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An unprecedented stereo- and regioselective trisubstituted aziridine ring-opening by phenol derivatives was discovered. The reaction features
very mild reaction conditions and broad functional group compatibility, which provides a good method for the stereoselective formation of
tertiary alkyl-aryl ethers in highly functionalized systems.

Aziridines are versatile building blocks in organic synthesis has been well investigated. The Mitsunobu readtiand

by virtue of their highly strained ring systehNucleophilic transition-metal-catalyzed-G0 bond formatiohare widely
ring-opening reactions are particularly useful in exploiting used for this operation. However, formation of tertiary alkyl-
this reactivity, but trisubstituted and tetrasubstituted aziridines aryl ethers remains a challenging transformation. In general,
exhibit diminished reactivity due to increased steric hin- tertiary alkoxides are poor nucleophiles in transition-metal-
drance. Regioselectivity can be problematic because bothcatalyzed C-O bond formation and&\r reactions with aryl
carbons of the aziridine are susceptible to nucleophilic attack. halides. Alternatively, tertiary alkyl species with a leaving
However, acceptable levels of regioselectivity can often be group are not optimal as electrophiles becausk &d E1
achieved by controlling the steric and electronic effects processes are competitive with the desirgd action. The
exerted by the substituents of the two carbon atoms. Fewintegrity of the stereogenic carbon of the tertiary alkyl group
investigations report the generation of a new quaternary is often not maintained during the substitution. Consequently,
carbon center through an aziridine ring-opening reaction. most tertiary alkyl-aryl ether formation reactions are limited
Although useful for the formation of amino ethers, ring- to aryl tert-butyl etherification. Few reports have appeared
openings by oxygen nucleophiles are limifed. in the literature to form chiral tertiary alkyl ethers stereo-

Alkyl-aryl ethers are important constituents of pharma- selectively?

cologically interesting molecules. As a result, their synthesis  During the investigation of the total synthesis of ustiloxin
and phomopsin natural products, it was evident that a mild

8 Current address: Wyeth Research, 401 N. Middletown Rd., Pearl River,

10965. (4) For reviews: (a) Mitsunobu, GBynthesisl981, 1. (b) Hughes, D.
(1) For reviews: (a) Tanner, Rure Appl. Chem1993,65, 1319. (b) L. Org. React. (N.Y.1992,42, 355. (c) Hughes, D. LOrg. Prep. Proced.
Tanner, D.Angew. Chem., Int. Ed. Engl994,33, 599. (c) McCoull, W.; Int. 1996,28, 127.
Davis, F. A.Synthesi2000, 1347. (d) Sweeney, J. Bhem. Soc. Re (5) For Reviews: (a) Baranano, D.; Mann, G.; Hartwig, JCEtrr. Org.
2002,31, 247. (e) Dahanukar, V. H.; Zavialov, L. Zurr. Opin. Drug Chem.1997,1, 287. (b) Hartwig, J. FAngew. Chem., Int. Ed. Engl998,
Discovery Dev.2002,5, 918. (f) Lee, W. K.; Ha, H.-JAldrichimica Acta 37, 2046. (c) Hartwig, J. FRure Appl. Chem1999,71, 1417. (d) Hartwig,
2003,36, 57. (g) Padwa, A.; Murphree, S. SRKIVOC2006, 6. J. F.Handb. Organopalladium Chem. Org. Syn002,1, 1097—1106.
(2) Hu, X. E. Tetrahedron2004,60, 2701. (e) Muci, A. R.; Buchwald, S. LTop. Curr. Chem2002,219, 131. (f)
(3) (@) Papa, C.; Tomasini, CEur. J. Org. Chem2000, 1569. (b) Ley, S. V.; Thomas, A. WAngew. Chem., Int. EQ2003,42, 5400. (g)
Guthikonda, K.; DuBois, JJ. Am. Chem. So2002,124, 13672. Trost, B. M.; Crawley, M. L.Chem. Re»2003,103, 2921.

10.1021/0l062010w CCC: $33.50  © 2006 American Chemical Society
Published on Web 09/30/2006



reaction for the stereoselective formation of chiral tertiary || | NG

alkyl-aryl ethers with a vicinal amino group was critical for

a convergent synthesis. However, our investigation using
existing methods was of limited success because of either o8

harsh reaction conditions or low stereo- and regioselectivity.

Scheme 2. Effects of Protecting Groups on the Aziridine
Nitrogen
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A regioselective ring-opening reaction of an enantiomerically + \EW)*NH _DBU NHTs
pure aziridine by phenol derivatives was attractive because . ¥ . COzBn
it could afford a chiral alkyl-aryl ether with an adjacent ° f
stereogenic carbon bearing a nitrogen functionality. However, 2
investigation of traditional Lewis acid promoted ring-opening )
of a trisubstituted aziridine-2-carboxamide did not provide Yy o \:)&N
satisfactory results mainly due to the steric hindrance of the N
oc 7

disubstituted carbon center. Reports of copper-catalyzed
etherification of 1,1-dimethylpropargylic halides (or carbon-
ates or esters) with phenols provided tertiary alkyl-aryl ethers
efficiently even in a sterically congested environmefihese  inversion. It was therefore critical to confirm the absolute
reports led us to use an ethynyl aziridine in expectation of configuration. After many attempts, a crystal of compound
forming the desired chiral tertiary alkyl-aryl ether. Pleasantly, 3 that cocrystallized with CkCl, was obtained. The X-ray

the reaction between isovanillii) and ethynyl aziridine  structure showed that the oxygen nucleophile had approached
(2) afforded chiral tertiary alkyl-aryl ethe8 as a single  anti to the aziridine nitrogen, to provide the correct stereo-
diastereomeric product (Scheme 1). No stereo- or regioisomerchemistry of the tertiary alkyl-aryl ether and the vicinal

_ carbon center in ustiloxins and phomopsins (Figure 1).

Scheme 1. Ring-Opening of Trisubstituted Aziridin2 by

Isovanillin
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was isolated from the reaction mixture. To the best of our
knowledge, this reaction is the first stereo- and regioselective
ring-opening reaction of a trisubstituted aziridine and the first
nucleophilic substitution reaction occurring on the propar-
gylic site (SiP) of an ethynyl aziridiné.

Moreover, this new reaction seemed to be compatible with
many functionalities due to its mild conditions. Changing
the protecting group on the aziridine nitrogen from tosyl to
the more readily cleaved nosyl or Boc groups had little effect
on the yield (Scheme 2). A Cbz-protected aziridine exhibited
similar reactivity. The carbamate protecting groups are
particularly interesting because carbamates generally are no
considered to be sufficiently activating for aziridine ring-
opening reactions because of their weak electron-withdrawing
ability.

The fact that only one single product was isolated led to

the speculation that the C-3 carbon center had undergonel)' L
It was found that the solvent had the most significant

influence on the reaction. When changing from polar solvents
(MeCN, entry 1) to nonpolar solvents (GEl; or toluene,
entries 3 and 4), the yield was improved from 15% to 59%
and 50%, respectively. Toluene was chosen as the optimal
solvent because the reaction was cleaner in this solvent than
in CH,CI,, which resulted in easier product purification.
Through the screening of different copper sources, CuOAc
provided the best reaction with the combination of DBU as
the base. The tertiary alkyl-aryl ethg@mwas isolated in 60%
yield after 24 h at room temperature (entry 7).

Figure 1. X-ray structure of compound.

Although the ethynyl aziridine ring-opening reaction was
yery interesting and had the potential to be useful for the
formation of tertiary alkyl-aryl ethers, the reaction needed
to be optimized as the yield was only moderate. A number
of conditions, including different copper species, bases,
solvents, and reaction temperatures, were screened (Table
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Table 1. Optimization of Ethynyl Aziridine Ring-Opening by
Isovanillin

Table 2. Screening of Different Phenols in the Ethynyl
Aziridine Ring-Opening Reaction

OMe ° OMe /// 2 . OH . Q /o0 R, o
©/OH + wm/\cozhﬂe —‘Conditions ©/O NHTSN coalte ! YNH % \Q\OM%AC%'%
CHO ¥S CHO R 2 R22= Ts, Ry = Me 8 R2=T::3Ri Me
copper CuCl CuCl, CuCl, CuCl, CuCl, CuCl CuOAc B Re N R = (B %Ry =No. Ry = tBu
catalyst phenol aziridine product yield
base DBU DBU DBU DBU DBU ng/o i DBU . . O\ o
solvent MeCN THF CHyCl, toluene toluene toluene toluene \©\OH 2 NH'(\OOMQ 41%
temp rt ::) °(;,: 1(:) °(i ? °(;,: rt rt rt i
or O I O I Ve, Me. \///O
yield  15% 41% 59%  50%  47%  44%  60% \©\0H 2 O(}fﬂtﬁ/\m 42%
The electronic effect of the substituents on the phenol 2 MEO\@\ & o
: . ; OX‘ANAOOZMS 39%
nucleophile was examined. In this study, only para oH LA
substituted phenols were screened for easier comparison. A
saturated solution of CuOAc in toluene was used to ensure & Br\@ //0
consistent copper catalyst loadings in the reactions. The \QOH 2 N oo 39%
results of phenols with aziridingsand6 are shown in Table nete
2. The reaction of tosyl aziridin2 took longer to complete N NC\@ Zo
than that of nosyl aziridiné (24 vs 2 h) and proved more mm 2 MHN/\COsz 9%
difficult to isolate resulting in lower yields with this seriés. NHiTs
Strong and weak electron-donating groups (OMe and Me) O‘*&@\ Yo
and a weak electron-withdrawing group (Br) provided results 2 Nmoozwe 10%
similar to those for phenol. When a phenol with a stronger H Ners
elect_ron-withdrawing group was tested, mixed results were y H Yo
obtained. The reactions of 4-cyanophenol and 4-hydroxy- \Q 6 ONNACOZM 64%
benzaldehyde with tosyl-protected aziridid@rovided low o fne
yields of the desired tertiary alkyl-aryl ethers, whereas good p
yields were obtained when reacted with nosyl-protected W\@\ 6 Nb\@L c>\ﬁ(i oot 55%
aziridine 6 (entries 5 and 6). This observation could result ot [ o
from the combination of a less-reactive aziridine substrate,
weaker nucleophilicity of the phenols, and poor solubility 6 Neo\@\ ;//O 59%
in toluene of these two phenols. oH N'_MHN/\O()ZBJ °
Although the exact mechanism of the ethynyl aziridine
ring-opening reaction is under investigation, the reaction was - B“\Q do
successfully applied to a concise, convergent, and stereose- \QOH 6 NN cosd 7%
lective synthesis of ustiloxin D due to its mild reaction RS
conditions and broad functionality tolerance. Steric effects W\@\ Yo
were not problematic as excellent yields were obtained even C\QOH 6 NHN/\COzBu' 60%
with considerably bulky ortho- and meta-substituted phe- NS
nols1? owc\@ Yo
In conclusion, an unprecedented stereo- and regioselective 6 NN/\OOZBJ 71%
ethynyl aziridine ring-opening reaction by phenols was o NS

discovered. It is the first nucleophilic trisubstituted aziridine
ring-opening occurring at the more hindered position to form
a quaternary carbon center. Further investigation of this Acknowledgment. We thank the NIH (CA-40081), NSF

reaction, specifically toward understanding the role of copper, (CHEM-0130958), Wyeth Research, and the University of
is ongoing. Pennsylvania (Research Foundation) for financial support.

(9) A reviewer brought to our attention that nosyl aziridines have been ~ Supporting Information Available: Experimental pro-

studied extensively and have been found to be more reactive than theircedures and characterization data of azirididesd 6 and
tosyl counterparts with excellent regioselectivity with monosubstituted : - o :
aziridines. However, to the best of our knowledge, phenols and phenolatestertlary alkyl'ary! ether products. This material is available
were not tested as nucleophiles in these systems. Maligres, P. E.; See, Mfree of charge via the Internet at http://pubs.acs.org.
M.; Askin, D.; Reider, P. JTetrahedron Lett1997,38, 5253.

(10) Li, P.; Evans, C. D.; Joullie, M. MOrg. Lett.2005,7, 5325. OL062010W

Org. Lett, Vol. 8, No. 22, 2006 5107



