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Reaction ofN-tosylaziridines with nitriles and carbonyls to produce imidazolines and oxazolidines has
been studied in the presence of a variety of Lewis acids. The reaction is efficient with 1 equiyB£EBF

or EOBF, in CH.Cl,. However, it is catalytic with metal triflates that give the best results for cycloaddition

of N-tosylaziridine with nitriles under solvent free conditions. The same reaction with carbonyls proceeds
best in CHCI; in the presence of molecular sieves. Among various triflates, Zn¢®af been found to

be the best. The cleavage of tNeTs bond of the cyclized products has been studied in order to make

it more versatile in synthesis. The mechanistic aspect of the reaction has been studied by using chiral
aziridines as substrates. These formaH{32] cycloaddition reactions of aziridines with nitriles and
carbonyls proceed in a Ritter fashion.

Introduction SCHEME 1

Aziridine, a three-membered cyclic amine, has been exten- . (@) X X ()ﬁ X
sively exploited in organic synthesis due to high strain energy DR = N T yory Y A N
associated with the rinfy.The reactivity of this strained R R R

heterocyclic ring system depends on whether the substituents o ) o )
are electron withdrawing (activated) or electron donating provide flvefmember_ed nitrogen containing heterocycles which
(nonactivated). Its electrostatic potential is very different in the @ré useful in organic synthesis (Scheme 1). Most of these
nitrogen and carbon of the rifgThus, the most common  reactions involve alkenes and alkynes as dipolarophiesiing
reactions reported with aziridines are ring cleavage by various 0 the formation of pyrrolidine derivatives. The use of £d
kinds of nucleophiles. Activated aziridines react with nucleo- C in cycloaddition to aziridines forming 1,3-oxazolidin-2-
philes to yield ring-opened productsdowever, nonactivated ~ Ones and urethanes, respectively, has also been rep@tethin
aziridines are inert toward nucleophiles and require prior reports have also appeared on the cycloaddition of aziridines
activation with a Lewis acid.In any case, the nucleophilic ~ t© he_terocur_nulenes, carbodiimides, ketenimines, and isocyanates
opening proceeds via cleavage of thelCbond. Thus, aziridine  !eading to five-membered heterocycles. o _

can be considered as a masked 1,3-dipole that can undergo a While the chemistry of aziridines in cycloaddition reactions
formal [3 + 2] cycloaddition with a range of dipolarophiles to has been explored to some extent, not many reports involving
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nitriles as dipolarophiles have found sizable entry into the TABLE 1. Screening of Lewis Acids in the Reaction of Aziridines
literature. This is mainly because most nitriles are known to be With Benzonitrile?

poor dipolarophiles for intermolecular [$ 2] cycloaddition Ts Lewis acid, ph oh
reaction. The seminal contribution to this reaction was made N CH,Cly, rt N7 NTs ]/

by Hiyama and co-workers,who reported the reaction of A PRON———= " ISHN
acetonitrile or benzonitrile witN-alkoxycarbonylaziridine in PR 1 PR 2a 8

the presence of a Lewis acid to provide an imidazoline in good yield (%)
yield. A similar reaction was also reported by Zwanenburg and  gnyry Lewis acid time 2a 3

his group? Reported methods required harsh conditions like

higher temperature and excess of nitrile (as solvent) and were
limited to only acetonitrile or benzonitrile. As a preliminary Zn(OTfy 24 h 34 00
communication, we showed that the reaction can be extended Cu(OTf} 12h 39 00

1 BF:.OEk 5 min 67 00
2
3
4
to a variety of nitriles under mild conditiori8.In this paper, g Sn(OTf} 12h 22 00
2
8
9

EGOBF4 5 min 65 00

we report full details of our study for the reaction N#ftosyl Sc(OTh 12h a1 00

L . o . S . . . Yb(OTf)s 12h 22 00
aziridines with nitriles. Since imidazolines, formed in this In(OTha 12 h 31 00

reaction, are useful intermediates for the synthesis of molecules LiClO4 12h 15 00
with pharmacological activitie, we have also synthesized 10 Cu(MeCN)PFs 12h 23 00
stereodefined imidazolines from chiral aziridines. We have ﬁ E‘%E Oziﬂ 88 fg
further extended the work to aldehydes and ketones as di- 13 YbCh 24 h 00 33

polarophiles in the cycloaddition reaction with chiral and achiral

- . . L . a1 equiv of Lewis acid was used in all casé3.he product was isolated
aziridines so as to provide suitable oxazolidines, which are useful a P

as a mixture of regioisomers in a ratio of 4:1 (only the major regioisomer

in organic synthesi¥ is shown).
Results and Discussion TABLE 2. Formal [3 + 2] Cycloaddition of
2-PhenylN-tosylaziridine with Various Nitriles in the Presence of
Formal [3 + 2] Cycloaddition of N-Tosylaziridines with BF3-OFEt, or Et;0BF,4
Nitriles. We were interested to see the versatility of nitriles as Ts BF3.0Et, or Et30BFy, R
dipolarophiles in the formal [3- 2] cycloaddition reaction with N CHCly, rt, 5-10 min J\
aziridines. At the outset, the reaction of 2-pheNytosylaziri- Ph/J + RCN B_/NTS
dine with benzonitrile was studied in the presence of Lewis acids 1 Ph 2
such as Sn(OT$) Cu(OTfy, Sc(OTfy, InCls, CeCk, ErCh, yield? (%)
YbCls, LICIO4, BFs-Et,O, and E3OBF, in CH,CI, at room
entry R product BEOEt EtOBFP

temperature. Out of these Lewis acids, ;B0 and EtOBF,
were found to be the most efficient (Table 1). The reactionwas 1 Ph 2a 67 65

complete in less than 10 min at ambient temperature. It was g '\E"te gg ;g ;‘21
essential to use a stoichiometric amount ofz#%0 or Et- 4 ipr 2d 76 74
OBF, for achieving high yields of imidazolines. On the use of 5 PhCh 2e 63 59
10 mol % of the Lewis acids, the reaction was incomplete even 6  2-methylbenzyl 2t 65 65
after 2 days. Some Lewis acids, instead of giving the desired 7  3-methylbenzyl 29 49 0
- . . . 8 2,5-dimethylbenzyl 2h 55 49
imidazolines, gave ring-opened products (entries-13). No 9 3‘methoxybenzyl 2i 60 56
effort was made toward optimization of this reaction sequence. 10  4-fluorobenzyl 2j 51 50
Several nitriles were used for the above formal432] 11 2-trifluoromethylbenzyl 2k 49 47
cycloaddition reaction, and the results are summarized in Table g g'g“;'r:g;]orl‘;?]tgé’i'gir‘ég:]z | g'm ‘S‘g ig
2: ngh yle!ds of imidazolines were thalned with allph.atlc 14 2:4-dichlgrobenzyly Y on 18 47
nitriles (entries 2-4), whereas benzonitrile (entry 1) and various 15  chioromethyl 20 48 49
16 bromomethyl 2p 47 46

(7) (a) Baeg, J. O.; Bensimon, C.; Alper, B.. Am. Chem. Sod.995
117, 4700-4701. (b) Baeg, J. O.; Alper, H. Org. Chem1992 57, 157—
162. (c) Maas, H.; Bensimon, C.; Alper, B. Org. Chem1998 63, 17—
20. (d) Munegumi, T.; Azumaya, |.; Kato, T.; Masu, H.; Saito,&g.

a1 equiv of Lewis acid was used in all cased. M solution of EtOBF,
in CH,Cl, was used.

Lett. 2006 8, 379-382. o substituted phenyl acetonitriles (entriesB}) gave only moder-

319_';%8“’ H.; Fujita, S.; Koide, H.; Hiyama, Tetrahedrorl 973 29, ate yields. Reactive nitriles such as TMSCN, benzoyl cyanide,
(9) Legters, J.; Willems, J. G. H.; Thijs, L.; Zwanenburg,f&cl. Tra. anq hydroxyl cyanides gave a complex mixture of products

Chim. Pays-Bad4992 111, 59-68. _ which could not be characterized. However, chloro- and bromo-

45(12)?5’35&% B.A.B.; Pandey, G.; Singh, V. Fetrahedron Lett2004 substituted acetonitriles gave products in moderate yields (entries
’(ll) (a) The Pharmacological Basis of Therapeutidé®th ed.; Gilman, 15 and 16). . .

A.G., Goodman, L. S., Eds.; Macmillan: New York, 2001. (b) Ueno, M.; The versatility of the reaction was extended to a few more

argggulghs%fggga, T.; Takata, |.; Takeshita, Mt. J. Inmunopharmacol.  N-tosylaziridines using acetonitrile and benzonitrile as di-
(12) (2) Dondoni, A.: Giovannini, P. P.: Perrone,DOrg. Chem2005 polarophiles (Table 3). In all the cases, a moderate yield-(51

70, 5508-5518. (b) Lebouvier, N.; Laroche, C.; Huguenot, F.; Brigaud, T. 60%) of imidazolines was obtained. In the case of an aziridine
Tetrahedron Lett2002 43, 2827-2830. (c) Agami, C.; Comesse, S.;  derived from 1,2-dihydronaphthalene, tricyclic imidazolides

Kadouri-Puchot, CJ. Org. Chem2002 67, 1496-1500. (d) Wagner, B.; ; ; ;
Gonzalez, G. |.: Tran Hun Dau, M. E.: Zhu, Bioorg. Med. Chem1999 and5ewere obtained in modest yields (entry 5). The structure

7, 737-747. (€) Andres, C.; Gonzalez, A.; Pedrosa, R.; Perez-Encabo, A. Was confirmed by taking a single-crystal X-ray structurée_nﬁ
Tetrahedron Lett1992 33, 2895-2898. It was observed that the imidazolide derived from acetonitrile
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TABLE 3. Formal [3 + 2] Cycloaddition of Nitriles with a Few
Selected Aziridine$

JOC Article

TABLE 4. Screening of Lewis Acids for Reaction of an Aziridine
with Benzonitrile under Solvent-Free Conditions

ol % Ph
Entry Aziridine Product Yield (%) Ts Iy
- R=Me R=Ph N Lewisacid,t ~ N? NTs
* o« N /Q * PhCN solvent free
1 \7/R 52 (4a) 59 (5a) Ph 1 Ph 2a
Cl NTs entry Lewis acid (mol %) time yield (%)
NT
S Br N 1 BRyOEb (20) 1h 40
2 N~R 54 (4b) 60 (Sb) 2 EOBF; (20) 1h 32
Br NTs 3 Cu(OTf} (20) 20 min 65
NTs Br 4 Sn(OTf}, (20) 30 min 60
N 5 In(OTf)3 (20) 30 min 58
3 \7/R 52 (4c) 55 (5¢c) 6 Sc(OTf} (20) 30 min 60
Br NTs 7 Yb(OTf); (20) 35 min 50
NTs 8 Zn(OTf), (20) 15 min 68
Me N 9 Zn(OTf) (30) 15 min 67
4 \YR 51(4d) 54 (5d) 10 Zn(OTfy (10) 1h 30
Me NTs
H . -
NTs NG R TABLE 5. Zn(OTf),-Catalyzed Reaction ofN-Tosylaziridines and
5 @ij NTs 54 (4e) 56 (5e) Nitriles under Solvent-Free Conditions
H Ts 20 mol % Zn(OTf),, \
N i, 15 min-1 h Ar R
a1 equiv of Bi-OEL was used, and the reactions were complete in less /Q + RCN mn \7/
than 5 min. Ar solvent free NTs
entry Ar R product yield (%)
SCHEME 2. Reaction ofN-Tosylcycloalkylaziridines with 1 Ph Ph 2a 67
Nitriles 2 Ph Me 2b 63
Et;OBF,, H 3 Ph iPr 2d 51
gg‘_églz, , N N. _R F 4 Ph PhCH 2e 80
@NTS . ron min S R+ Tor .\ 5 Ph 4-FGH4CH, 2j 85
‘ N "y v, 6 Ph CIChH 20 64
tn thoTs nNHTs U TNHTs 7 Ph BrCh 2p 61
.. R=Ph 8a ni 9a nil 102 41% 8 2-bromophenyl  Me 4c 58
6(=1) R=Me 8b nil 9b 52% 10b nil 9 4-chlorophenyl  Ph 5a 79
10 2-bromophenyl Ph 5¢c 56
7(n=2) R=Ph 11a 78% 12a il 13a il 11 4-chlorophenyl PhCH 1l4a 76
R=Me 11b nil 12b 49% 13b 24% 12 2-brom0pheny| PhCH 14b 60

slowly hydrolyzed to the correspondingacetamidgs-sulfon-
amide on standing. However, the imidazol®ederived from
benzonitrile was stable at room temperature.

The results obtained from 2-ari{-tosylaziridines prompted
us to study the reaction on aliphatic cychttosylaziridines.
In the presence of BDBF;,, these aziridines gave imidazolines
(8 or 11) or hydrolyzeda-acetamidgs-sulfonamide 9 or 12)
and/or ring-opened productsqor 13) by fluoride ion (Scheme
2). The imidazoline derived from cyclopenteNeosylaziridine
6 and acetonitrile was unstable, and only hydrolyzed product
9b was isolated. However, in the case of cyclohexdfhe
tosylaziridine7, a mixture of the hydrolyzed produt®b and
ring-opened producit3b was isolated. The latter was due to
ring cleavage of the aziridine by fluoride ion of triethyloxonium

obtained on using 1030 mol % of Lewis acids in solvents,
we resorted to solvent-free conditions. Several Lewis acids such
as BR.OEb, Et;OBF;, Cu(OTf), Sn(OTfY, In(OTf)s, Sc(OTf,
Yb(OTf)s, and Zn(OTf) were screened in a catalytic amount
for the reaction ofN-tosylaziridine and benzonitrile in the
absence of any solvent. To our delight, all the metal triflates
(20—30 mol %) gave satisfactory results (Table 4). The reaction
was complete in less than 30 min. Since Zn(QWps found

to be slightly superior to other triflates, it was further used for
the reaction of 2-aryl-substitutéditosylaziridines with various
nitriles under solvent-free conditions (Table 5). Reasonably good
yield of imidazolines was obtained in almost all of the cases.
The reaction worked with aliphatic and aromatic nitriles equally

tetrafluoroborate. The results were different when the same well.

reaction was carried out using benzonitrile as a dipolarophile.
Whereas cyclopentend-tosylaziridine6 gave only the ring-
opened productlOa the expected Ritter productla was
obtained in the case of cyclohexeNeosylaziridine7. It was
observed that BfEt,0 gave a complex mixture for the same
reaction.

The formal [3+ 2] cycloaddition of aziridines with nitriles
would be very useful if they can be performed using a catalytic

The current reaction may proceed predominantly via either
Syl or 42 mechanism as depicted in Scheme 3. In order to
ascertain it, a chiral aziridindR}-1'* was allowed to react with
benzonitrile in the presence of Lewis acids [Sc(QTQu(OTf),
Sn(OTfp, Zn(OTf),, In(OTf)3)] (Scheme 3). The isolated
imidazoline from each experiment was found to be racemic in
nature (2-5% ee by chiral HPLC columrf. Based on these
results, it is proposed that the reaction involves a stabilized

amount of Lewis acids. Since satisfactory results could not be zwitterionic intermediatel5a derived from the aziridine. The

(13) Crystallographic data has been deposited with the Cambridge
Crystollographic Data Centre as supplementary publication no CCDC-

210538. This data can be obtained free of charge via the internet

www.ccdc.cam.ac.uk/conts/ retrieving .html or by sending an email to
deposit@ccdc.cam.ac.uk.

(14) Alonso, D. A.; Andersson, P. G. Org. Chem1998 63, 9455~
9461.

(15) The optical purity was determined by HPLC on chiralpak AD-H
column [hexane/2-propanol 90.0:10.0]; flow rate 1.0 mL/ntin= 19.17
min (major), 24.82 min (minor).
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SCHEME 3. Proposed Mechanism for the Formal [3+ 2] TABLE 6. Synthesis of Chiral Aziridines from
Cycloaddition of an Aziridine with a Nitrile (1S2R)-Norephedrine
. R
R RSO,Cl, EtsN, SOR  ppp piAD,  0=$=0
LA _C LA Me:[NHz CHyCly, 0 °Ct, 6h HN  OH TH?=, 0°Ct6h
+0 g
{\l\ﬁ%/p-Tol RCN |0 /Jf\/N\\C\O 2 Ph” ~OH Mé  Ph md  n
/Q \b > 6/ p-Tol 19 20 21
Ph 15a product  vyield product  vyield
T entry R (20) (%) (22) (%)
LA
Ts 1 4-methylphenyl 20a 95 2la 99
N 2 4-bromophenyl 20b 85 21b 85
ph/Q 3 4-fluorophenyl 20c 96 21c 77
(R 4 Me 20d 70 21d 99
LA l R 5 Ph 20e 99 2le 89
|
R Ccﬁ LA
N”" LA ¥+ (' TABLE 7. Diastereoselective Synthesis of Chiral Imidazolines
+Q) Tof [RON [PR N\\/si R Ph Ph
(N-SP° g pTel > (5)2 0=8=0 50 mol % BF3.0Et,, Je N
>4\ 0 §  PhCN,CHxClp,t, Th ROS<\ ™y +R023\N Y
15b .,
Me Ph Me Ph Mée Ph
SCHEME 4. Reaction of Terminal N-Tosylalkylaziridine 21a-d 22ad 23a-d
with Nitriles entry R yield (%) dr2/23
Ets0BF,, R 1 4-MeGHa 70 73:27 p24239)
SHaCla. \/('\\l N=( 2 4-BrCeHs 69 53:47 p2b/23b)
thANTs * RCN ————Ph N)\R * pho _A_NTs 3 4-FGH4 75 61:39 £2023¢)
16 Ts 4 Me 94 62:3822d/23d)
17 18 a Diastereomeric ratio was determined with the helptdNMR spectra.
R=Ph 17a:18a = 1.7:1.0 (61%)
R =Me 17b:18b = 1.4:1.0 (68%)
SCHEME 5. Cleavage ofN-Tosyl Bond in Imidazolines
chelation of the Lewis acid to the sulfonyl oxygen gives rise to Ph Na, Naphthalene, THF, rt, 6 hthen  Ph
a discrete stable benzylic carbocation that reacts with the nitrile TN )§N PhCOCI, Et3N, CH,Cl, 0 °C-rt BN SN
in a Ritter fashion to providetf)-2. On the basis of this concept, s 4% z
very (ecently _Y_a(_jav and Sriramurthy have u;gd sﬂylm_ethyl- 2a Ph 24 Ph
substituted aziridine for formal [3- 2] cycloaddition reaction
with nitriles where silicon stabilizes thg&carbocation to form Ph Na, Naphthalene, THF, it, 6 hthen PN
the stable zwitterion intermediatéGhorai et al. and Wu et al. TN Sy PhCOCL EtN, CHaClp, 0°C-t o\ Sy
have proposed an alternativgZSmechanism where attack of )—( 42%
the nitrile at the benzylic carbon and the cleavage 6N\NJbond Me" 54, Ph Me’ o5 Ph

of aziridine (cf. 15b) takes place at the same tirfeln our

opinion, it is either less likely or operates to a small extent in retention of configuration. This could be due to higher stability
this particular case. However, the mechanism would depend of the trans diastereomer. This result supports thé @ich-
upon the substituents on the substrates and effective power ofynism.
Lewis acids. This is the reason why alkyl substituted aziridine |, order to show effectiveness of the method, cleavage of
16 gave a mixture of imidazolinek7 and18 where the former .1 \yas studied with various reagents. There was no reaction
predominates due to a major portion of the reaction possibly |, .., Mg in MeOH even under reflux conditiori4.Use of Na
going via %2 mode where the nitrile attacks the aziridinic 504 amyl alcohol did not give a clean reaction. However, Na
carbon from the less hlndere_d side (Scheme 4). . ) in naphthalene was found to be effective for the cleavage of
_In order to focus more light on the mechanism, chiral \ tg hongte The free detosylated imidazoline formed, in situ,
disubstituted\-tosylaziridine21 were synthesized from §I2R)- was derivatized as a benzoate (Scheme 5). This was nicely
norephedrinel9 (Table 6). Reaction of these aziridines was ¢,0un by convertinga into 24 and 23a into 25 in modest
studied with benzonitrile in the presence of #8BEt in yields.

dichloromethane at room temperature (Table 7). A stoichio- Formal [3 + 2] Cycloaddition of N-Tosylaziridine with

I i 0,
metric amount of BEOEg gave the same yield as 50 mo! %, Carbonyls. Motivated by the above results, the cycloaddition
so the latter amount was used for all of the reactions. A mixture A . ;
. S - . of N-tosylaziridine was extended to carbonyls as dipolarophiles
of diastereomeric imidazoline®2 and23 was obtained and the . - )
; A . - for the synthesis of oxazolidiné8 At the outset, the reaction
ratio varied depending upon substituentshsulfonyl group. S . .
. . . of 2-phenyIN-tosylaziridinel with cyclohexanone was studied.
In most of the cases, the former predominated in the reaction . . . L .
. L . . Initial attempts with Zn(OTf) as a Lewis acid in CkCl, failed
mixture where the nitrile attacked the benzylic carbon with . . : .
since the expected product was formed only in poor yield. This

(16) Yadav, V. K.; Sriramurthy, VJ. Am. Chem. So2005 127, 16366~

16367. (18) Bergmeier, S. C.; Seth, P. Petrahedron Lett1999 40, 6181
(17) (a) Ghorai, M. K.; Ghosh, K.; Das, Retrahedron Lett2006 47, 6184.

5399-5403. (b) Wu, J.; Sun, X.; Xia, H.-Gletrahedron Lett2006 47, (19) The work was presented in a DST Group Monitoring Workshop on

1509-1512. July 25, 2005 at RRL Trivandrum.
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TABLE 8. Solvent Study for Formal [3 + 2] Cycloaddition of an TABLE 10. Scope of Substrate for Zn(OTf}-Catalyzed Formal
Aziridine with Cyclohexanone [3 + 2] Cycloaddition of Aziridines with Carbonyls
Ts 20 mol % Zn(OTf);,  Ri >§R2
20 mol % Zn(OTf),, R N j\ CH,Clp, 4 AMS, rt o~ NTs
. solvent 4AMS, 1t o NTs A /Q + RC R, '
Ph” )4 r 26a-j
PH 26a entry Ar R R,  product time yield (%)
entry solvent time yield(%) 1 Ph —(CHy)s— 26a 30 min 96
1 CHCh 25 min 89 2 Ph Me Me  26b 2h 80
2 tol ; 3 Ph Pr H 26¢ 4h 59
uene 45 min 87
3 DCE 45 min 93 4 Ph Ph H 26d 3.5h 52
4 hexane >h o5 5 Ph Ph Ph 26e 5h 58
. 6 Ph Et Et 26f 15h 62
5 ethyl acetate 45 min 70 7 Ph Me H 269 4h 76
6 THE 48h 17 8 4CPh Me Me 26h  4h 40
7 MTBE 45min 93 9  4CIPh  —(CHp)s— 26i 3h 75
8 diethyl ether 45 min 76 10 2-BrPh —(CHy)s— 26j 4h 32
9 CHxCl, 30 min 96

a|solated yield after column chromatography.

a|solated yield after column chromatograpfyMTBE = methyl tert-
butyl ether.

SCHEME 6. Proposed Mechanism for [3+ 2]

TABLE 9. Screening of Lewis Acids for Formal [3+ 2] Cycloaddition of Aziridine with Carbonyls

Cycloaddition of Aziridine with Cyclohexanone C,Rij
LA Cﬁ” ‘w ’ll_A
(0] LA [o}) | N (O
Iy Iie/‘xN;\jsa cid, CHzCle R —— | GERPTOl o lph ™880 L )28
N AAMS L oTONTs o 0 o
Ph 1 26
a
Ph TABLE 11. Highly Diastereoselective Synthesis of Chiral
entry MXy (mol %) yield? (%) time Oxazolidines
1 Zn(OTf) (20 mol %) 96 30 min 20 mol % Zn(OTf),,
Cyclohexanone,
2 Zn(OTf) (10 mol %) 90 1.5h oHCh A AMS, Q Q
3 Sn(OTf} (20 mol %) 27 3h Meg O 2 30 min ROZS\ ROZS\
4 Yb(OTf)s (20 mol %) 58 1h }N—§—R
5 Cu(MeCN)PF; (20 mol %) 52 4h PR o Mé Ph Me “Ph
6 YbCls (20 mol %) 19 16 h 2 27 28
7 InCls (20 mol %) 30 4h entry R yield (%) diastereomeric rati@7/28)
8 CuCb (20 mol % 09 4h
b ( 0 1 4-MeGsH, 97 94:6 Q72283
9 BFs-OE (20 mol %) 35 12h :
i o 2 4-BrCsHa 99 98:2 P71/28b)
10 BR:-OEt (100 mol %) 82 15h :
3 4-FGH4 98 95:5 @7d28¢
11 E&OBF4 (20 mol %) 29 12h .
12 E&OBF; (100 mol %) 86 15h g '\P"ﬁ %‘; 9;3;_672277%22882

a|solated yield after column chromatography

6) reacted faster than aliphatic and aromatic aldehydes (entries
could be due to unstability of the product to the residual moisture 3, 4, and 7). The reaction with benzophenone was slightly slow
as the hydrolysis product was formed along with the cycload- (entry 5).
dition product. In search of a stabilized condition for this In order to explore the mechanism, the reaction was studied
reaction, we decided to add molecular sieves to the reactionwith chiral aziridines. A chiral aziridineR)-1, as in the above
mixture. To our delight, the additionf@ A molecular sieves case, was allowed to react with cyclohexanone in the presence
(crushed) resulted in an excellent yield of the desired oxazolidine of various Lewis acids (Scheme 6). This resulted in the
26a (Table 8). Among several solvents evaluated for the formation of a racemic oxazoliding6e?® which indicated that
reaction, CHCI, gave the best results (entry 9). Although most the reaction proceeds via a benzyl carbocation intermediate in
of the nonpolar solvents were suitable for the reaction, polar this case (Scheme 6). In the case of disubstituted chiral aziridines
solvent such as THF gave very poor yields (entry 6). Having 21, the product spirooxazolidine€z’ and28 were formed with
settled for CHCI, as a suitable solvent, the reaction was €xcellent diastereoselectivities (Table 11). The structure of the
evaluated in the presence of other Lewis acids (Table 9). It was Major diastereome27 was determined b$H NMR and further
observed that 20 mol % of Zn(OBfvas optimum for the best ~ confirmed with the help of NOE spectra. On irradiating the
results (entry 1). Other metal triflates and metal halides gave Proton at benzylic carbon, an enhancement in the peak intensity
poor yields in this reaction (entries-B). Classical Lewis acids ~ ©f @djacent proton was observed and vice-versa. This confirmed
such as BFELO and E{OBF, were effective only when used the CIS_ stereocher_mstry at these two carbon atoms. The
in stoichiometric amounts (entries-22). predominant formation d27 can be explained by the attack of

" . h I h li f I
The formal [3 + 2] cycloaddition of 2-aryl-substituted the carbonyl oxygen at the benzylic carbon atom from a less

N-tosylaziridines was then studied with various carbonyl
y y (20) The optical purity was determined by HPLC on chiralpak OD-H

compogno!s as _dipolgrophiles (Table 10). With _2-DhEN'y|- column [hexane/2-propanol 97.5:2.5]; flow rate 1.0 mL/ntip= 10.73
tosylaziridine, aliphatic symmetrical ketones (entries 1, 2 and min (minor), 12.88 min (major).
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SCHEME 7.
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/
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Gandhi et al.

crude product. Purification by column chromatography (30% EtOAc
in petroleum ether) gave the substituted imidazoline.

General Procedure for [3 + 2] Cycloaddition Reaction of
Aziridines with Nitriles Using Metal Triflates. A metal triflate
(0.2 mmol; 20 mol %) was added to a stirred mixture of an
N-tosylaziridine (1 mmol) and nitrile (5.0 mmol) at rt. After
completion of the reaction, as monitored by TLC, the reaction
mixture was purified by column chromatography (30% EtOAc in
petroleum ether) to provide the substituted imidazoline.

2-Benzyl-4-(4-chlorophenyl)-1-(toluene-4-sulfonyl)-4,5-dihy-
dro-1H-imidazole (14a):yield 76%; dense liquidR: 0.39 (30%
EtOAc in petroleum etherfH NMR (CDCl;, 400 MHz) 6 7.29
(m, 11H), 6.91 (m, 2H), 5.01 (dd,= 10.2, 7.6 Hz, 1H), 4.16 (s,
2H), 4.12 (t,J = 10.3 Hz, 1H), 3.54 (m, 1H), 2.40 (s, 3H)C
NMR (CDCl;, 100 MHz)6 158.8, 144.6, 140.2, 135.2, 134.6, 133.3,
129.8, 129.3, 128.7, 128.5, 127.7, 127.1, 127.0, 66.0, 55.4, 35.6,
21.5. Anal. Calcd for @H,:CIN,O,S: C, 65.01; H, 4.98; N, 6.59.
Found: C, 64.89; H, 4.86; N, 6.65.

2-Benzyl-4-(2-bromophenyl)-1-(toluene-4-sulfonyl)-4,5-dihy-
dro-1H-imidazole (14b):yield 60%; colorless past& 0.41 (30%
EtOAc in petroleum etherfH NMR (CDCls, 400 MHz) 6 7.50
(m, 2H), 7.34 (m, 7H), 7.16 (d) = 7.6 Hz, 2H), 7.10 (m, 1H),
6.99 (m, 1H), 5.33 (m, 1H), 4.27 (§ = 10.2 Hz, 1H), 4.21 (s,
2H), 3.48 (dd,J = 10.0, 7.6 Hz, 1H), 2.39 (s, 3H)}3C NMR
(CDCl;, 100 MHz) 6 159.7, 144.5, 141.4, 135.3, 134.9, 1325,
129.8,129.3,128.9, 128.6, 127.7, 127.6, 127.1, 126.9, 122.3, 66.0,
54.8, 35.8, 21.5; MS (FAB) 470 (M+ 1). Anal. Calcd for GgHz;-
BrN,O,S: C, 58.85; H, 4.51; N, 5.97. Found: C, 59.03; H, 4.62;
N, 5.90.

5-Benzyl-2-phenyl-1-(toluene-4-sulfonyl)-4,5-dihydro-H-imi-
dazole (17a):yield 35%; colorless gel. Analytical data were in

hindered side, i.e., away from the methyl group. Due to high accordance with those reported in the literafiife.
diastereoselectivities achieved in this type of cases, the reaction  4-Benzyl-2-phenyl-1-(toluene-4-sulfonyl)-4,5-dihydro- -imi-

can be widely exploited for the synthesis of stereodefined dazole (18a):yield 21%; colorless gel. Analytical data were in

oxazolidines.
As in the case of imidazolines (Scheme 5), M&s bond in

accordance with those reported in the literaiife.
5-Benzyl-2-methyl-1-(toluene-4-sulfonyl)-4,5-dihydro-#-imi-

oxazolidines could also be cleaved using Na in naphthalene todazole (17b):colorless gel; isolated as an inseparable mixture with

provide detosylated oxazolidines, which in turn could be

derivatized using benzylchloroformate, ethyl chloroformate, and literatur

18b. Analytical data were in accordance with those reported in the
e:].7a

benzoyl chloride (Schemes 7 and 8). Although reasonably good 4-Benzyl-2-methyl-1-(toluene-4-sulfonyl)-4,5-dihydro-#-imi-

yields were obtained in benzoylation reaction, the yields were

poor for chloroformate reactions.

Conclusion

In conclusion, we have described a good method for the

synthesis of imidazolines through a formaH32] cycloaddition

of N-tosylaziridines with nitriles. The reaction proceeds in a
Ritter fashion. On the basis of the results from chiral aziridines
it was concluded that the reaction can proceed via eithér S
(2-arylN-sulfonylaziridines) or §2 (alkyl-N-tosylazidines)

fashion. The reaction of aziridines was also extended to

dazole (18b):colorless gel; isolated as an inseparable mixture with
17b. Analytical data were in accordance with those reported in the
literature!a

General Procedure for Sulfonylation of Norephedrine.Sul-

fonyl chloride (1.05 mmol) was added slowly to a solution of

norephedrine (1 mmol) and triethylamine (4 mmol) in & (10

mL) at 0°C. The ice bath was then removed, and the reaction was
allowed to warm to rt and further stirred for 6 h. The reaction
mixture was then washed with water and brine and dried over

» anhydrous Ng50, The organic layer was then concentrated to give
the crude product. Purification by column chromatography provided
the sulfonylated norephedrine.

(1R,29)-N-(2-Hydroxy-1-methyl-2-phenylethyl)-4-methylben-

carbonyls for the synthesis of oxazolidines. The cleavage of zenesulfonamide(204): yield 95%; mp 79-81 °C; R; 0.32 (30%
N-Ts bond of the imidazolines and oxazolidines has been studiedEtOAc in petroleum ether);of|*> = +13.40 € 1.0, CHC}); FT

in order to make them more versatile in synthesis.

Experimental Section

General Procedure for the Reaction oN-Tosylaziridines with
Nitriles Using Lewis Acids in CH,Cl,. A solution of anN-

IR (KBr) 3500, 3278, 1494, 1326, 1159, 1088 ©m'H NMR
(CDCl, 400 MHz)6 7.77 (d,J = 8.3 Hz, 2H), 7.29 (m, 7H), 5.05
(br, 1H, NH), 4.79 (br, 1H), 3.57 (m, 1H), 2.62 (br, 1H, OH), 2.42
(s, 3H), 0.83 (d,J = 6.8 Hz, 3H);13C NMR (CDCk, 100 MHz)d
143.5, 140.2, 137.7, 129.8, 128.3, 127.6, 126.9, 126.0, 75.7, 54.9,
21.5, 14.6. Anal. Calcd for fgH1gNOsS: C, 62.93; H, 6.27; N,

tosylaziridine (0.5 mmol) and a nitrile (0.5 mmol) in anhydrous 4.59. Found: C, 62.78; H, 6.36; N, 4.49.

dichloromethane (2 mL) was treated with a Lewis acid (0.5 mmol).

(1R,2S)-4-Bromo-N-(2-Hydroxy-1-methyl-2-phenylethyl)ben-

After completion of the reaction, as monitored by TLC, saturated zenesulfonamidg20b): yield 85%; mp 149-150°C; R 0.37 (20%

aqueous NaHC®solution (2 mL) was added. The organic layer

EtOAcC in petroleum ether)of]?>, = +8.80 € 0.25, CHC}); FT

was separated, and the aqueous layer was extracted with dichlodR (KBr) 3499, 3286, 1492, 1326, 1160, 1087, 1009 &H NMR
romethane. The organic layers were mixed, washed with water and(CDCl;, 400 MHz) 6 7.73 (m, 2H), 7.64 (m, 2H), 7.29 (m, 5H),

brine, dried over anhydrous h&0O,, and concentrated to give the

2138 J. Org. Chem.Vol. 72, No. 6, 2007
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Reaction of Aziridines with Nitriles and Carbonyls

Hz, 1H, OH), 0.90 (dJ = 6.8 Hz, 3H). Anal. Calcd for GH1¢
BrNOsS: C, 48.66; H, 4.36; N, 3.78. Found: C, 48.89; H, 4.29;
N, 3.69.
(1R,2S)-4-Fluoro-N-(2-hydroxy-1-methyl-2-phenylethyl)ben-
zenesulfonamide(200): yield 96%; viscous liquidR 0.66 (40%
EtOAc in petroleum ether);of]*> = +25.80 € 1.0, CHCh); FT
IR (neat) 3509, 3280, 1493, 1328, 1236, 1153, 1091'ct NMR
(CDCl;, 400 MHz)¢6 7.81 (dd,J = 8.8, 5.1 Hz, 2H), 7.21 (m, 5H),
7.09 (m, 2H), 5.07 (dJ = 8.8 Hz, 1H, NH), 4.73 (br, 1H), 3.49
(m, 1H), 2.73 (br, 1H, OH), 0.78 (dl = 6.8 Hz, 3H);3C NMR
(CDCl;, 100 MHz) 6 166.2, 163.7, 140.1, 136.8, 129.7, 128.4,
127.8,126.0, 116.4, 116.2, 75.9, 55.0, 14.7. Anal. Calcd fefife-
FNO;S: C, 58.24; H, 5.21; N, 4.53. Found: C, 58.43; H, 5.29; N,
4.45,
(1R,29)-N-(2-Hydroxy-1-methyl-2-phenylethyl)methanesulfon-
amide (20d): yield 70%; mp 102-106 °C; R 0.36 (40% EtOAc
in petroleum ether);d]?% = +34.33 £ 0.6, CHC}); FT IR (KBr)
3498, 3334, 1492, 1317, 1146, 1075¢mH NMR (CDCls, 400
MHz) 6 7.34(m, 5H), 4.87 (br, 1H, NH), 4.57 (br, 1H), 3.51 (m,
1H), 2.79 (br, 1H, OH), 0.76 (d} = 6.8 Hz, 3H);13C NMR (CDCk,

100 MHz)¢6 140.2, 128.4, 127.9, 126.3, 76.3, 55.1, 41.6, 16.2. Anal.

Calcd for GoHisNOsS: C, 52.38; H, 6.59; N, 6.11. Found: C,
52.58; H, 6.50; N, 6.03.
(1R,29)-N-(2-Hydroxy-1-methyl-2-phenylethyl)benzenesulfon-
amide (209: yield 99%; viscous liquidRs 0.52 (40% EtOAc in
petroleum ether);d]?>, = +15.57 € 0.7, CHC}); FT IR (neat)
3505, 3277, 1492, 1325, 1161, 1089 ¢mtH NMR (CDCls, 400
MHz) 6 7.82 (d,J = 8.1 Hz, 2H), 7.46 (m, 3H), 7.21 (m, 5H),
5.08 (br, 1H, NH), 4.72 (br, 1H), 3.51 (m, 1H), 2.79 (br, 1H, OH),
0.76 (d,J = 6.8 Hz, 3H);3C NMR (CDCk, 100 MHz) 6 140.7,

140.2, 132.6, 129.1, 128.3, 127.6, 126.9, 125.9, 75.7, 55.0, 14.4.

Anal. Calcd for GsH1/NOsS: C, 61.83; H, 5.88; N, 4.81. Found:
C, 62.04; H, 5.82; N, 4.73.

General Procedure for the Synthesis of Chiral Aziridines
from N-Sulfonyl-Substituted Norephedrine.Triphenylphosphine
(1.5 mmol) was added to a solution of &hksulfonyl-substituted
norephedrine (1 mmol) in THF (5 mL) at rt. The reaction mixture
was then cooled to OC and treated slowly with diisopropyl

JOC Article

126.1, 116.1, 115.9, 49.3 (2C), 14.0. Anal. Calcd fopHG+
FNO,S: C, 61.84; H, 4.84; N, 4.81. Found: C, 62.04; H, 4.96; N,
4.88.

(2R,3R)-1-Methanesulfonyl-2-methyl-3-phenylaziridine(21d):
yield 99%; dense yellow liquid®; 0.84 (40% EtOAc in petroleum
ether); p]?% = —168.00 ¢ 1.5, CHC}); FT IR (neat) 1313, 1149
cm™%; 'H NMR (CDCl;, 400 MHz) ¢ 7.32 (m, 5H), 3.71 (dJ =
2.9 Hz, 1H), 3.08 (s, 3H), 2.91 (m, 1H), 1.79 @= 4.12 Hz,
3H); 13C NMR (CDCk, 100 MHz) § 135.5, 128.7, 128.3, 126.2,
49.1, 48.9, 42.6, 14.1. Anal. Calcd ford¢E13NO,S: C, 56.85; H,
6.20; N, 6.63. Found: C, 56.98; H, 6.12; N, 6.71.

(2R,3R)-1-Benzenesulfonyl-2-methyl-3-phenylaziridiné216):
yield 89%; dense yellow liquidR; 0.54 (20% EtOAc in petroleum
ether); p]?% = —78.00 € 1.0, CHC}); FT IR (neat) 1318, 1161
cm L IH NMR (CDCls, 400 MHz) 6 7.94 (d,J = 8.0 Hz, 2H),
7.55 (m, 1H), 7.47 (m, 2H), 7.26 (m, 3H), 7.14 (m, 2H), 3.82 (d,
J = 4.4 Hz, 1H), 2.94 (m, 1H), 1.85 (d] = 6.1 Hz, 3H);C
NMR (CDCl;, 100 MHz)6 140.7, 135.3, 133.0, 128.9, 128.5, 128.1,
127.1, 126.2, 49.3 (2C), 14.2. Anal. Calcd fors8:sNO,S: C,
65.91; H, 5.53; N, 5.12. Found: C, 66.12; H, 5.49; N, 5.01.

General Procedure for Synthesis of Chiral Imidazolines Using
BF3-OEt,. The procedure was same as used for the synthesis of
achiral imidazolines (Table 1) except that 0.5 mmol of; BFEL,
was used instead of 1 mmol.

(4R,5R)-5-Methyl-2,4-diphenyl-1-(toluene-4-sulfonyl)-4,5-di-
hydro-1H-imidazole (228). Nonpolar diastereomer: yield 51%;
mp 60-63 °C; R 0.40 (20% EtOAc in petroleum ether}i% =
—69.14 € 1.0, CHC}); FT IR (KBr) 1627, 1356, 1164 cni; 'H
NMR (CDCls, 400 MHz)¢6 7.85 (d,J = 7.8 Hz, 2H), 7.60 (dJ =
8.0 Hz, 2H), 7.53 (m, 1H), 7.45 (m, 2H), 7.24 (m, 7H), 4.731d,
= 8.5 Hz, 1H), 4.61 (m, 1H), 2.43 (s, 3H), 0.92 @= 6.8 Hz,
3H). Anal. Calcd for GsH2:N,0,S: C, 70.74; H, 5.68; N, 7.17.
Found: C, 70.95; H, 5.60; N, 7.09.

(4S,5R)-5-Methyl-2,4-diphenyl-1-(toluene-4-sulfonyl)-4,5-di-
hydro-1H-imidazole (2348). Polar diastereomer: yield 19%; mp
112-114°C; R 0.31 (20% EtOAc in petroleum etheryf% =
+9.50 € 1.0, CHC}); FT IR (KBr) 1627, 1362, 1169 cnt; *H
NMR (CDCls, 400 MHz) 6 7.82 (d,J = 7.1 Hz, 2H), 7.54 (m,

azodicarboxylate. The ice bath was removed, and the yellow 1H), 7.45 (m, 2H), 7.28 (m, 3H), 7.16 (m, 1H), 7.06 (m, 3H), 6.63
solution was stirred for 6 h. THF was evaporated, and the crude (m, 2H), 4.71 (d,J = 4.2 Hz, 1H), 4.10 (m, 1H), 2.37 (s, 3H), 1.67
product was purified by column chromatography to yield the chiral (d, J = 6.4 Hz, 3H);}3C NMR (CDCk, 100 MHz)6 159.2, 144.4,

aziridine.
(2R,3R)-2-Methyl-3-phenyl-1-(toluene-4-sulfonyl)aziridine(21a):
yield 99%; yellow liquid;R: 0.54 (20% EtOAc in petroleum ether);
[0]?p = —64.64 € 1.3, CHCh); FT IR (neat) 1321, 1159 cnd;
1H NMR (CDCl;, 400 MHz)¢ 7.82 (d,J = 8.3 Hz, 2H), 7.25 (m,
5H), 7.15 (m, 2H), 3.79 (d] = 4.4 Hz, 1H), 2.91 (m, 1H), 2.39 (s,
3H), 1.84 (d,J = 6.1 Hz, 3H);3C NMR (CDCk, 100 MHz) ¢

141.8,134.2,131.1, 130.5, 129.9, 129.6, 128.3, 127.6, 127.5, 126.9,

125.5,75.4,65.7, 23.5, 21.5; MS (Ep391 (M" + 1). Anal. Calcd

for Cy3H2oN,O,S: C, 70.74; H, 5.68; N, 7.17. Found: C, 70.92;

H, 5.61; N, 7.07.
(4R,5R)-1-(4-Bromobenzenesulfonyl)-5-methyl-2,4-diphenyl-

4,5-dihydro-1H-imidazole (22b). Nonpolar diastereomer: yield

37%; gummy solidR; 0.68 (20% EtOAc in petroleum etherii]P%

143.9, 137.9, 135.5, 129.5, 128.5, 128.0, 127.2, 126.3, 49.2, 49.1,= +6.67 ( 0.6, CHCh): FT IR (KBr) 1647, 1326, 1162, 1031

21.5, 14.1. Anal. Calcd for £gH17/NO,S: C, 66.87; H, 5.96; N,
4.87. Found: C, 67.08; H, 5.85; N, 4.78.
(2R,3R)-1-(4-Bromobenzenesulfonyl)-2-methyl-3-phenylaziri-
dine (21b): yield 85%; yellow liquid; R 0.55 (15% EtOAc in
petroleum ether);d]?, = —42.13 € 1.6, CHC}); FT IR (neat)
1322, 1160, 1009 cnt; *H NMR (CDCls, 400 MHz)6 7.79 (d,J
= 8.3 Hz, 2H), 7.59 (dJ = 8.6 Hz, 2H), 7.26 (m, 3H), 7.13 (m,
2H), 3.81 (d,J = 4.4 Hz, 1H), 2.96 (m, 1H), 1.84 (d,= 6.1 Hz,
3H); 13C NMR (CDCk, 100 MHz)¢ 139.8, 135.1, 132.2 (2C), 128.6
(2C), 128.3, 126.2, 49.5 (2C), 14.3. Anal. Calcd foystGis-
BrNO,S: C, 51.15; H, 4.01; N, 3.98. Found: C, 51.36; H, 4.11;
N, 3.85.
(2R,3R)-1-(4-Fluorobenzenesulfonyl)-2-methyl-3-phenylaziri-
dine (210): yield 77%; viscous liquid;R 0.59 (20% EtOAc in
petroleum ether);d]?>> = —69.80 € 1.0, CHC}); FT IR (neat)
1324, 1156, 1235 cmi; *H NMR (CDCls, 400 MHz)6 7.96 (dd,
J=6.6, 2.9 Hz, 2H), 7.27 (m, 3H), 7.13 (m, 4H), 3.80 §d= 4.4
Hz, 1H), 2.95 (m, 1H), 1.85 (d] = 5.8 Hz, 3H);'3C NMR (CDC,

cm%; *H NMR (CDCl;, 400 MHz) ¢ 7.81 (d,J = 6.8 Hz, 2H),

7.66 (d,J = 8.0 Hz, 2H), 7.56 (m, 3H), 7.46 (d,= 7.3 Hz, 2H),

7.24 (m, 5H), 4.83 (d) = 8.3 Hz, 1H), 4.63 (m, 1H), 0.94 (d,=

6.6 Hz, 3H);*3C NMR (CDCk, 100 MHz)¢ 159.2, 137.9, 136.6,

132.8,132.7,131.6, 130.4, 129.9, 129.7, 128.7, 128.6, 128.3, 127.9,

127.5, 127.4, 72.1, 62.0, 17.7. Anal. Calcd fopld;BrN,O,S:

C, 58.03; H, 4.21; N, 6.15. Found: C, 58.21; H, 4.12; N, 6.07.
(4S,5R)-1-(4-Bromobenzenesulfonyl)-5-methyl-2,4-diphenyl-

4,5-dihydro-1H-imidazole (23b). Polar diastereomer: yield 32%;

mp 150-153°C; R 0.60 (20% EtOAc in petroleum etherjy]?%

= —7.00 € 0.5, CHC}); FT IR (KBr) 1629, 1359, 1173, 1021

cm % 'H NMR (CDCl;, 400 MHz) 6 7.83 (d,J = 7.3 Hz, 2H),

7.56 (m, 1H), 7.47 (m, 2H), 7.34 (d, = 8.5 Hz, 2H), 7.18 (m,

5H), 6.66 (d,J = 7.3 Hz, 2H), 4.76 (dJ = 3.7 Hz, 1H), 4.09 (m,

1H), 1.67 (d,J = 6.6 Hz, 3H);3C NMR (CDCk, 100 MHz) 6

178.8,175.2,144.7,137.6, 137.2, 134.6, 133.8, 133.1, 132.3, 129.5,

127.6, 126.5, 126.2, 125.9, 121.1, 78.6, 21.2, 18.1. Anal. Calcd

for CoH19BrN2O,S: C, 58.03; H, 4.21; N, 6.15. Found: C, 58.21;

100 MHz)6 166.3, 163.8, 136.7, 135.0, 129.9, 129.8, 128.4, 128.1, H, 4.18; N, 6.07.
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(5R)-1-(4-Fluorobenzenesulfonyl)-5-methyl-2,4-diphenyl-4,5-
dihydro-1H-imidazole: diastereomeric ratid?Rd23c) 61:39; total
yield 75%; mp 149-152 °C; R (nonpolar, major) 0.35, (polar,
minor), 0.33 (20% EtOAc in petroleum ethe#}§ NMR (CDCls,
400 MHz) (for major diastereomer) 7.81 (d,J = 7.6 Hz, 3H),
7.46 (m, 3H), 7.29 (m, 2H), 7.17 (m, 4 H), 6.89 (m, 1H), 6.70 (d,
J=7.3 Hz, 1H), 4.76 (m, 1H), 4.11 (m, 1H), 0.93 @= 6.8 Hz,
3H); (for minor diastereomer) 7.71 (d,J = 7.6 Hz, 3 H), 7.53
(m, 3H), 7.29 (m, 4H), 7.17 (m, 4H), 4.85 (m, 1H), 4.64 (m, 1H),
1.68 (d,J = 6.6 Hz, 3H). Anal. Calcd for &H1oFN,O,S: C, 66.99;

H, 4.85; N, 7.10. Found: C, 67.24; H, 4.80; N, 7.02.

(5R)-1-Methanesulfonyl-5-methyl-2,4-diphenyl-4,5-dihydro-
1H-imidazole: diastereomeric ratio2Rd/23d) 62:38; total yield
94%,; sticky solid;R: (nonpolar, major) 0.11, (polar, minor), 0.09
(20% EtOAc in petroleum ethedH NMR (CDCl;, 400 MHz) (for
major diastereomer) 7.82 (m, 2H), 7.38 (m, 8H), 4.90 (d,=
4.2 Hz, 1H), 4.28 (m, 1H), 2.60 (s, 3H), 1.64 (b= 6.3 Hz, 3H);
(for minor diastereomer) 7.82 (m, 2H), 7.38 (m, 8H), 5.53 (d,
= 8.6 Hz, 1H), 4.80 (m, 1H), 2.98 (s, 3H), 0.93 @= 6.6 Hz,
3H). Anal. Calcd for GH1gN20,S: C, 64.94; H, 5.77; N, 8.91.
Found: C, 65.14; H, 5.82; N, 8.83.

General Procedure for the Cleavage ofN-Tosyl Bond in
Imidazolines. A solution of naphthalene anion radical was prepared
as follows: Naphthalene (4.5 mmol) was dissolved in THF (10

Gandhi et al.

NMR (CDClz, 400 MHz) 6 7.74 (d,J = 8.0 Hz, 2H), 7.28 (m,
7H), 5.06 (dd,J = 9.5, 5.6 Hz, 1H), 3.89 (dd] = 8.5, 5.6 Hz,
1H), 3.12 (t,J = 9.2 Hz, 1H), 2.41 (s, 3H), 2.27 (m, 2H), 1.92 (m,
1H), 1.62 (m, 6H), 1.27 (m, 1H}:C NMR (CDCk, 100 MHz) 6
143.2, 137.7, 129.5, 128.5, 128.3, 127.2, 126.1, 98.9, 75.8, 53.9,
36.1, 35.4, 24.5, 23.6, 23.4, 21.4; MS (FAB) 3721(Mt 1). Anal.
Calcd for G{H2sNOsS: C, 67.89; H, 6.78; N, 3.77. Found: C,
68.12; H, 6.85; N, 3.68.
2,2-Dimethyl-5-phenyl-3-(toluene-4-sulfonyl)oxazolidin€26b):
yield 80%; mp 86-82°C; R 0.57 (20% EtOAc in petroleum ether);
FT IR (KBr) 1331, 1243, 1153, 1098 crh 'H NMR (CDCl;, 400
MHz) ¢ 7.65 (d,J = 8.3 Hz, 2H), 7.29 (m, 7H), 5.10 (dd,= 9.5,
5.6 Hz, 1H), 3.87 (ddJ = 8.8, 5.8 Hz, 1H), 3.14 (1) = 8.8 Hz,
1H), 2.42 (s, 3H), 1.74 (s, 3H), 1.68 (s, 3H}C NMR (CDCk,
100 MHz)6 143.4, 137.2, 137.1, 129.6, 128.5, 128.4 127.3, 126.2
, 97.3, 76.3, 53.9, 27.5, 27.0, 21.5. Anal. Calcd fqgHziNO3S:
C, 65.23; H, 6.39; N, 4.23. Found: C, 65.42; H, 6.35; N, 4.18.
2-Isopropyl-5-phenyl-3-(toluene-4-sulfonyl)oxazoliding26¢):
yield 59%; sticky solid;R; 0.60 (20% EtOAc in petroleum ether);
[a]?%, = +1.33 € 0.8, CHC}); FT IR (neat) 1352, 1232, 1162,
1093 cml; *H NMR (CDCl;, 400 MHz) (NMR for major
diastereomer) 7.82 (d,J = 8.3 Hz, 2H), 7.39 (dJ = 8.3 Hz,
2H), 7.30 (m, 3H), 7.16 (m, 2H), 5.11 (d,= 4.4 Hz, 1H), 4.05
(dd,J = 10.1, 5.5 Hz, 1H), 3.95 (dd] = 12.2, 5.4 Hz, 1H), 3.10

mL) in a round-bottom flask under argon atmosphere. Sodium (4.5 (dd, J = 12.2, 10.2 Hz, 1H), 2.47 (s, 3H), 2.12 (m, 1H), 1.08 (d,
mmol) cut into small pieces was then added. The mixture was stirred J = 5.6 Hz, 6H);13C NMR (CDCk, 100 MHz) 6 144.3, 137.1,
at room temperature for 1 h. To the deep-green solution of the 135.2, 130.0, 128.6, 128.4, 127.8, 125.9, 95.7, 78.3, 54.1, 33.9,

radical anion was then added a solution of imidazoline (1 mmol)
dissolved in THF (4 mL). The reaction mixture was stirred for 1 h.

21.6, 18.2, 15.9. Anal. Calcd for;6H,3NO3S: C, 66.06; H, 6.71;
N, 4.05. Found: C, 66.24; H, 6.82; N, 4.15.

Water was then added until a colorless solution was obtained. The 2,5-Diphenyl-3-(toluene-4-sulfonyl)oxazolidine(26d): yield

mixture was stirred until the residual small pieces of sodium had

52%; dense liquidR; 0.50 (20% EtOAc in petroleum etherz %

dissolved. THF was then evaporated and the reaction mixture was= +0.87 ¢ 1.5, CHC}); FT IR (neat) 1352, 1210, 1161, 1093

basified (pH= 9.0) with 4 N NaOH. Ethyl acetate was then added

and organic layer washed with water, brine and dried over
anhydrous Ng50,. The organic layer was concentrated and the
crude product directly used for the next step.

A solution of the crude detosylated product (1 mmol) and
triethylamine (3 mmol) in CKCI, (5 mL) was treated with benzoyl
chloride (1.2 mmol) at 0C for 6 h. The solution was washed with
water, brine and dried over anhydrous,8@y. The organic layer

cm~%; IH NMR (CDCls, 400 MHz) (NMR for major diastereomer)

6 7.73 (d,J = 8.3 Hz, 2H), 7.57 (m, 2H), 7.27 (m, 10H), 6.29 (s,
1H), 4.47 (ddJ = 10.2, 5.6 Hz, 1H), 4.12 (ddd,= 11.7, 5.6, 0.7

Hz, 1H), 3.28 (tJ = 11.0 Hz, 1H), 2.44 (s, 3H}3C NMR (CDCk,

100 MHz) 6 144.3, 138.6, 136.6, 135.3, 129.9, 128.9, 128.5 (2C),
128.3, 127.6, 126.9, 126.2, 91.6, 79.6, 53.6, 21.5. Anal. Calcd for
CxH2iINOsS: C, 69.63; H, 5.58; N, 3.69. Found: C, 69.92; H, 5.48;
N, 3.62.

was concentrated, and the crude material was purified over silica  2,2,5-Triphenyl-3-(toluene-4-sulfonyl)oxazoliding266): yield

gel by column chromatography.
(2,4-Diphenyl-4,5-dihydroimidazol-1-yl)phenylmethanon&24):
yield 54%; sticky solid;R 0.17 (30% EtOAc in petroleum ether);
FT IR (neat) 1634, 1528 cm; 'H NMR (CDCls, 400 MHz) &
7.57 (dd,d = 15.2, 7.3 Hz, 3H), 7.38 (m, 6H), 7.27 (m, 6H), 5.32
(t, J=8.3 Hz, 1H), 4.52 (m, 1H), 4.09 (m, 1H¥C NMR (CDCk,
100 MHz)6 169.3, 161.1, 141.1, 134.6, 131.7, 130.8, 130.4, 128.5
(2C), 128.2, 128.1, 127.9, 126.7, 68.4, 58.2. Anal. Calcd for
CoH1gNO: C, 80.96; H, 5.56; N, 8.58. Found: C, 80.50; H, 5.70;
N, 8.46.
(5-Methyl-2,4-diphenyl-4,5-dihydroimidazol-1-yl)phenylmeth-
anone(25): yield 42%; mp 242-245°C; R; 0.07 (10% EtOAc in
petroleum ether);d]?%; = —35.85 € 0.65, CHC}); FT IR (KBr)
1627, 1530 cm?; 'H NMR (CDClz, 400 MHz) ¢ 7.58 (m, 2H),
7.40 (m, 11 H), 7.13 (m, 2H), 4.95 (d,= 3.4 Hz, 1H), 4.22 (m,
1H), 1.45 (d,J = 6.8 Hz, 3H). Anal. Calcd for &H,N,O: C,
81.15; H, 5.92; N, 8.23. Found: C, 81.34; H, 5.90; N, 8.16.
General Procedure for the Reaction olN-Tosylaziridines with
Carbonyls Using Metal Triflates. A carbonyl compound (1.5
mmol) was slowly added to the mixture of &htosylaziridine (1
mmol), metal triflate (0.2 mmol), and grod@ A molecular sieves
in anhydrous solvent (5 mL) at rt. After the completion of reaction,

58%; mp 149-150°C; R 0.56 (20% EtOAc in petroleum ether);
FT IR (KBr) 1342, 1206, 1155, 1091 crh 'H NMR (CDCl;, 400
MHz) 6 8.66 (dd,J = 8.1, 2.0 Hz, 2H), 8.33 (m, 2H), 8.20 (m,
9H), 8.07 (t,J = 7.6 Hz, 2H), 7.87 (dJ = 8.0 Hz, 2H), 7.70 (d,
J=8.0 Hz, 2H), 5.85 (dd} = 9.8, 6.0 Hz, 1H), 5.13 (dd} = 8.3,
5.9 Hz, 1H), 4.38 () = 8.8 Hz, 1H), 3.2 (s, 3H)}}*C NMR (CDCE,
100 MHz)6 142.7, 141.8, 138.2, 137.1, 136.2, 130.2, 128.9, 128.7
(2C), 128.6, 128.5, 128.4, 127.8, 127.2, 126.9, 126.1, 100.3, 75.6,
55.4, 21.5; MS (FAB) 456 (M + 1). Anal. Calcd for GgHos
NOsS: C, 73.82; H, 5.53; N, 3.07. Found: C, 73.99; H, 5.47; N,
3.17.
2,2-Diethyl-5-phenyl-3-(toluene-4-sulfonyl)oxazoliding¢26f):
yield 62%; yellow liquid;Rf 0.65 (20% EtOAc in petroleum ether);
FT IR (neat) 1328, 1157, 1091 c *H NMR (CDCls, 400 MHz)
0 7.76 (m, 2H), 7.29 (m, 7H), 5.07 (dd,= 9.8, 5.9 Hz, 1H), 3.85
(dd,J = 8.5, 5.8 Hz, 1H), 3.16 (1) = 10.4 Hz, 1H), 2.42 (s, 3H),
2.09 (m, 4H), 0.99 (tJ = 7.3 Hz, 3H), 0.92 (tJ = 7.3 Hz, 3H);
13C NMR (CDCk, 100 MHz)6 143.3, 137.7, 129.5, 128.6, 128.5,
127.1 (2C), 126.2,103.3, 77.3,54.5, 31.7, 30.4, 21.5, 8.7, 8.0. Anal.
Calcd for GoH2sNOsS: C, 66.82; H, 7.01; N, 3.90. Found: C,
66.98; H, 6.95; N, 3.87.
2-Methyl-5-phenyl-3-(toluene-4-sulfonyl)oxazolidine (269):

as monitored by TLC, the solvent was evaporated to give the crudeyield 76%; sticky solid;R 0.53 (20% EtOAc in petroleum ether);

product. Purification by column chromatography (10% EtOAc in
petroleum ether) yielded the desired oxazolidine.
2-Phenyl-4-(toluene-4-sulfonyl)-1-oxa-4-azaspiro[4.5]decane
(269): yield 96%; mp 12+122 °C; R 0.62 (20% EtOAc in
petroleum ether); FT IR (KBr) 1335, 1211, 1121, 1096 éniH
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[0]25% = +0.60 € 1.0, CHCE); FT IR (neat) 1347, 1211, 1164,
1090 cntl; IH NMR (CDCl;, 400 MHz) (NMR for major
diastereomerd 7.8 (d,J = 8.1 Hz, 2H), 7.38 (dJ = 8.1 Hz, 2H),
7.29 (m, 3H), 7.20 (m, 2H), 5.32 (d,= 5.4 Hz, 1H), 4,18 (dd)
= 10.0, 5.6 Hz, 1H), 3.89 (dd} = 10.2, 5.6 Hz, 1H), 3.23 (1 =
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10.7 Hz, 1H), 2.46 (s, 3H), 1.62 (d,= 5.4 Hz, 3H);3C NMR
(CDCl;, 100 MHz) 6 144.3, 136.8, 134.8, 129.9, 128.6, 128.5,
127.7, 126.0, 88.8, 78.7, 53.3, 22.7, 21.6. Anal. Calcd foHG-
NOsS: C, 64.33; H, 6.03; N, 4.41. Found: C, 64.54; H, 6.12; N,
4.34.
5-(4-Chlorophenyl)-2,2-dimethyl-3-(toluene-4-sulfonyl)oxazo-
lidine (26h): yield 40%; mp 89-91 °C; R 0.57 (20% EtOAc in
petroleum ether); FT IR (KBr) 1343, 1216, 1155, 1092, 1014%m
1H NMR (CDCl3, 400 MHz)6 7.74 (d,J = 8.3 Hz, 2H), 7.27 (m,
6H), 5.07 (dd,J = 9.3, 5.6 Hz, 1H), 3.85 (dd] = 8.8, 5.8 Hz,
1H), 3.09 (t,J = 9.0 Hz, 1H), 2.40 (s, 3H), 1.73 (s, 3H), 1.67 (s,
3H); 13C NMR (CDCk, 100 MHz) 6 143.5, 137.0, 135.9, 134.3,

129.6,128.8,127.5,127.3,97.4, 75.5,53.9, 27.5, 26.9, 21.5. Anal.

Calcd for GgHooCINOsS: C, 59.09; H, 5.51; N, 3.83. Found: C,
59.32; H, 5.55; N, 3.88.
2-(4-Chlorophenyl)-4-(toluene-4-sulfonyl)-1-oxa-4-azaspiro-
[4.5]decane (26i): yield 75%; mp 132134 °C; Rs 0.60 (20%
EtOAc in petroleum ether); FT IR (KBr) 1331, 1221, 1152, 1096,
1005 cnt?; 1H NMR (CDCl;, 400 MHz) 6 7.73 (d,J = 8.3 Hz,
2H), 7.28 (m, 6H), 5.03 (dd] = 9.5, 5.9 Hz, 1H), 3.88 (dd] =
8.8, 5.6 Hz, 1H), 3.07 (1) = 9.0 Hz, 1H), 2.42 (s, 3H), 2.33 (td,
J=12.2, 4.2 Hz, 1H), 2.22 (td] = 13.4, 4.7 Hz, 1H), 1.95 (m,
1H), 1.62 (m, 6H), 1.29 (m, 1H}:3C NMR (CDChk, 100 MHz)d
143.3, 137.7, 136.4, 134.1, 129.6, 128.7, 127.5, 127.3, 99.2, 75.2
53.9, 36.2, 35.4, 24.6, 23.6, 23.4, 21.5; MS {6429 (M" +
Nat). Anal. Calcd for G;H24CINOsS: C, 62.13; H, 5.96; N, 3.45.
Found: C, 62.31; H, 5.86; N, 3.37.
2-(2-Bromophenyl)-4-(toluene-4-sulfonyl)-1-oxa-4-azaspiro-
[4.5]decane (26)): yield 32%; mp 133-135 °C; R 0.64 (20%
EtOAc in petroleum ether); FT IR (KBr) 1336, 1208, 1161, 1096,
1001 cnt?; *H NMR (CDCl;, 400 MHz) 6 7.73 (d,J = 8.1 Hz,
2H), 7.52 (t,J = 8.7 Hz, 2H), 7.31 (m, 3H), 7.16 (td,= 7.8, 1.7
Hz, 1H), 5.31 (ddJ = 9.0, 5.9 Hz, 1H), 4.22 (dd] = 8.8, 5.9 Hz,
1H), 2.98 (t,J = 8.8 Hz, 1H), 2.41 (s, 3H), 2.35 (m, 1H), 2.20 (td,
J=13.4, 4.4 Hz, 1H), 1.97 (m, 1H), 1.62 (m, 6H), 1.28 (m, 1H);
13C NMR (CDCk, 100 MHz) 6 143.2, 137.8, 132.6 (2C), 129.5,
127.7 (2C), 127.2 (2C), 121.6, 100.5, 98.7, 75.0, 52.4, 36.2, 35.3,
24.6, 23.6, 23.6, 21.5. Anal. Calcd fopBrNOsS: C, 56.00;
H, 5.37; N, 3.11. Found: C, 56.22; H, 5.30; N, 3.04.
(2S,3R)-3-Methyl-2-phenyl-4-(toluene-4-sulfonyl)-1-oxa-4-
azaspiro[4.5]decane:diastereomeric ratio2fa28a) 94:6; total
yield 97%; dense liquidi 0.57 (20% EtOAc in petroleum ether);
[a]?® = —11.00 € 1.5, CHC}); *H NMR (CDCls, 400 MHz)
(NMR for major diastereomer) 7.82 (d,J = 8.0 Hz, 2H), 7.28
(m, 7H), 4.96 (dJ = 5.4 Hz, 1H), 4.04 (m, 1H), 2.43 (s, 3H), 2.33
(m, 2H), 1.75 (m, 6H), 1.32 (m, 2H), 0.80 (d,= 6.6 Hz, 3H).
Anal. Calcd for G,H»;NOsS: C, 68.54; H, 7.06; N, 3.63. Found:
C, 68.72; H, 6.90; N, 3.69.
(2S,3R)-4-(4-Bromobenzenesulfonyl)-3-methyl-2-phenyl-1-
oxa-4-azaspiro[4.5]decanediastereomeric ratio27b/28b) 98:2;
total yield 99%; viscous yellow liquidR: 0.50 (20% EtOAc in
petroleum ether);d]?% = —11.83 ¢ 1.2, CHC}); *H NMR (CDCl,
400 MHz) (NMR for major diastereomer) 7.81 (m, 2H), 7.66
(m, 2H), 7.31 (m, 5H), 4.97 () = 5.1 Hz, 1H), 4.01 (m, 1H),
2.38 (m, 2H), 2.23 (m, 1H), 1.76 (m, 6H), 1.29 (m, 1H), 0.82 (d,
J = 6.6 Hz, 3H). Anal. Calcd for gH»,BrNOsS: : C, 56.00; H,
5.37; N, 3.11. Found: C, 56.19; H, 5.31; N, 3.03.
(2S,3R)-4-(4-Fluorobenzenesulfonyl)-3-methyl-2-phenyl-1-
oxa-4-azaspiro[4.5]decanediastereomeric ratio2(7d28c) 95:5;
total yield 98%; viscous yellow liquidR: 0.61 (20% EtOAc in
petroleum ether);d]?% = +0.50 € 1.7, CHC}); *H NMR (CDCls,
400 MHz) (NMR for major diastereomer) 7.95 (m, 2H), 7.30
(m, 5H), 7.17 (m, 2H), 4.98 (d) = 5.1 Hz, 1H), 4.00 (m, 1H),
2.30 (m, 3H), 1.74 (m, 6H), 1.34 (m, 1H), 0.81 (br, 3H). Anal.
Calcd for GiH24FNGsS: C, 64.76; H, 6.21; N, 3.60. Found: C,
64.94; H, 6.29; N, 3.55.
(2S,3R)-4-Methanesulfonyl-3-methyl-2-phenyl-1-oxa-4-azaspiro-
[4.5]decane:diastereomeric ratid2(7d/28d) 94:6; total yield 84%;
dense liquid;R: 0.39 (20% EtOAc in petroleum ether)y P> =
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+51.72 ¢ 1.5, CHC}); 'H NMR (CDCl;, 400 MHz) (NMR for
major diastereomerd 7.35 (m, 5H), 5.20 (dJ = 5.4 Hz, 1H),
4.08 (m, 1H), 3.03 (s, 3H), 2.24 (m, 3H), 1.97 (m, 1H), 1.89 (m,
1H), 1.76 (m, 1H), 1.64 (m, 3H), 1.25 (m, 1H), 0.90 = 6.6
Hz, 3H). Anal. Calcd for GsH23NOsS: C, 62.11; H, 7.49; N, 4.53.
Found: C, 62.30; H, 7.36; N, 4.58.

(2S,3R)-4-Benzenesulfonyl-3-methyl-2-phenyl-1-oxa-4-azaspiro-
[4.5]decane:diastereomeric ratioc27€28e)93:7; total yield 97%;
viscous liquid;Rr 0.57 (20% EtOAc in petroleum etheriy]f =
—1.00 € 1.5, CHC}); *H NMR (CDCl;, 400 MHz) (NMR for major
diastereomerd 7.95 (m, 2H), 7.54 (m, 3H), 7.30 (m, 5H), 4.97 (d,

J = 5.1 Hz, 1H), 4.05 (m, 1H), 2.30 (m, 3H), 1.61 (m, 7H), 0.80
(d, J = 6.6 Hz, 3H). Anal. Calcd for gH,sNOsS: C, 67.89; H,
6.78; N, 3.77. Found: C, 67.72; H, 6.80; N, 3.75.

General Procedure for the Cleavage ofN-Tosyl Bond in
Oxazolidines.For 30a 30b, 32a and32b, the same procedure, as
described above for the detosylation of imidazolines (Scheme 5),
was followed up to the formation of crude detosylated product. To
the crude detosylated product were added a saturated solution of
NaHCG; (4 mL) and toluene (4 mL). This was followed by the
addition of substituted chloroformate (1.5 mmol), and the reaction
mixture was subsequently stirred for 1 h. The organic layer was
then separated and the aqueous layer extracted with ethyl acetate.

,The combined organic layers were then washed with water and

brine, dried over anhydrous B8O, and concentrated to give the
crude product. Purification by column chromatography gave the
desired product.
2-Phenyl-1-oxa-4-azaspiro[4.5]decane-4-carboxylic acid ben-
zyl ester (303): yield 38%; yellow liquid;R 0.35 (5% EtOAc in
petroleum ether); FT IR (neat) 1705, 1409, 1209, 1133, 1070¢;cm
H NMR (CDCl3, 400 MHz)d 7.34 (m, 10H), 5.13 (m, 2H), 5.02
(dd,J = 9.8, 5.8 Hz, 1H), 4.02 (dd] = 9.3, 6.1 Hz, 1H), 3.29 (t,
J = 9.8 Hz, 1H), 2.55 (m, 1H), 2.29 (m, 1H), 1.67 (m, 7H), 1.28
(m, 1H);13C NMR (CDCk, 100 MHz)6 152.0, 138.3, 136.6, 128.5,
128.4,128.2,127.9,127.8,126.2, 95.5, 75.5, 66.4, 52.8, 34.4, 31.7,
24.6, 23.2 (2C); MS (FAB) 352 (M+ 1). Anal. Calcd for GoH s
NOsz C, 75.19; H, 7.17; N, 3.99. Found: C, 75.36; H, 7.12; N,
3.91.

2-Phenyl-1-oxa-4-azaspiro[4.5]decane-4-carboxylic acid ethyl
ester (30b): yield 30%; yellow liquid; Rr 0.33 (5% EtOAc in
petroleum ether); FT IR (neat) 1707, 1413, 1210, 1127, 1068;cm
IH NMR (CDClg, 400 MHz) 6 7.30 (m, 5H), 5.03 (ddJ = 9.8,

5.8 Hz, 1H), 4.12 (br, 2H), 3.27 (br, 1H), 3.32 (m, 1H), 2.52 (m,
1H), 2.29 (m, 1H), 1.72 (m, 8H), 1.28 (br, 3HFC NMR (CDCl,

100 MHz) 0 152.4, 138.5, 128.5, 128.2, 126.2, 95.3, 75.5, 60.6,
52.8, 34.4, 31.8, 24.7, 23.2 (2C), 14.6; MS (B290 (M + 1).
Anal. Calcd for G;H»3NOs: C, 70.56; H, 8.01; N, 4.84. Found:
C, 70.78; H, 7.95; N, 4.91.

Phenyl (2-phenyl-1-oxa-4-azaspiro[4.5]dec-4-yl)methanone
(300: yield 52%; mp 144147 °C; R 0.20 (10% EtOAc in
petroleum ether); FT IR (KBr) 1630, 1417, 1217, 1078¢éniH
NMR (CDCl, 400 MHz)6 7.45 (m, 2H), 7.34 (m, 8H), 5.03 (dd,

J =10.0, 5.6 Hz, 1H), 3.74 (br, 1H), 3.44 @,= 10.0 Hz, 1H),

2.76 (m, 1H), 1.75 (m, 9H):3C NMR (CDCk, 100 MHz)0 167.4,

138.0, 137.7, 129.6, 128.5, 128.3, 128.2, 126.3, 126.1, 97.0, 75.6,

56.3, 34.0, 31.0, 24.5, 23.1, 23.0. Anal. Calcd fefH3aNO,: C,

78.47; H, 7.21; N, 4.36. Found: C, 78.68; H, 7.15; N, 4.31.
3-Methyl-2-phenyl-1-oxa-4-azaspiro[4.5]decane-4-carboxyl-

ic acid benzyl ester(32a): yield 50%; viscous liquidR 0.44 (10%

EtOAc in petroleum ether);of]?>> = +33.16 € 1.6, CHC}); FT

IR (neat) 1708, 1408, 1206, 1124, 1055¢mH NMR (CDCls,

400 MHz) 6 7.26 (m, 10H), 5.19 (m, 2H), 4.22 (m, 1H), 2.57 (m,

1H), 2.37 (m, 1H), 1.63 (m, 9H), 0.77 (d,= 6.6 Hz, 3H);°C

NMR (CDCl;, 100 MHz)6 152.1, 136.8, 128.5, 128.1 (2C), 127.9,

127.8, 127.5, 126.1, 94.6, 77.7, 66.4, 56.3, 35.9, 32.1, 25.7, 23.4,

23.3, 15.9; MS (FAB) 366 (M + 1). Anal. Calcd for GsH,7NOs:

C, 75.59; H, 7.45; N, 3.83. Found: C, 75.78; H, 7.40; N, 3.88.
3-Methyl-2-phenyl-1-oxa-4-azaspiro[4.5]decane-4-carboxyl-

ic acid ethyl ester(32b): yield 48%; viscous liquidR 0.14 (5%
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EtOAc in petroleum ether);of] > = +44.41 € 1.5, CHCh); FT

IR (neat) 1705, 1410, 1206, 1125, 1063 ¢mH NMR (CDCls,

400 MHz) ¢ 7.32 (m, 5H), 5.19 (m, 1H), 4.17 (m, 2H), 2.55 (m,

1H), 2.36 (m, 1H), 1.70 (br, 8H), 1.38 (m, 1H), 1.28 (m, 3H), 0.78

(m, 3H);3C NMR (CDCl, 100 MHz)6 152.4, 136.9, 128.0, 127.4,

126.1,94.4,60.4,56.2, 35.9, 30.9, 24.7 (2C), 23.4 (2C), 15.8, 14.6;

MS (ESt) 304 (M + 1). Anal. Calcd for GgHsNO3: C, 71.26;

H, 8.31; N, 4.62. Found: C, 71.45; H, 8.25; N, 4.66.
(3-Methyl-2-Phenyl-1-oxa-4-azaspiro[4.5]dec-4-yl)metha-

none (32c): yield 56%; mp 183-185°C; R; 0.19 (10% EtOAc in

petroleum ether);d]?>; = +6.50 € 1.0, CHCE); FT IR (KBr)

1622, 1412, 1203, 1067 crhi *H NMR (CDCls, 400 MHz)6 7.40

(br, 4H), 7.32 (dJ = 4.4 Hz, 4H), 7.27 (m, 2H), 5.27 (d,= 4.9

Hz, 1H), 4.11 (br, 1H), 2.94 (br, 1H), 2.66 (br, 1H), 1.79 (m, 7H),

1.37 (br, 1H), 0.59 (dJ = 5.1 Hz, 3H);3C NMR (CDCk, 100

MHz) 6 168.3, 138.4, 136.5, 128.9, 128.4, 128.2, 127.6, 126.1,
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125.9,96.1, 77.7,58.3, 35.9, 30.7, 24.5, 23.3, 23.2, 16.7; MS (FAB)
336 (M" + 1). Anal. Calcd for GHsNOy: C, 78.77; H, 7.51; N,
4.18. Found: C, 78.98; H, 7.45; N, 4.23.
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