, it was shown that the adducts
could be converted to primary S-amino alcohols by
hydrogenolysis (Scheme 1).82 Unfortunately, this method
seems to be limited to stannanes 1 where R = H or Me
since competing metalation of the Cbz group is observed
when R = Et.° To circumvent this problem, we replaced
the Cbz group with a Boc group (which has no acidic
benzylic protons) and showed that N-Boc-N-methyl-
protected aminostannanes 2 are excellent precursors of
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the corresponding organolithiums that may be trapped
with electrophiles at —95 °C with complete retention of
configuration.® This chemistry is useful for the prepara-
tion of N-methyl-a-amino acids and N-methyl-g-amino
alcohols but is not easily applicable to primary amines
since N-methyl groups are not readily removable.
Since many biologically important amines are primary
amines,% it would be highly desirable to be able to carry
out the general sequence shown in Scheme 2 for a wide
variety of R groups and electrophiles. For a protecting
group to be used successfully in this sequence, it needs
to (a) be readily introduced, (b) be compatible with the
Sn—Li transmetalation conditions (typically n-BulLi,
THF, —95 C), (c) provide a chemically and configuration-
ally stable organolithium intermediate, and (d) be readily
removed from the adduct. A survey of potential protecting
groups revealed that the standard N-protecting groups*!
did not fulfill all of these requirements.*? For example, a
benzyl group could be easily introduced but inhibited the
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transmetalation of stannanes with more sterically de-
manding R groups (e.g., i-Pr, c-CgH11), while a TBS group
migrated (a reverse aza-Brook rearrangement) upon
transmetalation and a MOM group gave an organo-
lithium that racemized more readily than its N-methyl
cousin.*®* We now report our results on the development
of N-Boc-N-tert-butylthiomethyl-protected aminoorgano-
stannanes (3) as precursors to primary amines, particu-
larly f-amino alcohols, and hence that they can be
synthetic equivalents of a-aminocarbanions.

Results and Discussion

N-t-Butylthiomethyl-N-Boc-protected aminoorganostan-
nanes were chosen for study since it was anticipated that
deprotection to primary amines could be readily achieved
under acidic conditions: removal of the Boc group would
give thioaminals that should be easily hydrolyzed. In
addition, the tert-butylthiomethyl group was speculated
to have less of an effect on racemization of the organo-
lithium intermediate than a MOM group since the tert-
butylthiomethyl group should not coordinate as strongly
to lithium. Although the mechanism for racemization of
o-aminoorganolithiums has not been fully elucidated, it
was clear from our prelimary results that the MOM group
had a detrimental effect on configurational stability.
Thus, we sought to decrease the coordinating ability of
the extra heteroatom that we were introducing to facili-
tate deprotection with the working hypothesis that
groups that compete with the Boc group for coordination
to Li would decrease the configurational stability of the
organolithium intermediate. In essence, it was hoped that
the tert-butylthiomethyl group would act as an easily
removed methyl group.

Synthesis of Racemic Stannanes. Aminostannanes
3 could be prepared from aldehydes using Mitsunobu
chemistry via either of the methods shown in Scheme 3.
Thus, addition of BusSnLi to aldehydes gave hydroxys-
tannanes!* that could be immediately converted directly
to iminodicarbonates 6 using tert-butyl methyl iminodi-
carbonate as the nucleophile; however, this method gave
low yields when the hydroxystannane had a branched R
group. Alternatively, the hydroxystannanes could be
transformed to phthalimides 4, which were then further
manipulated into iminodicarbonates 6. This latter route,
although longer, gave more consistent overall yields of 6
reflecting the relatively lower sensitivity to steric effects
of phthalimide as a Mitsunobu nucleophile compared to

(13) When the methyl group in 2 (R = Et) was replaced with a MOM
group, stannane with 97:3 er provided product with 91:9 er when
treated under conditions (n-BuLi, THF, —95 °C, 10 min then CO,, H*)
that gave complete retention of configuration using 2.

(14) still, W. C. 3. Am. Chem. Soc. 1978, 100, 1481—1487.
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the effectively larger tert-butylmethyl iminodicarbonate.
With 6 in hand, it was relatively straightforward to
selectively reduce the methyl carbamate to hydroxy-
methyl carbamate 7' and introduce the tert-butylthio
group via sequential treatment with MsCI/Et3N followed
by t-BuSH. The product stannanes proved to be easily
handled substances that were readily purified by flash
chromatography. Overall yields of stannanes 3 from
aldehydes were typically 29—40%.

Transmetalation/Trapping of Stannanes 3. When
stannane 3a was treated with n-BuLi (1.5 equiv) followed
by PhCHO (1.3 equiv), >90% transmetalation occurred
(based on Bu,Sn isolated), but only a mediocre (55%) yield
of the expected alcohol was observed. The only other
product isolated was 1-phenyl-1-pentanol, the product of
excess n-BuLi addition to PhCHO. The low isolated yield
was somewhat disturbing, but the formation of alcohol
8a as what appeared to be a single diastereomer was
most intriguing. Analysis of the diastereomeric purity of
the adduct isolated by *H NMR spectroscopy was com-
plicated by the presence of rotamers, but fortunately,
treatment of alcohol 8a with NaH resulted in clean
cyclization to oxazolidinone cis-9a (Scheme 4). This
confirmed the presence of a single diastereomer and
allowed assignment of the relative configuration of
alcohol 8a: Since J, was around 8 Hz, oxazolidinone cis-
9a likely has a cis configuration,'® and thus, alcohol 8a
has an anti configuration. When other stannanes and
aldehydes were treated similarly, the results shown in
Table 1 were obtained.

When a limiting amount of an aromatic aldehyde was
used, each of the stannanes gave only a single diastere-
omer that was assigned as the anti isomer (Table 1,
entries 1, 2, and 5—8); in each case, the absence of the
syn isomer was ascertained by *H NMR analysis of the
derived oxazolidinones. The absence of signals for the

(15) This transformation has not been previously described in the
literature, but selective hydrolysis of tert-butyl methyl iminodicarbon-
ates is known: Clarke, C. T.; Elliott, J. D.; Jones, J. H. J. Chem. Soc.,
Perkin Trans. 1 1978, 1088—1090.

(16) Futagawa, S.; Invi, T.; Shiba, T. Bull. Chem. Soc. Jpn. 1973,
46, 3308—3310.
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Table 1. Transmetalation of Stannanes 3 and Reactions with Aldehydes?

o 1. nBulLi (o] )CJ)\
2. R'CHO
t—BuS/\NJ\OButMLO\_/N/\SButJr O)_/N/\SBU‘
R” “SnBus; Fi{, Fi{ R R
3 cis-9 trans-9
limiting R"CHO excess R'CHO
oxazolidinones
entry stannane R R’ cis-9/trans-9 yield® (%) dre yield® (%) dre
1 3a Me Ph 9a 55 >99:1 20 71:29
2 3b Et Ph 9% 54 >99:1 77 66:34
3 3c n-C3Hy Ph 9c nd 86 67:33
4 3d n-C4Hg Ph ad nd 78 70:30
5 3e n-CsHi; Ph 9e 55 >99:1 75 68:32
6 3f c-CeHi11 Ph of 40 >90:1 nd

7 3g i-Pr Ph 9g 35 >99:1 68d 74:26
8 3b Et 4-MeOCgH4 9h 50 >99:1 80 71:29
9 3b Et c-CeH11 9i 65 50:50 70 43:57
10 3b Et i-Pr 9j 60 50:50 69 43:57

a Reactions were carried out using 1.5 equiv of n-BuL.i. For “limiting R'CHO” reactions, 1.3 equiv of aldehyde was added; for “excess
R'CHO” reactions, 2.0 equiv was used. ? Isolated yield of 9 after flash chromatography based on 3. nd = experiment not done. ¢ Determined
by *H NMR spectroscopy on crude cyclization products. “>99:1” means that signals for the other diastereomer were not observed. @ Five

equivalents each of n-BuLi and PhCHO were used.
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trans-oxazolidinone (derived from the syn adduct) was
straightforward to establish since experiments in which
excess aldehyde were employed gave mixtures of anti/
syn adducts with ratios of ~2—3:1 (along with higher
yields). These results suggest that there is a kinetic
preference for formation of the anti adduct since it is
formed as the only isolable product (albeit in low yields)
when a limiting amount of aldehyde is used. It seems
that the syn adduct is formed more slowly or later on
during the reaction and so that it is only detected when
excess aldehyde is used. A possible explanation is that
the syn adduct arises from reaction of an anti-alkoxide—
organolithium aggregate that is initially formed. Another
possibility is that the initial addition might be reversible
so that a mixture of diastereomers results when excess
aldehyde is used. This possibility was discounted by
control experiments in which 8a was deprotonated (n-
BuLi, THF, —78 °C) and stirred with, and without, excess
PhCHO; no syn adduct was detected in either case,
suggesting that there is no isomerization or reversibility
under the reaction conditions.

Other a-aminoorganolithiums typically react with al-
dehydes with low diastereoselectivities;”° for example,
reactions of N-Boc-N-methyl-a-aminoorganolithiums with
aldehydes usually give adducts with ratios of ~1:1.° It is
not obvious why these N-t-butylthiomethyl systems show
this very unusual behavior. Nonetheless, this serendipi-
dous observation may be very useful synthetically. It

should also be noted that stannanes with branched alkyl
groups (e.g., 3f and 3g) gave slightly lower yields; in these
cases, incomplete transmetalation was observed, likely
for steric reasons.

In contrast to reactions with aromatic aldehydes,
reactions with aliphatic aldehydes proceeded with no
diastereoselectivity when a limiting amount of aldehyde
was used. With an excess of aldehyde, slightly higher
yields were observed along with a small preference for
the syn adduct (anti/syn ~1:1.5). Thus, the trend
observed with aliphatic aldehydes (i.e., comparatively
more syn adduct formed) when more aldehyde is used is
the same as that observed with aromatic aldehydes.
However, the reason(s) for the dramatic difference in
selectivities observed between aromatic and aliphatic
aldehydes is (are) not at all clear. For practical purposes,
the diastereomeric alcohols or derived oxazolidinones
from both aromatic and aliphatic aldehydes were readily
separated by flash chromatography, so it was relatively
easy to obtain diastereomerically pure materials regard-
less of the intrinsic selectivity of the reaction.

Preparation of Enantiomerically Enriched Stan-
nanes and Studies of Configurational Stability.
Having established that racemic N-Boc-N-tert-butylthio-
methyl-protected aminostannanes could undergo trans-
metalation cleanly and that the intermediate organo-
lithiums could be trapped with aldehydes, we turned our
attention to studying the configurational stability of the
organolithiums. For such studies, we needed to prepare
enantiomerically enriched aminostannanes. There are
relatively few methods to prepare acyclic enantiomeri-
cally enriched a-aminostannanes, and we chose a resolu-
tion method for convenience. While we have previously
used asymmetric reduction methods to prepare these
materials,® we found that BINAL-H reductions did not
give reproducibly high selectivities on preparative scales.
Thus, racemic phthalimide 4 was cleaved to the primary
amine, which was then converted to diastereomeric
amides with (S)-O-methylmandelic acid (Scheme 5).
These diastereomers were readily separable by flash
chromatography, and the less polar diastereomer was
used in subsequent studies.
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Direct cleavage of the O-methylmandelamides to pri-
mary amines proved to be quite difficult with various
procedures (e.g., acid or basic hydrolysis, MeL.i, Et;OBF4/
aq NaHCOg;) providing only starting material or mixtures
of unidentified products. Eventually, the route shown in
Scheme 5 was developed to transform the resolved
mandelamides to the required N-Boc-N-tert-butylthio-
methyl-protected aminostannanes. In this route, a Boc
group was introduced first using Ragnarsson’s'” method
before cleavage of the mandelamide with hydrazine. The
resulting carbamate 12 was then converted to iminodi-
carbonate 6 using Mander’s reagent;'® for this transfor-
mation, MeOCOCN was critical as the use of MeOCOCI
in conjunction with a variety of bases proved to be
completely ineffective. Enantiomerically enriched 6 was
then converted to the desired N-Boc-N-tert-butylthio-
methyl-protected amine 3 using the route previously
developed for racemic 3.

Assignment of absolute configuration was done by
comparison of optical rotations of the intermediate 12
with that of the same compound prepared via a different
route and of known absolute configuration.®? We were
thus able to show that the less polar O-methylmandela-
mide diastereomer (which is the one used) has the
(1'R,2S) configuration, as depicted in Scheme 5; it follows
that stannanes 3 and 6 in Scheme 5 also have the R
configuration. The enantiomeric purity of carbamate 12,
assayed by hydrolysis (TFA) followed by °F NMR analy-
sis of Mosher amides, was determined to be 98:2 er. Since
subsequent conversions to stannane 3 should not affect
the stereogenic center, it too should also have 98:2 er.

Studies of configurational stability were carried out by
treatment of (R)-3b or (R)-3e with n-BuLi followed by
trapping of the intermediate organolithium with PhCHO
and assaying the enantiomeric purity of the adducts.
Results are summarized in Table 2. As we had previously
noted with N-Boc-N-methylaminoorganolithiums, sig-
nificant racemization occurred at —78 °C while racem-
ization could be almost completely suppressed by cooling
the reaction to —95 °C. With the N-tert-butylthiomethyl
systems, a slight loss of enantiomeric purity was observed

(17) Grehn, L.; Ragnarsson, U. Angew. Chem., Int. Ed. Engl. 1985,
24, 510-511.

(18) Mander, L. N.; Sethi, S. P. Tetrahedron Lett. 1983, 24, 5425—
5428.
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Table 2. Configurational Stability of
o-Aminoorganolithiums

i X
#Bus” > NJJ\OBU' 3 B #Bus” "N” OBu!
R - - . ~_Ph
R” > SnBus R
a: R =Et, b: R =n-CsH 4 OH
(R)-3b or 3e (2S)-8b or 8e
er=98:2 anti:syn =2:1
T time vyield of 82 er er
entry R (°C) (min) (%) (anti-8)  (syn-8)°
1 Et —-95 15 79 (8b) 97:3 96:4
2 Et -78 30 70 (8b) 92:8 91:9
3¢ Et -78 30 63 (8b) 91:9 nd
4d Et -78 30 58 (8b) 76:24 74:26
5 n-CsHix  —95 15 60 (8e) 97:3 nd
6 n-CsH;; —-78 30 68 (8e) 937 nd

a |solated yields of 8 (as mixture of diastereomers). ® Determined
by HPLC on a Chiralcel OD column (nd = not determined). ¢ Et,O/
THF, 1:1 was used as solvent. 9 LiBr (5 equiv) was added to the
stannane solution before n-BuLi addition.

even at —95 °C. As well, comparable levels of racemiza-
tion were observed for the N-tert-butylthiomethylamino-
lithiums after 30 min at —78 °C as had been observed
for the N-methyl compounds after 180 min at the same
temperature. Thus it seems that N-Boc-N-tert-butyl-
thiomethylaminolithiums racemize slightly more rapidly
than do N-Boc-N-methylaminoorganolithiums.

Since we had previously shown that more coordinating
solvents increased the rate of racemization of N-Boc-N-
methylaminoorganolithiums,® transmetalation/trapping
of (R)-3b was attempted in a less polar solvent, ether.
Unfortunately, <5% transmetalation was observed in
Et,O (—78 °C, 15 min). With a 1:1 mixture of Et,0O and
THF, results were essentially identical to that observed
with neat THF. To further probe the configurational
stability of the intermediate organolithium, LiBr was
added to the stannane prior to addition of n-BuLi (Table
2, entry 4). Considerably greater racemization was
observed. The effect of LiBr, solvents, and the relative
configurational stabilities of different N-Boc-protected
aminolithiums is consistent with an inversion mechanism
involving coordination to Li cations. There is evidence
with cyclic a-aminoorganolithiums that such coordination
plays an important role in racemization processes.®

It is interesting to note that when both diastereomeric
amino alcohols were isolated from a single reaction and
their enantiomeric purities were analyzed, the syn isomer
was consistently of lower (albeit only slightly so) enan-
tiomeric purity (Table 2, entries 1, 2, and 4) than the anti
isomers. Superficially, this may be explained by suggest-
ing that the anti isomers are formed more quickly than
the syn isomers, and since racemization of the intermedi-
ate organolithium starts immediately from the time the
organolithium is generated, it should be expected that
the isomer formed first should have higher enantiomeric
purity. The more facile formation of the anti isomer is
also consistent with the observation that it is the sole
product formed with limiting amounts of aromatic alde-
hydes and the postulate that the syn isomer is only
formed after an anti adduct/organolithium aggregate is
formed. However, this story fails to explain why the anti
adduct should be formed faster to begin with. In any case,
these results show that organolithiums derived from
transmetalation of stannanes 3 can be trapped with
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Table 4. Preparation of Amino Alcohols from
Aminoacetals

0] 0]
M Ho o~ NH; A
0" N"sBUt N o T +Bus” "N~ “OBu Ho, o~
) u LiOH . R/\‘/R = Ph oM HCI N O BF30Et,y ’%‘HZ
- EtOH RY T Teronoen Ph
R R R R OH A7) HS(CHy)5H RY
cis-9 13 14 " :H 140
Hel anti 13
EtOH HCl
EtOH
NH5CI
/T\r ) NH3CI
R ~_Ph
oH Y
anti-15 OH
. anti-15
oxazol- yield of
entry idinone R R’ 13/142 15b (%) entry  aminoacetal R 13/142  vyield of 15° (%)
1 cis-9a Me Ph 1:>99 84 (anti-15a) 1 13a Me 1:3 nd
2 cis-9b Et Ph <10:>90 75 (anti-15b) 2 13b Et 1:25 nd
3  cis-9c n-CzH; Ph 1:1 nd 3 13c n-CzHy 1:10 70 (15¢)
4 cis-9d n-C4sHy Ph 11 nd 4 13d n-CsHoq 1:20 75 (15d)
5 cis-9e n-CsHi;; Ph >99:1 Q¢ 5 13e n-CsHip 1:>99 86 (156)
6  cis-9g i-Pr Ph <10:>90 76 (anti-15g) . . 1 . .
7 cis-9h Et p-MeOCeH, <10:>90 66 (anti-15h) _atRatlo bdletelrrrtuged_ Féf fI—isl\kl)MRdanalsysw of crude reaction
8 trans-9h Et p-MeOCeH, <10:>90 76 (syn-15h) mixtures. = [solated yield o ased on o.

aRatio determined by 'H NMR analysis of crude reaction
mixtures. P Isolated yields of crystalline salts (nd = not deter-
mined). ¢ Aminoacetal 13e was isolated in 84% yield.

aldehydes at low temperatures with essentially no loss
of enantiomeric purity.

Preparation of Primary f-Amino Alcohols. We had
originally hoped that primary -amino alcohols would be
easily prepared from N-Boc-N-tert-butylthiomethyl-pro-
tected amino alcohols by simple acid hydrolysis. However,
when adduct anti-8b was treated with 2 M HCI, none of
the desired amino alcohol was formed; instead, amino-
acetal 13b was obtained in 95% yield. It is likely that
13b is formed via intramolecular cyclization of an imi-
nium ion intermediate.

o}
SN )J\ t
g H. .~
tBus™ N SE“ 2M HCl N o
=Y
OH Et Ph
anti-8b 13b

Since we had already established that oxazolidinones
cis-9 could be easily prepared from adducts anti-8, we
examined the hydrolysis of these oxazolidinones. When
oxazolidinone cis-9b was treated with ethanolic KOH,
the desired amino alcohol was the major product but
aminoacetal 13b was still formed as a major side product.
Much less aminoacetal 13b was formed when LiOH was
used, and primary -amino alcohol 14b could be isolated
in good yield (as its HCI salt 15b, Table 3, entry 1). When
other oxazolidinones were treated with LiOH in EtOH,
a surprising trend emerged in which the amount of
aminoacetal formed was dependent on the size of R. Thus,
when R = Me, Et, or i-Pr, very little aminoacetal was
formed but with R = n-C3H; and n-C4Hg (Table 3, entries
3 and 4), it was formed in significant quantities and with
a slightly longer n-CsHj; chain (Table 3, entry 5), ami-
noacetal 13e was the only product isolated. Our best
explanation for these unexpected results is that the size
(hydrophobicity?) of R somehow affects the conformation
of an imine/iminium intermediate such that larger R
groups favor cyclization. From a synthetic viewpoint,

these results meant that oxazolidinones 9 would be useful
intermediates for the preparation of primary f-amino
alcohols only with small R groups (Me, Et, or i-Pr) and
an alternative route would need to be developed for larger
R groups. With a trans-oxazolidinone, trans-9h, reaction
with LiOH in refluxing EtOH—H,0 was sluggish but
proceeded smoothly in n-PrOH—H,O to provide the
expected syn amino alcohol in good yield (Table 3, entry
8).

The alternative route that we developed exploited our
previous observation that aminoacetals 13 were the
major products formed when adducts 8 were treated with
acid. These aminoacetals were treated with BF3;-OEt, and
HS(CH,)sSH to effect a transacetalization'® to provide
amino alcohols (which were isolated as their HCI salts,
Table 4). These transacetalizations are known to be
equilibria that can be pushed to the desired amino alcohol
by using excess dithiol. In our cases, the position of the
equilibrium varied according to the size of R with more
amino alcohol favored as the size of R increased. Fortu-
nately, this gave good yields of amino alcohols where R
= n-CzH; or larger, precisely those compounds that were
not easily accessible using the oxazolidinone route.

Thus, while neither of the routes that we have devel-
oped is universally applicable, they are complementary
and allow for the preparation of primary 5-amino alcohols
from anti-N-Boc-N-tert-butylthiomethylamino alcohols in
good overall yields (Scheme 6). Unfortunately, trans-
aminoacetals 13 derived from syn-N-Boc-N-tert-butyl-
thiomethylamino alcohols did not give synthetically use-
ful yields of syn primary -amino alcohols when treated
with HS(CH,);SH (probably because the trans-amino-
acetals are more stable than the corresponding cis-
aminoacetals).

With adduct 8b (97:3 er) derived from (R)-3b, depro-
tection was readily achieved to provide amino alcohol 14b
with essentially no loss of enantiomeric purity (Scheme
7). Analysis of ee was performed by HPLC analysis of
Boc derivative 16; recrystallization of this derivative
raised its enantiomeric purity to >99:<1 er. Furthermore,

(19) Corey, E. J.; Reichard, G. A. J. Am. Chem. Soc. 1992, 114,
10677—10678.
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conversion of 14b to its HCI salt 15b and comparison
with literature data® established the absolute configu-
ration as (1R,2S), thereby confirming that transmetala-
tion/trapping of (R)-3b occurred with retention of con-
figuration.

Inversion of Configuration of Amino Alcohols.
Since anti-amino alcohols anti-8 were usually the major
products from the transmetalation/trapping sequence, we
briefly examined the conversion of the anti adducts to
syn adducts in order to increase the synthetic utility of
this chemistry. When anti-8a was treated under typical
Mitsunobu conditions?! with p-nitrobenzoic acid, none of
the expected benzoate 17 was isolated. Instead trans-
oxazolidinone trans-9a was isolated in high yield (Scheme
8). When p-nitrobenzoic acid was left out of the reaction
mixture, trans-9a was still formed in high yield. Simi-

(20) Brussee, J.; Dofferhoff, F.; Kruse, C. G.; Van Der Gen, A.
Tetrahedron 1990, 46, 1653—1658.
(21) Hughes, D. L. Org. React. 1992, 42, 335—656.
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larly, treatment of anti-8b under with Phs/DEAD cleanly
converted it to trans-9b. These results suggest that the
Boc group is participating as an intramolecular nucleo-
phile on the expected activated alcohol intermediate. This
type of intramolecular cyclization has been reported
previously for N-acyl $-amino alcohols;??> indeed, such
cyclizations are a known route to 2-oxazolines.®® In
contrast, carbamate-protected S-amino alcohols have
been shown to undergo Mitsunobu inversion with car-
boxylic acids quite cleanly.?*#?5 Thus, N-Boc-?4 as well as
N-Cbz- and N-Cbz-N-methyl-3-amino alcohols®® have
been shown to undergo Mitsunobu chemistry without
apparent involvement of the carbamate group. For
reasons that are not readily apparent, N-Boc-N-tert-
butylthiomethyl-5-amino alcohols clearly behave quite
differently under Mitsunobu conditions. While cyclization
to trans oxazolidinones was initially unexpected, this
result may actually be very useful since these compounds
could be directly hydrolyzed to syn primary S-amino
alcohols (see Table 3).

Conclusions

In our search for c-aminoorganostannanes that might
be useful for the preparation of primary amines as
depicted in Scheme 2, we have found that N-Boc-N-tert-
butylthiomethyl derivatives 3 are potential candidates.
They undergo transmetalation smoothly with n-BuL.i to
afford o-aminoorganolithiums that react well with alde-
hydes to give the expected N-protected 3-amino alcohols.
The diastereoselectivities of these reactions, particularly
with aromatic aldehydes, show an unexpected depen-
dence on the amount of aldehyde used; with limiting
amounts of aldehyde, anti adducts predominate. In many
cases, these adducts can be readily converted in good
yields to primary amines via the intermediacy of oxazo-
lidinones or cyclic aminoacetals. With enantiomerically
enriched stannanes, the derived a-aminoorganolithiums
are less configurationally stable than their N-Boc-N-
methyl congeners but can still be trapped with aldehydes
with overall retention of configuration.

Experimental Section

General Methods. *H and 3C NMR spectra were recorded
on 200 or 250 MHz spectrometers in CDClI; unless otherwise
noted. Coupling constants reported in 13C NMR spectra refer
to the 1171193n satellites observed; an asterisk denotes the
major signal observed when rotamers are present. Coupling
constants are reported in Hz. Mass spectra were recorded
using El, FAB, or ES ionization; MS data reported for
stannanes are for 2°Sn. Elemental analyses were performed
by MHW Laboratories, Phoenix, AZ. All reactions were
performed in dry glassware under an atmosphere of argon.
Solvents were dried and distilled using standard procedures:
ether and THF from Na/benzophenone; CH,Cl,, CH;CN, and
hexanes from CaH,. Alkyllithiums were titrated using N-
benzylbenzamide as acid and indicator.?® tert-Butyl methyl
iminodicarbonate was prepared according to Jones et al.'®
Phthalimides 4 were prepared from a-hydroxystannanes using

(22) Bunnage, M. E.; Burke, A. J.; Davies, S. G.; Goodwin, C. J.
Tetrahedron: Asymmetry 1994, 5, 203—206.

(23) Roush, D. M.; Patel, M. M. Synth. Commun. 1985, 15, 675—
679.

(24) Pastd, M.; Moyana, A.; Pericas, M. A.; Riera, A. Tetrahedron:
Asymmetry 1996, 7, 243—262.

(25) Lipshutz, B. H.; Miller, T. A. Tetrahedron Lett. 1990, 31, 5253—
5256.

(26) Burchat, A. F.; Chong, J. M.; Nielsen, N. J. Organomet. Chem.
1997, 542, 281—-283.
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Mitsunobu chemistry as previously described.® A Chiracel OD
column (4.6 x 250 mm) was used as the chiral HPLC column,
and detection was done at 254 nm.

General Procedure A: Preparation of Carbamates 5.
To a 1.0 M solution of the appropriate phthalimide in ethanol
was added hydrazine hydrate (50 equiv), and the resulting
mixture was stirred at reflux for the specified time. The
mixture was concentrated in vacuo, and Et,O was added to
the residue. The solution was washed with water, dried
(MgSO0,), filtered through Celite, and concentrated in vacuo
to yield the crude primary amines that were used without
further purification. To a cooled (0 °C) 0.2 M solution of amine
in CH.Cl, were added EtsN (1.3 equiv) and then methyl
chloroformate (1.5 equiv). The resulting mixture was stirred
at room temperature for 30 min and diluted with Et,O. The
mixture was washed with water, dried (MgSO,), filtered
through Celite, and concentrated in vacuo. The resulting oils
were purified by flash chromatography (35 g of silica/g of
substrate; 10:1 hexane/Et;0) to give the carbamates as color-
less oils.

Methyl N-(1-Tributylstannylethyl)carbamate (5a). This
compound was prepared from 4a according to general proce-
dure A with an initial reaction time of 3 h in 82% yield: IR
(neat) 3339, 1702 cm™%; *H NMR ¢ 4.73 (br, 1 H), 3.64 (s, 3
H,), 3.27 (m, 1 H), 1.64—1.20 (m, 15 H), 0.99—0.75 (m, 15 H);
BC NMR 6 157, 51.9, 35.5 (}J = 339), 29 (3J = 19), 27.5 (I =
45), 20.7, 13.7, 9.4 (*J = 320, 305); FABMS m/z (rel int) 334
(100). Anal. Calcd for C16H3sNO2Sn: C, 49.00; H, 9.00; N, 3.57.
Found: C, 49.16; H, 8.88; N, 3.58.

Methyl N-(1-Tributylstannylbutyl)carbamate (5¢). This
compound was prepared from 4c according to general proce-
dure A with an initial reaction time of 5 h in 78% yield: IR
(neat) 3326, 1704 cm™L; 1H NMR 6 4.79 (d, 1 H, J = 7.6), 3.67
(s, 0.5 H), 3.61 (s, 25 H), 3.26 (dt, 1 H, 3 = 6.5, 7.6), 1.72—
1.24 (m, 16 H), 0.98—0.72 (m, 18 H); 3C NMR ¢ 157.1, 51.7,
40.9, 37.0, 29.0 (3J = 20), 27.3, (3J = 55), 21.0, 13.6, 13.5, 9.6
(3 = 311), *9.0; FABMS m/z (rel int) 364 (M* — C,H,, 100).
Anal. Calcd for CigH39NO,Sn: C, 51.45; H, 9.36; N, 3.33.
Found: C, 51.58; H, 9.18; N, 3.38.

Methyl N-(1-Tributylstannylpentyl)carbamate (5d).
This compound was prepared from 4d according to general
procedure A with an initial reaction time of 3 h in 91% yield:
IR (neat) 3326, 1704; *H NMR 6 4.82 (d, 1 H, 3 = 7.6), 3.70 (s,
0.5 H), 3.64 (s, 2.5 H), 3.22 (dt, 1 H, J = 7.1, 7.6), 1.66—1.18
(m, 18 H), 1.0-0.74 (m, 18 H); 3C NMR (63 MHz) ¢ 157.1,
51.9, 41.3,34.5,30.2, 29.1 (2J = 19), 27.4 (3] = 55), 22.4, 13.9,
13.6, 9.7 (1J = 303, 317); FABMS m/z (rel int) 378 (M* — C4H,
100). Anal. Calcd for C19H41NO,Sn: C, 52.55; H, 9.52; N. 3.22.
Found: C, 52.40; H, 9.38; N, 3.28.

Methyl N-(1-Tributylstannylhexyl)carbamate (5e). This
compound was prepared from 4e according to general proce-
dure A with an initial reaction time of 10 h in 88% yield: IR
(neat) 3326, 1703 cm™; 'H NMR 6 4.82 (d, 1 H, J = 6.8), 3.63
(s, 3 H), 3.23 (dt, 1H, J = 7.6, 6.8), 1.60 (m, 2 H), 1.48—-1.23
(m, 18 H), 1.0—0.64 (m, 18 H); 3C NMR 6 157.2, 52.2, 41.3,
*35.1, 34.8, 31.6,29.2 (3J = 19), 27.7, 27.5 (3] = 55), 22.6, 14.0,
13.6, 9.7 (*J = 318, 303); FABMS m/z (rel int) 392 (M*-C4Hs,
100). Anal. Calcd for C0H43NO,Sn: C, 53.59; H, 9.67; N, 3.12.
Found: C, 53.37; H, 9.42; N, 3.05.

Methyl N-(2-Methyl-1-tributylstannylpropyl)carbam-
ate (5g). This compound was prepared from 4g according to
general procedure A with an initial reaction time of 24 h in
70% yield: IR (neat) 3326, 1705 cm™%; 'H NMR 6 4.87 (d, 1 H,
J=8.4),3.69 (s, 0.3 H),3.64 (s, 2.7 H),3.12 (dd, 1 H, J = 8.4,
7.4),1.98 (m,1H,), 1.59—-1.24 (m, 12 H), 0.97—-0.89 (m, 21 H);
13C NMR ¢ 157.2, 51.8, 49.5, 32.4, 29 (2J = 19), 27.4 (3] = 56),
21.3,20.6, 13.5, 10.2 (*J = 314, 304); FABMS m/z (rel int) 364
(MT — C4Ho, 100). Anal. Calcd for C1sH44NO,Sn: C, 51.45; H,
9.36; N, 3.33. Found: C, 51.71; H, 9.12; N, 3.36.

General Procedure B: Preparation of t-Butyl Methyl
N-Tributylstannyliminodicarbonates. To a 0.1 M solution
of the carbamate 5 in acetonitrile was added DMAP (0.1 equiv)
and di-tert-butyl dicarbonate (2 equiv), and the solution was
stirred at room temperature or sonicated for the specified time.
The solvent was removed in vacuo to give a brownish residue
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that was diluted with Et,O and washed several times with 1
M KHSO, followed by saturated NaHCOs3. The organic solution
was dried (MgSQ,), filtered through Celite, and concentrated
in vacuo. The resulting oils were purified by flash chromatog-
raphy (38 g of silica/g of substrate; 10:1 hexane/Et,0) to give
the products as colorless oils.

tert-Butyl Methyl N-(1-Tributylstannylethyl)iminodi-
carbonate (6a). This compound was prepared from 5a ac-
cording to general procedure B with a reaction time of 40 h in
98% yield: IR (neat) 1744, 1688 cm™*; *H NMR 6 3.87 (g, 1 H,
J=17.4),3.78 (s, 3 H), 1.57—1.20 (m, 15 H), 1.5 (s, 9 H), 0.98—
0.74 (m, 15 H); 3C NMR 6 155.5, 153.3, 82.1, 53.2, 42.3 (1J =
344, 359), 28.9 (3J = 19), 27.8, 27.3 (3J = 51), 18.6, 13.5, 10.0
(3 = 330, 314); FABMS m/z (rel int) 436 (M™ — C4H,, 55),
380 (100). Anal. Calcd for C21H43NO4Sn: C, 51.24; H, 8.81; N,
2.84. Found: C, 51.07; H, 8.87; N, 2.83.

tert-Butyl Methyl N-(1-Tributylstannylpropyl)imino-
dicarbonate (6b). This compound was prepared according to
the method of Park®? in 50% yield and had the same spectral
characteristics as reported.

tert-Butyl Methyl N-(1-Tributylstannylbutyl)iminodi-
carbonate (6c¢). This compound was prepared from 5c ac-
cording to general procedure B with a reaction time of 44 h in
94% yield: IR (neat) 1743, 1692 cm~; *H NMR 6 3.93 (t, 1 H,
J=8.0),3.78 (s, 3 H), 1.85—-1.53 (m, 2 H), 1.50 (s, 9 H), 1.47—
1.22 (m, 14 H), 0.93-0.71 (m, 18 H); **C NMR ¢ 155.5, 153.3,
81.9,53.1,47.3 (*J = 357, 342), 35.2, 28.9 (?J = 19), 27.8, 27.3
(]33 = 50), 20.7, 13.7, 13.5, 10.0 (*J = 326, 311); FABMS m/z
(rel int) 464 (M*-C4Ho, 45), 276 (100). Anal. Calcd for CysHaz-
NO,Sn: C, 53.09; H, 9.11; N, 2.69. Found: C, 52.88; H, 9.04;
N, 2.69.

tert-Butyl Methyl N-(1-Tributylstannylpentyl)imino-
dicarbonate (6d). This compound was prepared from 5d
according to general procedure B with a reaction time of 44 h
in 92% yield: IR (neat) 1743, 1692 cm™%; 1H NMR ¢ 3.90 (t, 1
H, J = 8.0), 3.78 (s, 3 H). 2.11-1.57 (m, 2 H), 1.50 (s, 9 H),
1.57-1.18 (m, 16 H), 0.92—0.71 (m, 18 H); *C NMR 6 155.7,
153.4, 82.2, 53.4, 47.7, 32.7, 29.9 (3J = 19), 27.9, 174 (I =
55), 22.4, 13.9, 13.7, 10.2 (*J = 318); FABMS m/z (rel int) 478
(M* — C4Ho, 36), 276 (100). Anal. Calcd for C24H4NO4Sn: C,
53.94; H, 9.24; N, 2.62. Found: C, 53.88; H, 9.12 N, 2.67.

tert-Butyl Methyl N-(1-Tributylstannylhexyl)iminodi-
carbonate (6e). This compound was prepared from 5e ac-
cording to general procedure B with a reaction time of 60 h in
78% yield: IR (neat) 1741, 1693 cm~%; *H NMR 0 3.86 (t, 1 H,
J =8.0),3.78 (s, 3 H), 1.55 (m, 2 H), 1.49 (s, 9 H), 1.47—1.17
(m, 18 H), 0.91-0.77 (m, 18 H); *C NMR (63 MHz) 6 155.7,
153.4, 82.3, 53.4, 47.8, 33.0, 31.6, 29.1 (3J = 19), 28.0, 27.5,
*27.4, 22.6, 14.0, 13.6, 10.2 (*J = 326); FABMS m/z (rel int)
492 (M*-C4Hs, 66), 276 (100). Anal. Calcd for CosHs;NO4Sn:
C, 54.76; H, 9.30; N, 2.55. Found: C, 54.88; H, 9.12; N, 2.52.

tert-Butyl Methyl N-(1-Cyclohexyl-1-tributylstannyl-
methyl)iminodicarbonate (6f). This compound was pre-
pared according to the method of Park!? with a reaction time
of 42 h in 21% yield: IR (neat) 1742, 1691 cm™%; 'H NMR ¢
3.78 (s, 3 H),3.70 (d, 0.75 H, J = 11), 1.85 (d, 0.25 H, J = 11),
1.50 (s, 9 H), 1.88—1.10 (m, 23 H), 0.98—-0.73 (m, 15 H); *C
NMR 6 155.7, 153.5, 82.1, *54.2, 53.3, 39.5, 32.2, 31.1, 29.0
(33 =19), 27.9,27.4,26.9, 26.5, 25.8, 13.1, 10.5 (*J = 324, 309);
FABMS m/z (rel int) 504 (M* — C4Ho, 84), 446 (100). Anal.
Calcd for C6Hs1NO4Sn: C, 55.73; H, 9.17; N, 2.50. Found: C,
55.58; H, 8.96; N, 2.44.

tert-Butyl Methyl N-(2-Methyl-1-tributylstannylprop-
yliminodicarbonate (6g). This compound was prepared
from 5g according to general procedure B with a reaction time
of 120 h in 86% yield: IR (neat) 1743, 1692 cm™%; 'H NMR 6
3.77 (s, 3 H), 3.69 (d, 0.2 H, J = 11), 3.60 (d, 0.8 H, J = 11),
2.0 (m, 1 H), 1.56—1.10 (m, 12 H), 1.48 (s, 9 H), 0.97—0.63 (m,
21 H), **C NMR ¢ 155.5, 153.3, 81.8, 55.2, 51.3, 30.0, 28.9, (?J
=19), 27.7, *27.6, 27.3, 21.3, 20.2, 13.4, 10.4 (*J = 324, 310);
FABMS m/z (rel int) 462 (M* — C4Ho, 70), 364 (100). Anal.
Calcd for Co3H4sNO4SN: C, 53.31; H, 9.11; N, 2.69. Found: C,
53.53; H, 8.97; N, 2.65.

General Procedure C: Preparation of tert-Butyl N-
hydroxymethyl-N-tributylstannylcarbamates 7. To a cooled
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(0 °C) 0.075 M solution of the iminodicarbonate 6 in Et,O was
added LiAIH, (0.75 equiv). The solution was stirred for 10 min,
guenched with Na,;SO,4-10H,0, and stirred at room tempera-
ture for 10 min. The mixture was filtered to remove aluminum
salts and concentrated in vacuo. The resulting oils were
purified by flash chromatography (30 g silica/g of substrate;
5:1 hexane/Et;0) to give the N-hydroxymethyl carbamates as
colorless oils. *H NMR spectra were recorded using DMSO-de
as solvent and DMSO-ds (6 2.49) was used as the internal
standard.

tert-Butyl N-Hydroxymethyl-N-(1-tributylstannyleth-
yl)carbamate (7a). This compound was prepared from 6a
according to general procedure C in 83% yield: IR (neat) 3413,
1676 cm™*; *H NMR 6 5.60 (t, 1 H, J = 6.9), 4.63 (m, 2 H), 3.0
(q, 1 H,J=17.3),1.38 (s, 9 H), 1.70—1.0 (m, 15 H), 0.87—0.62
(m, 15 H); ¥C NMR ¢ 156.1 *154.7, 79.9, 73.3, *71.7, 42.8,
*41.3, 29.1 (3J = 20), 28.3, 27.4 (3J = 56), *19.5, 18.9, 13.6,
10.0 (*J = 324 Hz), *9.3; FABMS m/z (rel int) 448 (M* — OH,
10), 408 (l\/l+ — C4H9, 46), 290 (100) Anal. Calcd for C20H43-
NOsSn: C, 51,74; H, 9.34; N, 3.02. Found: C, 52.00; H, 9.12;
N, 3.13.

tert-Butyl  N-Hydroxymethyl-N-(1-tributylstannyl-
propyl)carbamate (7b). This compound was prepared from
6b according to general procedure C in 77% yield: IR (neat)
3345, 1693 cm™%; 'H NMR 0 5.62 (t, 1 H, J = 6.8), 4.72 (m,
1H), 458 (m, 1 H), 2.92 (t, 1 H, J =7.6), 1.76 (m, 2 H), 1.4 (s,
9 H), 1.54—-1.12 (m, 12 H), 0.93—-0.65 (m, 18 H); 3C NMR 6
154.8, 80.2, *79.9, *74.2, 72.4, 51.2, 39.3, 29.1 (*J = 20), 28.9,
27.4 (3] = 56), 26.7, *26.4, 13.6, *12.8, *10.3, 9.7; FABMS m/z
(rel int) 462 (M* — OH, 3), 422 (M — C4Hg, 19). Anal. Calcd
for C21H4sNOsSn: C, 52.74; H, 9.48; N, 2.93. Found: C, 52.55;
H, 9.23; N, 2.93.

tert-Butyl N-Hydroxymethyl N-(1-tributylstannylbut-
yl)carbamate (7c). This compound was prepared from 6c
according to general procedure C in 79% yield: IR (neat) 3418,
1674 cm™1; *H NMR ¢ 5.80 (m, 0.15 H), 5.63 (t, 0.85 H, J =
6.9), 4.70 (m, 1 H), 4.50 (m, 1 H), 3.09 (t, 1 H, J = 7.7), 1.70—
1.17 (m, 16 H), 1.37 (s, 9 H), 0.90—0.65 (m, 18 H); **C NMR
(50 MHz) 6 156.4, *154.8, *80.1, 79.9, 74.1, *72.2, 48.9, *46.3,
35.7, 29.1 (3J = 19), 28.4, 27.5 (.3 = 50), *27.4, 21.3, *20.8,
*13.5, 13.6, 10.2 (*J = 319), *9.4; FABMS m/z (rel int) 476 (M*
— OH, 9), 436 (M* — C4Ho, 30), 318 (100). Anal. Calcd for
C22H47NOsSn: C, 53.67; H, 9.62; N, 2.84. Found: C, 53.70; H,
9.49; N, 2.85.

tert-Butyl  N-Hydroxymethyl-N-(1-tributylstannyl-
pentyl)carbamate (7d). This compound was prepared from
6d according to general procedure C in 79% yield: IR (neat)
3418, 1674 cm™1; IH NMR 6 5.68 (m, 0.15 H), 5.60 (t, 0.85 H,
J=16.9),4.60(m,1H),451(m,1H), 297 1H,JI=77),
1.68 (m, 2 H), 1.37 (s, 9 H), 1.56—1.12 (m, 16 H), 0.86—0.65
(m, 18 H); ¥C NMR ¢ *156.4, 154.8, *79.8, 79.6, 74.0, 49.1,
*46.6, 33.0, *32.8, 30.4, *29.2, 29.1, 38.4, 27.5 (3J = 57), 22.6,
*22.5,*13.9, 13.6, 10.3 (*J = 312), *9.43; FABMS m/z (rel int)
490 (M* — OH, 8), 450 (M" — C4H,, 15), 332 (100). Anal. Calcd
for C23H4gNO3sSn: C, 54.56; H, 9.76; N, 2.77. Found: C, 54.70;
H, 9.77; N, 2.84.

tert-Butyl N-Hydroxymethyl-N-(1-tributylstannylhex-
yl)carbamate (7e). This compound was prepared from 6e
according to general procedure C in 79% yield: IR (neat) 3402,
1679 cmL; 1H NMR ¢ 5.58 (m, 1 H), 4.68 (m, 1 H), 451 (m, 1
H), 2.97 (t, 1 H, 3 = 7.8), 1.60 (m, 2 H), 1.37 (s, 9 H), 1.50—
1.10 (m, 18 H), 0.86—0.57 (m, 18 H); 13C NMR 6 156.3, *154.8,
*80.0, 79.7, 71.9, 49.2, 33.3, 31.6, *31.3, 29.1 (3J = 19), 28.4,
27.5 (3J = 56), *27.4, 22.6, 13.9, 13.6, 10.2 (*J = 311), 9.4;
FABMS m/z (rel int) 464 (M* — C4H,, 42), 364 (100). Anal.
Calcd for C,4sHs:NOsSn: C, 55.39; H, 9.88; N, 2.69. Found: C,
55.47; H, 9.77; N, 2.74.

tert-Butyl N-Hydroxymethyl-N-(1-cyclohexyl-1-tri-
butylstannylmethyl)carbamate (7f). This compound was
prepared from 6f according to general procedure C in 80%
yield: IR (neat) 3425, 1665 cm™*; *H NMR 6 5.67 (t, 0.24 H, J
=17.0),5.58 (t,0.76 H, 3 =7.0), 4.78 (dd, 1 H, J = 7.0, 10.0),
4.37 (dd, 1 H, J = 7.0, 10.0), 2.76 (d, 0.8 H, J = 10.0), 1.81 (d,
0.2 H,J=10.0), 1.66—1.10 (m, 23 H), 1.37 (s, 9 H), 0.87—0.65
(m, 15 H); 13C NMR ¢ *159.0, 155.5, 80.0, 75.5, 57.2, 40.3, 32.4,
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32.3, 29.1 (3J = 17), 28.5, 27.5 (3J = 58), *27.4, 26.7, *26.2,
26.1, 13.7, *13.6, 10.8, 10.1 (*J = 310, 290); FABMS m/z (rel
int) 516 (M* — OH, 4), 476 (M* — C4H,, 28). Anal. Calcd for
CasHs:NOzSn: C, 56.40; H, 9.66; N. 2.63. Found: C, 56.23; H,
9.41; N, 2.66.

t-Butyl N-Hydroxymethyl-N-(2-methyl-1-tributylstan-
nylpropyl)carbamate (7g). This compound was prepared
from 6g according to general procedure C in 77% yield: IR
(neat) 3427, 1671 cm™; *H NMR 6 5.65 (t, 0.25 H, J = 7.0),
5.55(t, 0.75H,3=7.0),4.82 (dd, 1 H,J3=7.0, 10.3), 4.43 (dd,
1H,J=7.0,10.3),2.67 (d, 1 H, J = 9.8, Jsny = 49), 2.15 (m,
1 H), 1.37 (s, 9 H), 1.55—-1.27 (m, 12 H), 0.98—0.59 (m, 21 H);
13C NMR ¢ 155.1, 88.0, 75.5, 58.3 (*J = 347), 31.1, 28.6, 28.1,
27.6 (3J = 56), 21.72, 21.66, 13.7, *10.9 (*J = 319, 304), 10.23
(*J = 308, 294); FABMS m/z (rel int) 476 (M* — OH, 10), 436
(M* — C4Hy, 52), 318 (100). Anal. Calcd for C,H47NO3Sn: C,
53.67; H, 9.62; N, 2.84. Found: C, 53.53; H, 9.46; 2.84.

General Procedure D: Preparation of tert-Butyl N-
tert-Butylthiomethyl-N-tributylstannylcarbamates 3. To
a 0.07 M solution of the N-hydroxymethylcarbamate 7 in
hexanes was added Et3;N (0.95 equiv). The solution was cooled
(=20 °C), and MsClI (25 equiv) was slowly added. The resulting
mixture was stirred for 15 min, and a 1.3 M solution of tert-
butylthiol (25 equiv) in hexane was added. The mixture was
stirred at room temperature for 2 h, diluted with hexane, and
washed several times with saturated NaHCO;. The organic
solution was dried (MgSOQ,), filtered through Celite, and
concentrated in vacuo. The resulting oils were purified by flash
chromatography (40 g silica/g of substrate; 40:1 hexane/Et,0)
to give the products as colorless oils.

tert-Butyl N-tert-butylthiomethyl-N-(1-tributylstan-
nylethyl)carbamate (3a). This compound was prepared from
7a according to the general procedure D in 77% yield: IR (neat)
1679 cm™%; 'H NMR (250 MHz) ¢ 4.50 (ABq, 2 H, Ad = 0.14,
J=137),297(q, 1 H,J =7.3), 1.46 (s, 9 H), 1.36 (s, 9 H),
1.55—-1.10 (m, 15 H), 0.68—0.92 (m, 15 H); 13C NMR ¢ 154.4,
79.7, 48.2, 42.8, 42.1, 32.3, *31.5, 29.2 (3J = 19), *28.6, 28.4,
27.6 (3J = 57), 17.6, 13.7, 10.4 (*J = 318); FABMS m/z (rel
int) 480 (M* — C4Hg, 34), 290 (100). Anal. Calcd for CasHs;-
NO,SSn: C, 53.74; H, 9.58; N, 2.61. Found: C, 53.97; H, 9.58;
N, 2.69.

tert-Butyl N-tert-Butylthiomethyl-N-(1-tributylstan-
nylpropyl)carbamate (3b). This compound was prepared
from 7b according to the general procedure D in 89% yield:
IR (neat) 1680 cm™; *H NMR ¢ 4.49 (ABq, 2 H, A6 = 0.26, J
= 13.6), 3.16 (m, 0.25 H), 2.82 (dd, 0.75 H, J = 7.5, 7.0), 1.84
(m, 2 H), 1.50—1.20 (m, 12 H), 1.46 (s, 9 H), 1.36 (s, 9 H), 0.9—
0.7 (m, 18 H); 3C NMR 6 154.6, 79.7, 50.8, 49.2, 42.7, 31.3,
29.2 (33 = 19), 28.5, 27.6 (3J = 57), 25.2, 13.7, 12.7, 10.74 (*J
= 310, 322), *10.0; FABMS m/z (rel int) 494 (M* — C4Ho, 81).
Anal. Calcd for CsHssNO,SSn: C, 54.55; H, 9.70; N, 2.54.
Found: C, 54.44; H, 9.57; N, 2.55.

tert-Butyl N-tert-Butylthiomethyl-N-(1-tributylstan-
nylbutyl)carbamate (3c). This compound was prepared from
7c according to the general procedure D in 87% yield: IR (neat)
1680 cm™t; *H NMR 0 4.51 (ABq, 0.6 H, Ao = 0.14, J = 13.5),
4.50 (ABq, 1.4 H, A6 =0.24, 3 =13.5),291(dd, 1 H,J=7.9,
7.6), 1.84—1.65 (m, 2 H), 1.61—1.10 (m, 14 H), 1.46 (s, 9 H),
1.36 (s, 9 H), 0.95—0.70 (m, 18 H); 3C NMR ¢ 154.6, 79.6, 49.1,
48.7,42.6,34.7,31.3,29.2 (?J = 18), 28.4, 27.5 (}3J = 57), 21.3,
14.1, 13.7, 10.7 (*J = 322, 309); FABMS m/z (rel int) 508 (M*
— C4Ho, 17), 318 (100). Anal. Calcd for CzsHssNO,SSn: C,
55.33; H, 9.82; N, 2.48. Found: C, 55.24; H, 9.78; N, 2.40.

tert-Butyl N-tert-Butylthiomethyl-N-(1-tributylstan-
nylpentyl)carbamate (3d). This compound was prepared
from 7d according to the general procedure D in 88% yield:
IR (neat) 1680 cm™*; 'H NMR ¢ 4.51 (ABq, 0.5 H, A6 = 0.16,
J =13.5),4.50 (ABq, 1.5 H, A0 =0.27,3 =13.5),2.89 (t, 1 H,
J=7.8),18(q 2H,J =177),1.58-1.0 (m, 16 H), 1.46 (s, 9
H), 1.35 (s, 9 H), 0.99—0.73 (m, 18 H); *3C NMR ¢ 154.5, 79.6,
49.1, 48.9, 42.7, 32.0, 31.3, *30.3, 29.2 (?J = 19), 28.4, 27.5 (3J
= 57), 22.7, 14.1, 13.7, 10.0 (*J = 322); FABMS m/z (rel int)
522 (l\/l+ — C4H9, 20), 332 (100) Anal. Calcd for C27H57N02-
SSn: C, 56.06; H, 9.93; N, 2.41. Found: C, 55.90; H, 9.78; N,
2.40.
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tert-Butyl N-tert-Butylthiomethyl-N-(1-tributylstan-
nylhexyl)carbamate (3e). This compound was prepared from
7e according to the general procedure D in 81% yield: IR (neat)
1677 cm™%; IH NMR 0 4.48 (ABq, 2 H, Ad = 0.48, J = 13.5),
2.89(t,1H,J=8.0),1.8(m,2H), 1.46 (s, 9 H), 1.35 (s, 9 H),
1.5—-1.2 (m, 18 H), 0.92—0.71 (m, 18 H); C NMR ¢ 154.5, 79.7,
49.2, 49.0, 42.7, 32.3, 32.8, 31.3, 29.2 (?J = 19), 28.4, 27.6 (33
=57), 22.6, 14.0, 13.7, 10.7 (}J = 322, 307), 10.0; FABMS m/z
(rel int) 536 (M — C4Ho, 48), 346 (100). Anal. Calcd for CogHsg-
NO,SSn: C, 56.76; H, 10.04; N, 2.36. Found: C, 56.80; H, 9.82;
N, 2.46.

tert-Butyl N-tert-Butylthiomethyl-N-(1-cyclohexyl-1-
tributylstannylmethyl)carbamate (3f). This compound was
prepared from 7f according to the general procedure D in 83%
yield: IR (neat) 1681 cm™%; *H NMR (200 MHz, C¢Ds) 0 5.04
(d,1H,3=12.9),410(d, 1 H,J3=12.9),2.85(d, 1 H,J=09.6,
Jsnn = 49), 2.3 (M, 1 H), 1.84 (m, 16 H), 1.43 (s, 9 H), 1.26 (s,
9 H), 1.21-0.94 (m, 21 H); *H NMR (63 MHz) ¢ 154.8, 79.6,
56.4,50.4, 42.4, *40.1, 32.4, *32.3, 31.3, 29.2, *29.1, 28.4, 27.6
(23 =59), 26.8, 26.4, 26.2, 13.7, 11.2 (*J = 320, 306); FABMS
m/z (rel int) 548 (M™ — C4Hg, 12). Anal. Calcd for CoHsgNO2-
Ssn: C,57.62; H, 9.84; N, 2.32. Found: C, 57.95; H, 9.87, 2.38.

tert-Butyl N-tert-Butylthiomethyl-N-(2-methyl-1-tri-
butylstannylpropyl)carbamate (3g). This compound was
prepared from 7g according to the general procedure D in 87%
yield: IR (neat) 1681 cm~%; *H NMR (CsDs) 6 5.02 (d, 1 H, J =
12.9),41(d,1H,J=129),276(d,1H,J3=9.2),25(m, 1
H), 1.8 (m, 12 H), 1.42 (s, 9 H), 1.24, (s, 9 H), 1.49-0.49 (m, 21
H); 13C NMR ¢ 154.8, 79.6, 57.4, 50.3, 42.5, 31.3, 31.2, 29.3
(233 = 19), 28.4, 27.6 (33 = 59), *21.9, *21.7, 21.6, 21.4, *21.1,
13.7, 11.3 (*J = 321); FABMS m/z (rel int) 508 (M* — C4Ho,
52), 318 (100). Anal. Calcd for CzsHssNO,SSn: C, 55.33; H,
9.82; N, 2.48. Found: C, 55.19; H, 9.77; N, 2.39.

General Procedure E: Preparation of Oxazolidinones
9. To a cooled (—78 °C) 0.15 M solution of the a-aminoorga-
nostannane 3 in THF was added n-BuLi (1.5 equiv) slowly,
and the solution was stirred for 15 min. The appropriate
aldehyde (2.0 equiv) was added, and the mixture was stirred
for 15 min and quenched at —78 °C with saturated NH,4CI.
The mixture was diluted with Et,0, washed with water, dried
(MgSOQy), filtered through Celite, and concentrated in vacuo
to give S-amino alcohols, which were used without purification
in most cases. To a 0.1 M solution of f-amino alcohol in THF
was added NaH (2 equiv), and the mixture was stirred for 30—
60 min, quenched with water, diluted with Et,O, and washed
with water. The organic layer was dried (MgSQO,), filtered
through Celite, and concentrated in vacuo. The ratios of
diastereomers in the crude products are recorded in Table 1.
The resulting oils were purified by flash chromatography (100
g silica/g substrate; 5:1 hexane/Et;0O) to give oxazolidinones
as colorless oils or white solids. Combined yields are reported
in Table 1; specific isolated yields are noted below.

For the systems where R = n-butyl or n-pentyl, it was easier
to separate the two diastereomers as the protected S-amino
alcohols (i.e., before cyclization). However the syn diastereomer
was still contaminated with 1-phenyl-1-pentanol, which was
then removed after cyclization.

cis/trans-3-tert-Butylthiomethyl-4-methyl-5-phenyl-2-
oxazolidinone (cis/trans-9a). cis-9a (65% yield): mp 98—
99 °C; IR (KBr) 1734 cm™%; *H NMR 6 7.43—7.26 (m, 5 H),
5.58 (d, 1 H,J=8.4),5.07 (d, 1 H, J = 14.7), 4.40 (quintet, 1
H,J=16.6),4.01(d, 1 H,J=14.7),1.42 (s, 9 H), 0.78 (d, 3 H,
J = 6.6); °C NMR ¢ 156.4, 134.5,128.4, 126, 78.6, 53.0, 43.4,
42.1, 31.2, 13.9; EIMS m/z (rel int) 279 (M*, 1), 146 (94), 105
(100). Anal. Calcd for C15sH2:NO-S: C, 64.50; H, 7.58; N, 5.01.
Found: C, 64.67; H, 7.72; N, 5.02. trans-9a (25% yield): mp
60—62 °C; IR (KBr) 1750 cm™%; *H NMR 6 7.40—7.30 (m, 5 H),
5.06(d,1H,J=14.9),494(d,1H,J3=81),41(d,1H,J=
14.9, CH,S), 3.98 (quintet, 1 H, J = 6.2), 1.37 (m, 12 H); °C
NMR 6 156.3, 137.4, 128.9, 128.8, 125.9, 82.6, 57.3, 43.3, 41.9,
31.1, 16.8; EIMS m/z (rel int) 279 (M*, 0.8), 146 (100). Anal.
Calcd for C15sH21NO,S: C, 64.50; H, 7.58; N, 5.01. Found: C,
64.47; H, 7.67; N, 4.88.

cis/trans-3-tert-Butylthiomethyl-4-ethyl-5-phenyl-2-ox-
azolidinone (cis/trans-9b). cis-9b (51% vyield): mp 43—45

J. Org. Chem., Vol. 67, No. 11, 2002 3633

°C; IR (KBr) 1744 cm™%; *H NMR 6 7.40—-7.30 (m, 5 H), 5.56
(d,1H,3=8.2),5.12(d, 1H,J=14.8),4.26 (dt, 1 H, J=3.8,
8.2),4.06 (d, 1 H,J = 14.8), 1.42 (s, 9 H), 1.47—1.24 (m, 2 H),
0.55 (t, 3 H, J = 7.5); °C NMR ¢ 156.9, 134.7, 128.6, 128.4,
126.5, 78.9, 58.3, 43.5, 42.6, 31.2, 20.6, 9.0; EIMS m/z (rel int)
293 (M*, 0.7), 105 (100). Anal. Calcd for C16H23NO,S: C, 65.51;
H, 7.90; N, 4.77. Found: C, 65.54; H, 7.78; N, 4.88. trans-9b
(26% vyield): mp 45—49 °C; IR (KBr) 1742 cm™?; *H NMR ¢
7.40-7.30 (m, 5 H),5.12(d, 1 H,J=6.4),510(d, 1 H,J =
14.9),4.04(d,1H,J=14.9),3.90 (dt, 1 H,J=3.1,6.4), 1.82—
1.66 (m, 2 H), 1.35 (s, 9 H), 0.98 (t, 3 H, J = 7.5); 3C NMR 6
156.3, 138.6, 128.7, 125.9, 79.2, 61.4, 43.4,41.9, 31.1, 23.2, 7.8,
EIMS m/z (rel int) 293 (M*, 0.8), 160 (100). Anal. Calcd for
Ci16H23NO,S: C, 65.51; H, 7.90; N, 4.77. Found: C, 65.69; H,
7.82; N, 4.88.
cis/trans-3-tert-Butylthiomethyl-5-phenyl-4-propyl-2-
oxazolidinone (cis/trans-9c). cis-9¢ (57% yield): mp 45—
47 °C; IR (KBr) 1733 cm™; 'H NMR 6 7.40—-7.30 (m, 5 H),
545(d,1H,J=8.2),510(d, 1 H,J=14.8),4.30 (dt, 1 H, J
=8.2,3.7),4.10 (d, 1 H, J = 14.8), 1.42 (s, 9 H), 1.37—1.00 (m,
2 H),1.2-0.8 (m, 2 H, CH3CH,CHy), 0.64 (t, 3H, J = 7.0, CHs-
CH,CHy); ¥C NMR (63 MHz) 6 156.7, 134.7, 128.5, 128.2,
126.4, 78.9, 56.9, 43.3, 42.5, 31.1, 29.7, 18.0, 13.8; EIMS m/z
(rel int) 307 (M, 0.4), 91 (100). Anal. Calcd for C17H25sNO,S:
C, 66.42; H, 8.20; N, 4.55. Found: C, 66.67; H, 8.23; N, 4.67.
trans-9c (29% yield): mp 63—66 °C; IR (KBr) 1741 cm™%; H
NMR 8 7.40—7.30 (m, 5 H), 5.10 (d, 1 H, J = 6.1), 5.10 (d, 1 H,
J=148),4.10(d, 1 H,J =14.8),4.0(m, 1 H), 1.84-1.71 (m,
2 H), 1.68—1.40 (m, 2 H), 1.34 (s, 9 H), 0.96 (t, 3 H, J = 7.2);
3C NMR (63 MHz) ¢ 156.2, 138.5, 128.7, 126.0, 79.9, 60.4,
43.3, 41.9, 33.0, 31.1, 17.2, 14.0; EIMS m/z (rel int) 307 (M™,
0.4), 132 (100). Anal. Calcd for C;17H2sNO,S: C, 66.42; H, 8.20;
N, 4.55. Found: C, 66.54; H, 8.25; N, 4.56.
cis/trans-4-Butyl-3-tert-butylthiomethyl-5-phenyl-2-ox-
azolidinone (cis/trans-9d). cis-9d (55% yield): mp 48—50
°C; IR (KBr) 1730 cm™%; *H NMR 6 7.41-7.29 (m, 5 H), 5.56
(d,1H,3=8.2),5.10(d,1H,J=14.9),4.30 (dt,1 H,J=3.7,
8.2),4.06 (d, 1 H,J = 14.9), 1.42 (s, 9 H), 1.44-0.85 (m, 6 H),
0.64 (t, 3 H, J = 7.3); °C NMR ¢ 156.8, 134.8, 128.6, 128.3,
126.6, 79.0, 57.2,43.5, 42.6, 31.2, 27.2, 26.9, 22.4, 13.4; EIMS
m/z (rel int) 321 (M*, 0.2), 132 (100). Anal. Calcd for CigH27-
NO,S: C, 67.26; H, 8.47; N, 4.43. Found: C, 67.33; H, 8.45;
N, 4.39. trans-9d (24% yield): IR (neat) 1753 cm™~%; 'H NMR
0 7.43—7.27 (m, 5 H), 5.11(d, 1 H, 3 = 5.8), 5.07 (d, 1H, J =
14.9), 4.05 (d, 1 H, 3 = 14.9), 4.04—-3.97 (m, 1 H), 1.83—-1.74
(m, 1 H), 1.69-1.57 (m, 1 H), 1.34 (s, 9 H), 1.46—1.20 (m, 4
H), 0.91 (t, 3 H, J = 6.8); 3C NMR ¢ 156.3, 138.6, 128.7, 125.9,
79.9, 60.6, 43.4, 42.0, 31.1, 30.5, 25.9, 22.5, 13.8; EIMS m/z
(rel int) 321 (M*, 0.4), 132 (100). Anal. Calcd for C15H27NO,S:
C, 67.26; H, 8.47; N, 4.43. Found: C, 67.06; H, 8.30; N, 4.52.
cis/trans-3-tert-Butylthiomethyl-4-pentyl-5-phenyl-2-
oxazolidinone (cis/trans-9e). cis-9e (51% yield): IR (neat)
1754 cm™%; *H NMR ¢ 7.36—7.40 (m, 5 H), 5.56 (d, 1 H, J =
8.2),5.10 (d, 1 H, J = 14.9), 4.30 (dt, 1 H, J = 8.2, 3.6), 4.06
(d,1H,J=149),1.42 (s, 9 H), 1.20—-0.84 (m, 8 H), 0.71 (t, 3
H, J=6.7); 8°C NMR ¢ 156.9, 134.7, 128.6, 128.4, 126.6, 79.1,
57.5, 43.5, 42.6, 31.5, 31.3, 27.6, 24.3; EIMS m/z (rel int) 335
(M*, 0.1), 132 (100). Anal. Calcd for C19H29NO,S: C, 68.03; H,
8.71; N, 4.17. Found: C, 67.89; H, 8.67; N, 4.18. trans-9e (24%
yield): IR (neat) 1748 cm™*; 'H NMR ¢ 7.40—7.30 (m, 5 H),
510(d,1H,J3J=58),507(d, 1H,J=14.4),406(d,1H,J
=14.4),3.90 (m, 1 H), 1.70—1.40 (m, 2 H), 1.35 (s, 9 H), 1.30—
0.94 (m, 6 H), 0.88 (t, 3 H, J = 6.4); 1*C NMR 6 156.3, 138.6,
126.6, 126.0, 79.0, 60.7, 43.4, 42.1, 31.6, 31.2, 27.6, 23.4, 2.6,
13.6; EIMS m/z (rel int) 335 (M*, 0.3), 132 (100). Anal. Calcd
for C19HsNO,S: C, 68.03; H, 8.71; N, 4.17. Found: C, 68.14;
H, 8.61; N, 3.96.
cis-3-tert-Butylthiomethyl-4-cyclohexyl-5-phenyl-2-ox-
azolidinone (cis-9f). This compound was prepared from 3f
according to the general procedure E except that 1.3 equiv of
benzaldehyde was used (40% yield): mp 109—110 °C; IR (KBr)
1738 cm™%; *H NMR ¢ 7.40—7.27 (m, 5 H), 5.60 (d, 1 H, J =
8.0), 5.21 (d, 1 H, J = 14.9), 42 (m, 1 H), 415 (d, 1 H, J =
14.9), 1.60—1.45 (m, 5 H), 1.42 (s, 9 H), 1.26—0.78 (m, 6 H,);
13C NMR 6 157.1, 134.7, 128.3, 125.9, 80.1, 61.5, 44.5, 43.6,
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38.8, 31.4, 31.3, 27.2, 26.8, 26.0, 25.7; EIMS m/z (rel int) 290
(l\/lJr — C4Hy, 6), 132 (100) Anal. Calcd for CyH29NO,S: C,
69.14; H. 8.41; N, 4.03. Found: C, 69.35; H, 8.43; N, 4.03.
cis/trans-3-tert-Butylthiomethyl-4-isopropyl-5-phenyl-
2-oxazolidinone (cis/trans-9g). This mixture of diastereo-
mers was prepared from 3g according to the general procedure
E except that 5 equiv of n-BuLi and 5 equiv of benzaldehyde
were used and KH was the base used for cyclization. cis-9g
(50% yield): mp 95-98 °C; IR (KBr) 1727 cm™%; *H NMR o
7.43—-7.21 (m,5H),558(d, 1 H,J=8.2),522(d,1H,J=
15.0), 4.29 (dd, 1 H, J=2.2,8.2), 4.1 (d, 1 H, J = 15.0), 1.74—
1.62 (m,1H),1.41(s,9H),087(,3H,J=7.1),0.68(d, 3H,
J=17.1); 3C NMR 6 157, 134.5, 128.3, 128.1 125.9, 79.7, 61.6,
44.3, 435, 31.3, 28.2, 21.2, 16.3; EIMS m/z (rel int) 307 (M*,
0.1), 91 (100). Anal. Calcd for C17H2sNO,S: C, 66.42; H, 8.20;
N, 4.55. Found: C, 66.60; H, 8.17; N, 4.62. trans-9g (18%
yield): mp 60—69 °C; IR (KBr) 1733 cm™%; *H NMR ¢ 7.43—
7.21(m,5H),5.18(d, 1 H,J3=4.9),510(d, 1 H,J =14.9), 4
03 (d, 1 H, J = 14.9), 4.00—3.95 (m, 1 H), 2.14 (m, 1 H), 1.30
(s, 9 H),0.99 (t, 6 H, J =6.7); 13C NMR ¢ 156.5, 139.7, 128.7
128.5, 125.3, 75.4, 65.1, 49.4, 31.1, 27.2, 17.7, 15.0; EIMS m/z
(rel int) 307 (M*, 1), 174 (100). Anal. Calcd for C17H2sNO,S:
C, 66.42; H, 8.20; N, 4.55. Found: C, 66.62; H, 8.14; N, 4.60.
cis/trans-3-tert-Butylthiomethyl-4-ethyl-5-(4-meth-
oxyphenyl)-2-oxazolidinone (cis/trans-9h). cis-9h (57%
yield): mp 58—62 °C; IR (KBr) 1739 cm™*; *H NMR 6 7.25 (d,
2H,J=8.6),6.90(d,2H,J=8.6),552(d,1H,J=38.2),5.10
(d, 1 H, 14.8), 4.21 (dt, 1 H, J = 3.6, 8.2), 4.06 (d, 1L H, J =
14.8), 3.82 (s, 3 H), 1.42 (s, 9 H), 1.50—1.19 (m, 2 H), 0.59 (t,
3 H,J=7.4); 8C NMR ¢ 159.7, 156.9, 128.9, 126.7, 114.7,
78.7,58.4,55.2, 43.3, 42.5, 31.2, 20.6, 9.2; EIMS m/z (rel int)
323 (M, 2), 190 (100). Anal. Calcd for C17H2sNOsS: C, 63.14;
H, 7.79; N, 4.33. Found: C, 63.40; H, 7.53; N, 4.39. trans-9h
(23% yield): IR (neat) 1750 cm™; *"HNMR 6 7.26 (d, 2 H, J =
8.8),6.9(d,2H,J=28.8),5.08(d, 1 H,J=14.8),5.05(d, 1 H,
J=6.8),4.05(d, 1 H,J =1438), 3.98 (dt, 1 H, J = 3.2, 6.8),
3.81 (s, 3H),1.82-1.63 (m, 2 H), 1.37 (5,9 H),0.94 (t, 3H, J
= 7.4); 8C NMR ¢ 159.9, 156.3, 130.3, 127.5, 114, 79.4, 61.2,
55.1, 43.3, 41.9, 31.1, 23.2, 7.9; EIMS m/z (rel int) 323 (M",
1), 190 (100). Anal. Calcd for C17H2sNO3sS: C, 63.14; H, 7.79;
N, 4.33. Found: C, 63.06; H, 7.79; N, 4.29.
cis/trans-3-tert-Butylthiomethyl-4-ethyl-5-cyclohexyl-
2-oxazolidinone (cis/trans-9i). cis-9i (40% yield): IR (neat)
1748 cm %, 'HNMR 6 5.0 (d, 1 H, J =14.8),3.98 (d, 1 H, J =
14.8),3.91 (dd, 1 H,J = 5.4, 6.0), 3.82 (9, 1 H, J = 5.0), 1.90—
1.56 (m, 7 H), 1.37 (s, 9 H), 1.48—1.0 (m, 6 H), 0.89 (t, 3 H, J
=7.4); ®*C NMR 6 156.5, 81.7, 55.9, 43.3, 42.0, 41.6, 31.1, 28.1,
27.3, 26.0, 25.7, 25.4, 23.6, 7.4; EIMS m/z (rel int) 299 (M,
1), 70 (100). Anal. Calcd for C16H29NO,S: C, 64.18; H, 9.76;
N, 4.68. Found: C, 63.98; H, 9.98; N, 4.75. trans-9i (30%
yield): mp 66—69 °C; IR (KBr) 1713 cm™%; *H NMR ¢ 5.05 (d,
1H,J=14.9). 4.07 (m, 2 H), 3.94 (d, 1 H, J = 14.9), 2.05 (m,
1 H), 1.78-1.60 (m, 8 H), 1.37 (s, 9 H), 1.35—-1.31 (m, 2 H),
1.21 (t, 3 H, J = 7.0); 3C NMR (63 MHz) ¢ 157.8, 82.5, 55.7,
43.4,42.4,36.8,29.4, 29, 26.1, 25.3, 25.2, 19.4, 9,4; EIMS m/z
(rel int) 242 (M™ — C4H,, 1), 210 (16), 166 (8), 70 (100). Anal.
Calcd for C16H29NO,S: C, 64.18; H, 9.76; N, 4.68. Found: C,
64.45; H, 9.57; N, 4.96.
cis/trans-3-tert-Butylthiomethyl-4-ethyl-5-isopropyl-2-
oxazolidinone (cis/trans-9j). cis-9j (30% yield): IR (neat)
1750 cm=%; *H NMR 6 5.06 (d, 1 H, J = 14.9), 4.07—3.94 (m, 2
H), 3.90 (d, 1 H, J = 14.9), 2.10 (m, 1H), 1.70 (m, 2 H), 1.37 (s,
9 H), 1.10 (d, 3 H, J = 6.5), 0.95 (m, 6 H); 1*C NMR 6 157.2,
83.7, 55.7, 435, 42.4, 31.2, 27.3, 19.3, 19.2. 19.1, 9.2; EIMS
m/z (rel int) 259 (M*, 1), 70 (100). Anal. Calcd for CizHos-
NO,S: C, 60.20; H, 9.72; N, 5.40. Found: C, 60.01; H, 9.59;
N, 5.31. trans-9j (39% vyield): mp 60—62 °C; IR (KBr) 1749
cm™% 'H NMR 6 501 (d, 1 H,J =14.9),398(d, 1 H, J =
14.9),3.84 (dd, 1 H,J =5.3,6.2),3.80 (g, 1 H, J = 4.9), 1.86—
1.73 (m, 1 H), 1.68—1.57 (m, 2 H), 1.37 (s, 9 H), 1.00 (d, 3 H,
J=16.5),0.98(d, 3H, J=6.5),0.89 (t, 3H, J = 7.5); 1*C NMR
0156.4, 82.4,56.1, 43.4,41.5,32.4, 31.1, 23.7,17.7, 17.0, 7.4;
EIMS m/z (rel int) 259 (M*, 1), 70 (100). Anal. Calcd for Ci3Has-
NO,S: C, 60.20; H, 9.72; N, 5.40. Found: C, 60.40; H, 9.55;
N, 5.40.
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General Procedure F: Preparation of O-Methylman-
delates 10. To a 0.2 M solution of HOBT (1.1 equiv) in CHa-
Cl; were added (S)-O-methylmandelic acid (1.1 equiv) and DCC
(1.1 equiv), and the mixture was cooled (0 °C). The crude
primary stannylamine (prepared from phthalimides 4 as
described in general procedure A) was then added as a 0.4 M
solution in CH.Cl,, and the reaction mixture was stirred at
room temperature for 15 h. The mixture was concentrated in
vacuo, and the resulting residue was extracted with 3:1
hexane/Et,0, filtered through a plug of silica, and concentrated
in vacuo. The two diastereomers were separated by flash
chromatography (60 g silica/g of substrate; 10:1 hexane/Et,0).

N-(1-Tributylstannylpropyl)-2-methoxy-2-phenylace-
tamide (10b). This compound was prepared from 4b according
to general procedure F as a mixture of diastereomers in 87%
overall yield. The less polar diastereomer (1'R,2S)-10b exhib-
ited: [a]?*°> = —34.5 (c 1.0, CHCI5); IR (neat) 3310, 1661 cm™%;
'HNMR § 7.4-7.3 (m,5H),6.93(d, 1H,J=7.2),458 (s, 1
H), 3.36 (s, 3 H), 3.30 (m, 1 H), 1.84—1.66 (m, 2 H), 1.52—1.18
(m, 12 H), 0.95—-0.67 (m, 18 H); *3C ¢ 169.4, 137.2, 128.3, 128.0,
126.8, 83.9, 57.0, 41.1, 29.0 (3J = 19), 27.4 (3] = 56), 27.2, 13.6,
12.8,9.7 (*J = 318, 305); FABMS m/z (rel int) 440 (M* — C4Ho,
100). Anal. Calcd for C,7H4NO,Sn: C, 58.08; H, 8.73; N, 2.82.
Found: C, 57.89; H, 8.64; N, 2.92.

N-(1-Tributylstannylhexyl)-2-methoxy-2-phenylaceta-
mide (10e). This compound was prepared from phthalimide
4e according to general procedure F as a mixture of diaster-
eomers in 77% overall yield. The less polar diastereomer
(1'R,2S)-10e exhibited: [0]?°o = —33.2 (c 1.0, CHCIly); IR (neat)
3305, 1660 cm™%; *H NMR 6 7.3 (m, 5 H), 6.90 (d, 1 H, J =
7.6), 4.58 (s, 1 H), 3.35 (s, 3 H), 3.35 (m, 1 H), 1.72—-1.10 (m,
20 H), 0.90—-0.71 (m, 18 H); 3C NMR ¢ 169.3, 137.3, 128.3,
128.2, 126.9, 83.9, 57.1, 39.2, 34.2, 31.4, 29.1 (3J = 19), 27.9,
27.4 (3J = 56), 22.5, 13.9, 13.6, 9.8 (*J = 304, 318); FABMS
m/z (rel int), 482 (M — C4H,, 100). Anal. Calcd for Cy7Hae-
NO,Sn: C, 60.23; H, 9.17; N, 2.60. Found: C, 60.30; H, 9.37;
N, 2.77.

(1'R,2S)-N-tert-Butoxycarbonyl-N-(1-tributylstannyl-
propyl)-2-methoxy-2-phenylacetamide (11b). This com-
pound was prepared from (1'R,2S)-10b according to the
general procedure B, with a reaction time of 48 h, in 74%
yield: IR (neat) 1725, 1683 cm™%; 'H NMR ¢ 7.37—7.28 (m, 5
H), 5.98 (s, 1 H), 3.62 (t, 1 H, J = 8.0), 3.41 (s, 3H), 1.53 (s, 9
H), 1.63—1.21 (m, 20 H), 0.88 (t, 9 H, J =7.2),0.53 (t, 3 H, J
=7.3); 3C NMR 6 173.9, 153.8, 146.5, 136.7, 128.2, 128.0, 83.0,
82.6,57.1,48.5, 28.8 (?J = 19), 27.5, 27.2 (3J = 57), 24.3, 14.9,
13.4,12.1,10.2 (*J = 312, 328); FABMS m/z (rel int) 540 (M*
— C4Hg, 14), 121 (100). Anal. Calcd for C2Hs:NO4Sn: C, 58.40;
H, 8.62; N, 2.35. Found: C, 58.28; H, 8.79; N, 2.38.

(1'R,2S)-N-tert-Butoxycarbonyl-N-(1-tributylstannyl-
hexyl)-2-methoxy-2-phenylacetamide (11e). This com-
pound was prepared from (1'R,2S)-10e according to the
General Procedure B, with a reaction time of 36 h, in 77%
yield: IR (neat) 1724, 1684 cm™%; 'H NMR ¢ 7.35—7.27 (m, 5
H), 5.98 (s, 1 H),3.72(dd, 1 H,J=8.4,7.4),3.41 (s,3H), 143
(s, 9 H), 1.52—1.22 (m, 14 H), 1.06—0.71 (m, 24 H); 3C NMR
6171.1, 154.0, 136.9, 128.3, 128.2, 83.2, 82.8, 57.4, 46.8, 31.4,
29.1 (33 =19), 27.8, 27.4 (33 = 58), 22.5, 13.9, 13.6, 10.4 (*J =
313, 328); FABMS m/z (rel int) 582 (M*-C4H,, 12), 121 (100).
Anal. Calcd for Cs;Hs;NO,Sn: C, 60.19; H, 9.00; N, 2.19.
Found: C, 60.19; H, 9.03; N, 2.26.

Preparation of (R)-tert-Butyl Carbamates 12b and 12e.
Hydrazine hydrate (10 equiv) was added to a 1 M solution of
stannane 11 in MeOH. The reaction mixture was stirred at
reflux for 12—15 h. The solvent was removed in vacuo, and
the resulting residue was diluted with Et,O and washed with
water (three times). The organic layer was dried (MgSO,),
filtered though Celite, and concentrated in vacuo to give the
carbamates as colorless oils in quantitative yield. The two
carbamates 12b (R = Et) and 12e (R = n-CsH11) exhibited the
same spectral characteristics as the ones reported in the
literature.®

Preparation of Iminodicarbonates (R)-6b and (R)-6e.
To a cooled (—78 °C) solution of LDA (0.3 M, 1.5 equiv) in THF
was slowly added a solution of stannane 12 (0.5 M in THF).
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After 45 min, a solution of methyl cyanoformate (2 equiv, 1 M
in THF) was added, and the solution was stirred for 2 h. The
reaction was quenched with saturated NH,Cl and allowed to
warm to room temperature. The resulting mixture was diluted
with Et,O and washed with water, and the organic layer was
dried (MgSOQ.,), filtered through Celite, and concentrated in
vacuo. The crude product was purified by flash chromatogra-
phy (40 g silica/g of substrate; 10:1 hexane/Et,0) to give the
products as colorless oils. tert-Butyl Methyl (R)-N-(1-Tri-
butylstannylpropyl)iminodicarbonate [(R)-6b] was pre-
pared from 12b in 75% yield: [0]®s7s = +61.2 (¢ 1.0, CHCIy);
all the other spectral characteristic are as described above for
racemic 6b. tert-Butyl methyl (R)-N-(1-tributylstannyl-
hexyl)iminodicarbonate [(R)-6e] was prepared from 12e
in 91% vyield: [a]®°s7s = +65.2 (¢ 1.0, CHCIy); all the other
spectral characteristics are as described above for racemic 6e.

tert-Butyl (R)-N-tert-Butylthiomethyl-N-(1-tributyl-
stannylpropyl)carbamate [(R)-3b]. This compound was
prepared from (R)-6b according to the general procedures C
and D (77 and 89% yields, respectively): [a]?%s7s = +51.9 (c
1.0, CHCIg); all the other spectral characteristics are as
described for racemic 3b.

tert-Butyl (R)-N-tert-Butylthiomethyl-N-(1-tributyl-
stannylhexyl)carbamate [(R)-3e]. This compound was pre-
pared from (R)-6e according to the general procedures C and
D (79 and 87% yields, respectively): [0]?’s;s = +46.6 (c 1.0,
CHCly); all the other spectral characteristics are as described
for racemic 3e.

(4S,5R)-3-tert-Butylthiomethyl-4-ethyl-5-phenyl-2-ox-
azolidinone [(4S,5R)-9b]. This compound was prepared as
described in general procedure E: [a]®’s7s = +58.0 (c 1.0,
CHCly); all the other spectral characteristics are as described
for cis-9b.

(4S,5S)-3-tert-Butylthiomethyl-4-ethyl-5-phenyl-2-ox-
azolidinone [(4S,5S)-9b]. This compound was prepared as
described in general procedure E: [a]*’s;s = +61.1 (c 1.0,
CHCls); all the other spectral characteristics are as described
for trans-9b.

General Procedure G: Preparation of Primary f-Ami-
no Alcohols from Oxazolidinones 9. To a 0.1 M solution of
oxazolidinone 9 (0.1-0.2 mmol) in EtOH was added 2 M LiOH
(5 equiv), and the reaction mixture was stirred at reflux for
the specified time. The solvent was removed in vacuo, and the
remaining residue was diluted with Et,O and extracted with
1 M HCI (four times). The combined acid extracts were basified
(2 M NaOH), extracted with EtOAc, dried (MgSO,), filtered
through Celite, and concentrated in vacuo to give -amino
alcohol 14. The crude amino alcohol was dissolved in EtOH (2
mL), and concentrated HCI (three drops) was added. The
reaction mixture was concentrated in vacuo to give a white
solid which was recrystallized from 2-propanol to give the
amine hydrochloride salt as a white solid.

General Procedure H: Preparation of Primary g-Ami-
no Alcohols from Aminoacetals 13. A 1.0 M solution of the
f-amino alcohol 8 in 1:1 2 M HCI/THF was stirred at reflux
overnight. The reaction mixture was diluted with Et,O and
extracted with 1 M HCI (several times). The combined acid
extracts were basified with 2 M NaOH, extracted with EtOAc,
dried (MgSO.,), filtered through Celite, and concentrated in
vacuo to give aminoacetal 13 as a yellow oil. The aminoacetals
seemed to decompose when exposed to silica gel; hence, they
were used without purification. To a 1 M solution of the
aminoacetal in CH,Cl, was added 1,3-propanedithiol (10 equiv)
followed by BF3-Et,O (3 equiv). The reaction mixture was
stirred at room temperature for 24 h. The solution was diluted
with CH,ClI; and extracted with 1 M HCI. The combined acid
extracts were basified (2 M NaOH), extracted with EtOAc,
dried (MgSQ,), filtered through Celite, and concentrated in
vacuo to give the crude g-amino alcohols as a white solid. The
fB-amino alcohols were converted to their HCI salts as described
in general procedure G.

(1R*,25*)-2-Amino-1-phenyl-1-propanol (Norephedrine)
HCI Salt [(1R*,2S*)-15a]. This compound was prepared from
oxazolidinone cis-9a according to general procedure G, with a
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reaction time of 15 h, in 84% yield: mp 189—191 °C (lit.?” mp
194-196 °C); IR (KBr) 3318, 1031 cm™%; *H NMR 6 8.37 (broad
singlet, 3H), 7.40—7.20 (m, 5 H), 5.38 (br s, 1H), 5.27 (d, 1 H,
J=2.0),3.49 (m, 1 H), 1.11 (d, 3 H, J = 6.7); 2*C NMR 6 139.7,
127.0, 126.3, 124.8, 70.5, 51.9, 10.2; ESMS m/z (rel int) 152
(M* — ClI, 100). Anal. Calcd for CoH24CINO: C, 57.60; H, 7.52;
N, 7.46. Found: C, 57.70; H, 7.25; N, 7.28.

(1R*,25*)-2-Amino-1-phenyl-1-butanol HCI Salt [(1R*,-
2S*)-15b]. This compound was prepared from oxazolidinone
cis-9b according to general procedure G, with a reaction time
of 12 h, in 75% yield: mp 243—245 °C; IR (KBr) 3312, 1040
cm™%; 'H NMR 6 8.16 (br s, 3 H), 7.42—7.27 (m, 5 H), 5.78 (d,
1H,J=237),5.16 (s, 1 H), 3.17 (m, 1 H), 1.51-1.31 (m, 2 H),
0.89 (t, 3 H, J = 7.5); 8C NMR 6 139.5, 127.1, 126.4, 125.1,
70.7, 57.6, 18.5, 9.5; ESMS m/z (rel int) 166 (M* — CI, 100).
Anal. Calcd for CioH16CINO: C, 59.55; H, 8.00; N, 6.94.
Found: C, 59.55; H, 7.84; N, 6.90.

(1R,2S)-2-Amino-1-phenyl-1-butanol HCI Salt [(1R,2S)-
15b]. This compound was prepared from cis-oxazolidinone
(4S,5R)-9b as described above: [0]*p= —32.5 (c 1, MeOH)
(lit.?° [o]?°p= —33.1 (c 1, H,0)); all other spectral character-
istics are as described for (1R*,2S*)-15b.

(1R*,2S*)-2-Amino-1-phenyl-1-pentanol HCI Salt [(1R*,-
25*)-15c]. This compound was prepared from aminoacetal 13c
according to general procedure H in 70% yield: mp 212—-214
°C; IR (KBr) 3308, 1043 cm™%; 'H NMR (250 MHz) 6 8.13
(broad singlet, 3 H), 7.78—7.27 (m, 5 H), 5.15 (d, 1 H, J = 2.5),
3.25(m, 2 H), 1.54—1.35 (m, 3 H), 1.19—1.11 (m, 1 H), 0.79 (t,
3 H,J=6.8); °C NMR ¢ 139.1, 126.5, 125.7, 124.5, 70.1, 54.8,
26.8,17.1, 12.1; ESMS m/z (rel int) 180 (M* — ClI, 100). Anal.
Calcd for C11H1sCINO: C, 61.24; H, 8.41; N, 6.40. Found: C,
60.97; H, 8.40; N, 6.44.

(1R*,2S*)-2-Amino-1-phenyl-1-hexanol HCI Salt [(1R*,-
2S*)-15d]. This compound was prepared from aminoacetal 13d
according to general procedure H in 75% yield: mp 208—210
°C; IR (KBr) 3335, 1044 cm™; *H NMR 6 8.36 (br s, 3 H), 7.45—
7.22 (m, 5 H), 5.37 (d, 1 H, 3 = 2.0), 5.30—5.00 (broad, 1 H),
3.39 (m, 1 H), 1.63—1.11 (m, 6 H), 0.76 (t, 3 H, J = 6.5); 13C
NMR ¢ 139.1, 126.3, 125.6, 124.3, 69.9, 54.9, 25.7, 24.1, 20.3,
11.9; ESMS m/z (rel int) 194 (M* — CI, 100). Anal. Calcd for
C12H2CINO: C, 62.73; H, 8.77, N, 6.09. Found: C, 63.00; H,
8.79; N, 6.29.

(1R*,2S*)-2-Amino-1-phenyl-1-heptanol HCI Salt [(1R*,-
25*)-15e]. This compound was prepared from aminoacetal 13e
according to the general procedure H in 86% yield: mp 165—
168 °C; IR (KBr) 3326 cm™%; *H NMR 0 8.22 (br s, 3 H), 7.43—
7.26 (m, 5H),5.23 (d, 1 H,J =2.5), 3.30—3.12 (m, 2 H), 1.40—
1.22 (m, 2 H), 1.19-0.88 (m, 6 H), 0.81 (t, 3 H, J = 6.2); °C
NMR 6 139.6, 127.4, 126.6, 125.2. 71.0, 56.6, 30.4, 25.4, 24.4,
21.2,13.0; ESMS m/z (rel int) 208 (M* — ClI, 100). Anal. Calcd
for C13H2,CINO: C, 64.05; H, 9.10; N, 5.74. Found: C, 63.84;
H, 8.91; N, 5.66.

(1R*,25*)-2-Amino-3-methyl-1-phenyl-1-butanol HCI
Salt [(1R*,25*)-15¢g]. This compound was prepared from
oxazolidinone cis-9g according to general procedure G, with a
reaction time of 20 h, in 76% yield: mp 233—-235 °C; IR (KBr)
3294, cm™; 'H NMR 6 8.08 (br s, 3 H), 7.72—7.25 (m, 5 H),
5.20 (d, 1 H, 3 = 3.7), 5.10 (br s, 1 H), 3.18 (m, 1 H), 1.89—
1.79 (m, 1 H), 1.03 (d, 3H, J =6.8), 0.96 (d, 3H, J =6.9); °C
NMR ¢ 139.4, 127.3, 126.5, 125.5, 70.6, 60.9, 25.1, 20.0, 17.2;
ESMS m/z (rel int) 180 (M* — CI, 100). Anal. Calcd for C11H1g-
CINO: C, 61.53; H, 7.98; N, 6.52. Found: C, 61.14; H, 8.26;
N, 6.23.

(1R*,25%*)-2-Amino-1-(4-methoxyphenyl)-1-butanol HCI
Salt [(1R*,2S*)-15h]. This compound was prepared from
oxazolidinone cis-9h according to general procedure G, with a
reaction time of 20 h, in 66% yield: mp 200—202 °C; IR (KBr)
3346, cm~%; 'H NMR 6 8.15 (broad singlet, 3 H), 7.32 (d, 2 H,
J=28.6),6.9(d, 2H,J=28.6),574 (brs, 1 H), 510 (m, 1 H),
3.79 (s, 3 H), 3.18 (m, 1 H), 1.50 (m, 2 H), 0.89 (t, 3 H, J =
7.4); 13C NMR ¢ 157.6, 131.4, 126.2, 112.5, 70.3, 57.8, 54.0,
18.5, 9.5; ESMS m/z (rel int) 196 (M* — ClI, 100). Anal. Calcd

(27) Aldrich catalog no. 13,143-1.
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for C11H1sCINO,: C, 57.01; H, 7.83; N, 6.04. Found: C, 56.86;
H, 7.77; N, 6.11.
(1R*,2R*)-2-Amino-1-(4-methoxyphenyl)-1-butanol HCI
Salt [(1R*,2R*)-15h]. This compound was prepared from
oxazolidinone trans-9h according general procedure G but
using n-propanol as solvent. The reaction was stirred for 48
h, and the product was obtained in 76% yield: mp 191-195
°C; IR (KBr) 3345 cm™; *H NMR 9 8.05 (broad singlet, 3 H),
7.30(d,2H,3=8.6),6.90(d,2H,J=28.6),6.01(d,1H,J=
3.6), 4.56 (dd, 1 H, J = 6.0, 3.6), 3.80 (s, 3 H), 3.06 (m, 1 H),
1.52—-1.45 (m, 2 H), 0.90 (t, 3 H, J = 7.4); C NMR ¢ 157.6,
131.4, 126.2, 112.5, 70.3, 57.8, 54.0, 18.5, 9.5; ESMS m/z (rel
int) 196 (M* — ClI, 95). Anal. Calcd for C;;H15CINO,: C, 57.01;
H, 7.83; N, 6.04. Found: C, 56.94; H, 7.59; N, 5.88.
(1R,2S)-N-tert-Butoxycarbonyl-2-amino-1-phenylbut-
anol [(1R,2S)-16]. To a 0.25 M solution of amino alcohol
(1R,2S)-14b in THF were added Et;N (1.2 equiv) and Boc,O
(1.2 equiv). The reaction mixture was stirred at room temper-
ature for 1 h. The resulting mixture was diluted with Et,O
and washed with 1 M KHSO;, (three times) and water. The
organic solution was dried (MgSQO,), filtered through Celite,
and concentrated in vacuo. The crude product was purified by
flash chromatography (60 g silica/g of substrate; 2:1 hexane/
Et,0) to give (1R,2S)-16 as a white solid (98% yield): mp 99—
102 °C; [a]®*» = —105.7 (c 1.0, CHCI3); IR (KBr) 3375, 1689
cm~L; 1H NMR 6 7.33 (m, 5 H), 4.86 (m, 1 H), 4.48 (broad d, 1
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H, J=8.0), 1.46 (s, 9 H), 1.24 (m, 2 H), 0.91 (t, 3H, J = 7.3);
3C NMR 0 147.1, 140.8, 128.1, 127.4, 126.5, 79.8, 76.8, 58.2,
28.3, 22.6, 10.7; ESMS m/z (relative intensity) 267 (M* + 2,
18), 266 (M* + 1, 100). Anal. Calcd for C;sH23NO3: C, 67.98;
H, 8.74; N, 5.28. Found: C, 68.04; H, 8.61; N, 5.22.

General Procedure I: Mitsunobu Reaction of f-Amino
Alcohols 8. To a 0.1 M solution of amino alcohol 8 in THF
was added PPhs (1.2 equiv). The solution was cooled to 0 °C,
DEAD (1.2 equiv) was slowly added, and the reaction mixture
was stirred at room temperature for 1.5 h. The solvent was
removed in vacuo, and the crude product was purified by flash
chromatography (100 g silica/g of substrate; 5:1 hexane/Et,0).
trans-3-tert-Butylthiomethyl-4-methyl-5-phenyl-2-oxazo-
lidinone (trans-9a) was prepared from anti-8a as a white solid
in 89% vyield while trans-3-tert-butylthiomethyl-4-ethyl-
5-phenyl-2-oxazolidinone (trans-9b) was prepared from
anti-8b in 92% yield. Both compounds exhibited spectral data
identical to that obtained for the same compounds prepared
by NaH cyclization of the corresponding syn amino alcohols.
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