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Homochiral a-amino acids, heterocycles, and carbocycles are efficiently constructed via a short sequence of reactions starting from the chiral
auxiliary p-menthane-3-carboxaldehyde. The key feature of the sequence is a highly selective tandem Mitsunobu/3,3-sigmatropic rearrangement
of hydrazoic acid that procures enantiomerically enriched allylic azides. The sequence is either terminated by oxidative cleavage to provide

amino acids or by ring-closing metathesis to provide heterocycles or carbocycles bearing nitrogen.

p-Menthane-3-carboxaldehydds a useful chiral auxiliary
used for the construction of chirat-alkylated carbonyl
compounds, including quaternary carborisEffecting ste-
reoselective €N bond formation from allylic alcoh@ with
complete transposition of the double bond would usefully
expand our methodology to make nitrogen-containing prod-
ucts (Scheme B.
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Cleavage of the auxiliary on this system is usually done

in 3 should be amenable to a ring-closing metathesis (RCM)
reaction such that carbo- or heterocycles could be formed
concomitantly (Scheme 1).

With regard to the C—N bond formation, allylic azides
are known to rearrange at temperatures ranging from below
0 to 100 °C? However, Trost and Pulley pointed out that
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the reaction has not been used very often because its synthet
utility depends on the ability to control the thermodynamic
ratio of the two regioisomeric azid&sThis is infrequently
observed as it is normally substrate-dependent. Herein, we
report the successful execution of this transposition via a
Mitsunobu reaction o2 with hydrazoic acid followed by a
sterically biased 3,3-sigmatropic rearrangement of the result-
ing allylic azide with extraordinarily good thermodynamic
selectivity. Amino acid®’ or N-heterocyclésare obtained
depending on the method of cleavage of the chiral auxiliary.
Metal—halogen exchange reaction of vinyl iodids—d
or vinyl bromide4e furnished the corresponding vinyllithi-
ums. Each was added separately and stereoselectivély to
in the presence of AIM£ to give 5a—ein 54—67% yields
and excellent isomeric ratios (Scheme 2). In all cases, the
diastereomeric alcohols were separable by silica gel column
chromatography.

Scheme 2. AlMez-Promoted Vinyllithium Addition tol

Table 1. Selectivities in the Mitsunobu/Azide Rearrangement
of 5

N3 N,
= R + & R
5a-f 7a, p-N, " 9, BN,
8a-f, o-Nj 10a-f, o-N;
entry R prod yield 7:8 (7+8) :
(%)" (9+10)°
1 CH,OTBS a 76 >098:2 >08:2
2 CH,Ph b 80 97:3 >08:2
3 t-Bu ¢ 78 94 :6 >08:2
4 n-Pr d 80 92:8 >98:2
5 /;@ e 81 97:3 >98:2
6 Ph f 78 --- 6:94

a|solated yield.> Measured by HPLC against authentic mixtures7of
and8. ¢ Measured byH NMR.

#BuLi OH a%

X = :
\/\R AlMe; + R b 1701
¢ 200:1

da-e THF, 1 d 99:1
5a-e 6a-e e 46:1

a R =CH,OTBS, b R=CH,Ph, ¢ R=tBu,d R =n-Pr,e R=CH,
\j@

Mitsunobu? reaction of allylic alcoholssa—e with hy-
drazoic acid gave exclusively azidéa—e and no detectable
amount of {2 product9a—e (Table 1). The stereoselectivity
(7/8) of the reaction varied from very good (92:8) to excellent
(98:2).
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Itis unusual for the Mitsunobu reaction of allylic alcohols
to give §y2'-displacement products. There are known cases
of S\2' regioselectivity in that reaction, but in most of these
cases the alkene is electronically biasedulzer and co-
workers have performed Mitsunobu reactions of several
chiral allylic alcohols with phthalimide and reported that
regioselectivities depended on the substitution pattern of the
alkene (electronic and steric biasé’).

Azides7 are thus more likely formed via a norma|%
selective Mitsunobu reaction followed by a 3,3-sigmatropic
rearrangement of the resulting allylic azides. The rearrange-
ment, we believe, is under thermodynamic control, and the
steric bulk of the menthyl moiety destabilizes regioisomers
9 (or 10). Also, the stereochemical integrity of the initially
formed azide® is preserved during the concerted rearrange-
ment® We believe that the minor isomdi0 arises from
some RK2' displacement by the azide. Preliminary evidence
for this mechanistic rational comes from the Mitsunobu
reactions obf (R = Ph, entry 6), which gave predominantly
of, presumably because of its increased stability due to
conjugation of the double bond with the phenyl rivign
this case, the reaction was much less selective giving a 3:1
ratio of 9f/10f. More importantly, when the diastereomeric
alcohol 6f was submitted to the Mitsunobu conditions, the
ratio of 9f/10f was now reversed (1:3). The rearrangement
being concerted, this lower diastereoselectivity cannot be
explained by an @& displacement followed by rearrange-
ment. The identical but reversed ratios observed fsdand
6f rules out an §1 mechanism to explain the lower
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diastereoselectivity. Moreover, according to the work of || NNGNGGEG

Mulzer, a Mitsunobu reaction oﬁf without thg possibility Scheme 4. Synthesis of Heterocycles and Carbocycles
of rearrangement should have given predominantly ti# S

. Y 1. CsOH Z > NHBoc
displacement productf because of the aromatic riRg. By N RCM (1 N-BOC
Therefore, we propose that an increased amounty@f S b Boon R oo QR
displacement occurs in the case5bfand 6f because of the “iPr

14b-d 15b-d
bR=Bn,n=1,¢cR=tBu,n=0,dR=n-Pr,n=1

BocHN
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phenyl ring. The {2’ is less selective and gives a lower
ratio of 7f and 8f, which then rearrange t8f and 10f,
respectively, with preservation of their stereochemical in- (Boc),
tegrity. This explains whyf leads to a 3:1 ratio 09f/10f 11le ———
while 6f affords a 1:3 ratio of those same compounds.

The azide¥a—ewere then reduced to the corresponding
amines 1la—e with lithium aluminum hydride or using

NHBoc

17

Staudinger’s reaction (Scheme 3). Protection as a 9-fluore- 1 Boc), i-Pr NHBoc NHBoc
Ma —— SN Rem_ ‘
3. NaH, THF .
alfylbromide - Ay 84% o
Scheme 3. Synthesis ofx-Amino Acids 13a—d 18 10
- N LiAlHs, THF o Mz was performed using the Grubbs or the GrubNslan

R o R CHCl, catalyst in refluxing dichloromethane (dichloroethane for
: PPhs, H,0 : NaHCOs 18)17 Gratifyingly, these RCM were highly efficient and gave
© e THF, 85-100% e 86-100% pyrrolidine (15c), piperidines (15a15d), or carbo- and

heterocycles bearing an exocyclic nitrogetv,( and19).
a) O3, CH,Cl Compound 15d was hydrogenated to give (+)-N-Boc-

NHF b) PPh O ..
e c))Na03c;| NaH,PO TR coniine!®
R e o In summar e have developed a short and highl
13a:92: u y! W \Y \ p Ig y

NHFmoc

8
orane. 25.96% 13b:97:3 selective synthesis af-amino acids and heterocycles. The
' a C . . .. .
12a-d 13d:93:7 excellent regioselectivity of the azide rearrangement and the

efficient cleavage of the chiral auxiliary by RCM is of note.

We are currently applying the methodology to the synthesis

nylmethyl (9-Fm) carbamate proceeded in excellent yield to of more complex alkaloid natural products.

give 12a—d. Oxidative cleavage of the auxiliary I2a,b,d

afforded the amino acids3ab,d in good to excellent yields.

In the case of N-protecte@rt-leucinel3c, we isolated the

sensitiveo-amino aldehyde and then oxidized it with Jones’

reagent without racemization. This is significant because

o-amino aldehydes are difficult to obtain in the nonracemic ~ Supporting Information Available: Experimental pro-

form. They are used as starting material for the synthesis of cedures, characterization data, 2hdNMR spectra for all

complex amino alcohof$.Enantiomeric ratios (HPLC) were  new compounds. This material is available free of charge

consistent with the % dr obtained for azidés—d, 13a via the Internet at http://pubs.acs.org.

having suffered a slight loss of enantiomeric purity. The sign o) g52034N

of optical rotation of amino acidé3a—d confirmed their _

absolute stereochemistries and thus our stereochem|ca|_et(3%gg"‘f‘t%gé'f-lg‘gef\‘ag'ev A. S.; Schmidt, S. E.; Jung, K.Qvg.
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Alternatively, aminesl1b—d were monoalkylated with  BEFEm SR S0 O e e 266, (© Scholl M

4-bromo-1-butene or allyl bromide (Scheme '#)Ring- Trnka, T. M.; Morgan, J. P.; Grubbs, R. Hetrahedron Lett1999, 40,

closing metathesis (RCM) cleavage of the chiral auxiliairy 2247—2250.
(18) (a) Reding, M. T.; Buchwald, S. L. Org. Chem1998,63, 6344 —
6347. (b) Bois, F.; Gardette, D.; Gramain, J.&trahedron Lett2000,
(15) (a) Bergmeier, S. Cletrahedrorn2000,56, 2561—-2576. (b) Ager, 41, 8769—8772. (c) Wilkinson, T. J.; Stehle, N. W.; Beak,(R®g. Lett.
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