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Abstract: The PB-nitrostyrenes 1 or 2 react with Grignard or organolithium reagents in ether or
THF solution to generate by 1,4-addition the intermediate nitronates A. When A is treated with dilute
hydrochloric acid, high yields of the nitroalkanes 3 (and oximes 4) or § are obtained. Hydroximoy!
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hahdes 6. 8 or nitrile oxides 7 can be isolated when the intermediate A is slowly added to the ice cold
concentrated hydrohalic acid. The same products 6 and/or 7 are observed if the nitronates, generated from

P, T On

he subsirate ld, are added o 85% aqueous I'l20U4 but omy the ﬂy(ll'OlyZC(l carnoxyuc acids 9 are
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condition. The nitrile oxides 7 can undergo 1,3-dipolar cycloaddition with alkenes or alkynes to generate
2-isoxazolines or isoxazoles. A one-pot synthesis of the [n,3,0] bicyclic (n = 3 or 4) compounds 23-27
by intramolecular nitrile oxide-olefin cycloadditions is reported.
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Conjugated nitroalkenes are useful intermediates in organic synthesis.® Due to the strong electron
withdrawing property of the nitro group, nitro olefins can undergo Michael addition with

organometallic reagents such as or,ganolithium,2 magnesium,3 cadmium,# zinc,? aluminum® and

RZ  NO, R NOo. oo
c=c! + RM  — RLC-C-R or  Rbc-c | (1)
R R R H R R
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Reactions of nitro compounds, nitronate salts and nitronic esters with aqueous acid solution hav
been well studied. Nef found that primary or secondary nitro compounds can be hydrolyzed to
aldehydes or ketones by treatment of their conjugated bases with sulfuric acid. For example, the
reactions of B-nitrostyrenes with Grignard reagents in THF or diethyl ether followed by workup with
dilute aqueous acid or concentrated sulfuric acid in methanol to generate nitroalkanes or aldehydes

was reported by Wright in 1988.3¢

=l

__W Uri d g
the Meyer reaction when treated with concentrated sulfuric acid

. <6 can he converted into oa vl
Primary nitro ¢ also can be converted into carboxy

D.

Carboxylic acids are formed from
the hydrolysis of hydroxamic acids and hydroxamic acids are formed by the hydration of the nitrile
oxides (Scheme I).9

_+PH e +OH  —Hz
RCH=N RCH=N RCNO
O~ Y H “H+
H>0O H,O
RC(O)NHOH 2=~ RCOzH + HNOH
Scheme |

Nitrile oxides are important intermediates in organic synthesis. Several methods are reported in

the literaure 10 for the in situ generation of nitrile oxides. Muka\iyama’sw*1 dehydration of primary

nitro compounds using phenyl isocyanate with a catalytic amount of triethylamine and Huisgen’s L0b

AT PRyl T

base-induced aenyar()nalogcnauon [8)] HYGFUXIIIIOYI

<11 ———

cnioriaes ar
generatc nitrile oxides. Annougn the uuuty of nitrile oxides in synmesm has been studied
extenswely, the SanﬂCSlS of their precursors has received Ol'lly limited attention. UbUdlly

hydroximoyl chlorides are prepared by chlorination of aldoximes. A number of chlorinating reagents

such as chlorine, ! 13 terz-butyl hypochlorite,! 1° nitrosyl chloride,! ¢ N-chlorosuccinimide! !9 in

DMF and HCI/DMF/oxonell® or TiCl,!1f have been rep

M I4 orted to give good yields of the

hydroximoyl chlorides without polyhalogenation.
After reviewing the literature repsr{s, we t..oug..t that nitronate salts should be converted into

Ph_ R Ar H
L=C, ,C=C,
Ph NO, H NO,
1 2
a: R=H a: Ar=Ph f. Ar= 4-EtoNCgH4
b: R=Me b: Ar = 2-thienyl g: Ar = 4-MeOCgHy
c: R=0Ph c: Ar=2-furyl h: Ar = 1-naphthyl
d: Ar=4-FCgH, i: Ar= 3-(N-phenyl)indolyl

e: Ar=4-F3COCgH4
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as substrates to react with Grignard or organolithium reagents followed by workup under different
concenirations of ice cold HX or Hp804 aqueous solution. We found that alkylation and
haiogenation couid occur in a one-pot reaction to give high yieids of the hydroximoyi halides or
nitrile oxides from the reactions of conjugated nitroalkenes with Grignard or organolithium

reagents. 12

Results and Discussion

The B—nitrostyrenes 1 or 2 were reacted with Grignard or organolithium reagents in ether or THF
PNy TS SN Y . F U | . S RN S . J I | h § 92 TOIUNRYE R PP e rmaan oA A D s
SOIULIOILL L g LAICTALC LIC HRCTHICUIAWC THHOIIALES O =dIllOf» A VY IICIL LIC NIHOIdICS A WCETI AUCa L
ice cold dilute (5%) hydrochloric acid, 22-100% of the nitroalkanes 3a-h (and 30-55% of oximes
4a-e) or 57-97% of 5a-n were obtained (equation 2 and Table I)
, R oM
Ar. R -
\,C=C: + AMM=MgXorL) ether or THF [ Ar,g\q,Nﬁo_ ]
R NOp | 7 Rz 7]
1(Ar=R'=Ph) A
2(R'=R2=H)
dilute HCI RTNO: R' R
1 ’
— ), c C-R2 + Ar—C-C, (2)
R R NOH
3(Ar=R'=Ph) 4(Ar=R"=Ph)
5(R'=R2=H)
Ph NO. M R2
Ph—C-C-R® Ph—C- G,
H 3 NOH
4
a R=PhCH, R2=H € R iBy R2=H a: R= R%= Me
b: R=Me, RZ=H f. R =Me, R2=OPh b: R=Pr, R®=Me
~ ~ AL M2 AR A D DAL n2 _ ADL
[ R=Pr' R4=H 9- H:I"I’, H=UrFn G. l'\—I'IILJ!"'Iz, n =vurin
d: R=iPr, R2=H h: R=Bu, RZ=H d: R =Me, R?=0Ph
e: R = iPr, R%= OPh
a: Ar=Ph, R=PhCH, h: Ar=4-FCgHg, R=Pr
b: Ar=Ph, R=Me i Ar=4-FsCOCgHy R=iPr
H NOz ¢: Ar=Ph, R=Pr | Ar=4-EtzNCgH,, R = tBu
Ar_S'E"H d: Ar=Ph, R=iPr k Ar=4-MeOCgHy4 R =PhCH,
n n
e: Ar=Ph, R=tBu . Ar=1-naphthyl, R=Pr
5 f. Ar=2-thienyl, R = PhCHy m Ar = 1-naphthyl, R =Me

g: Ar=2-furyl, R=Pr n: Ar = 3-(N-Phenyl)indolyl, R= tBu
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Table I. Reactions of B-nitrostyrenes with RMgX or RLi and workup with 5% hydrochloric acid

AR

product and yield (%)?

substrate ~ RMgX or RLi 3 (%) 4 (%) 5 {%)
1a PhCH,MgCl 3a (95

1a CH;Mgl 3b  (98)

1a CH;CH,CH;MgBr 3 (98

1a (CH3),CHMgBr 3d (60

1a (CH3):CMgCl 3¢ (0P

1b CH;Mgl 4a (30)

b CH,CH,CH,MgBr 4 (32

1c PhCH,MgCl 4 (40)°

Ic CH;Mgl 3 (2 4d  (59°

1c CH,;CH,CH,MgBr g (w

Ic (CH;),CHMgBr 4e (D)

1a CH;Li 3b  (100)

1a CH,CH,CH,CH,Li 3h (70)

ia (CH;3),CHLI 3d (69

1a (CH;)4CLi 3e (46)

2a PhCH,MgCl 5a  (70)
2a CH;Mgl sb  (77)
2a CH,CH,CH,MgBr Sc (81)
2a (CH;),CHMgBr 54 (69
2a (CH;),CMgCl 5¢  (80)
2b PhCH,MgCi sf (94)
2¢ CH,CH,CH,MgBr 5g (82)
2d CH3CH,CH;MgBr 5h 97)
2e (CH,4),CHMgBr 5 (95)
2f (CH;),CMgCl 5 (©n
2g PhCH,MgCl sk (57)
2h CH,CH,CH,MgBr 51 (86)
2h CH;Mgl sm (78)
2i (CH;3);CMeCl 5n (62

? NMR yields by using toluene or dibromomethane as an internal standard. ® 10% of aci form.
CE>>Z Y‘E:Z=8:1
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To compound 1b, the presence of the phenyl and methyi groups increased the steric hindrance to
the addition of the Grignard reagents and only low yields (30 and 32%) of oximes 4a and 4b were
observed when CH3Mgl or CH3CH,CHyMgBr was used. Similar results were also observed when
i ¢ (R=0Ph) reacted with PhCHMgCl or CH3Mgi to generate 40% of 4 ¢ or 55% of oxime 4d (E-
and Z-isomers) and 22% of 3f. Only trace of product 3g or 4e was generated when
CH3CHoCHMgBr or (CH3)oCHMgBr, respectively, reacted with 1 c.

After obtaining high yields of the nitroalkanes 3a-h and 5a-n by using dilute acid aqueous
solution, we also tried to add the nitronates A to the ice cold 85% sulfuric acid or concentrated
aqueous HX (HCl 37%, HBr 48%, HI 57%) solutions to observe whether the reaction proceeded
through the Nef mechanism or not. Surprisingly, 15-99% of hydroximoyl halides 6 and/or 20-95%
of nitrile oxides 7 were generated when the intermediates A, generated from the substrate 1a, were
slowly added to either concentrated hydrohalic or 85% sulfuric acids (equation 3 and Table II).

Ph H ether or THF o
=< +  RM (M = MgX or Li) [ ANt
Hn NO»o [ mp ot O
Ho
1a A
concd. HX(aq) Fh X Fh
Ph-C- + Ph—-C-C=NO (3)
or 85% HyS04 F" NOH FI§
6 7
a: R=PhCHy, X=Cl g R=Me, X=I
b: R=Pr, X=Br h: R=Pr, X=Cl
Ph v R _ D v_ 0o om_me v
i N C: R=FPr, X=0DT i: H=°Pr X=1I
Ph-C-C. ) o o
i NOH d: R=PhCHy, X=Br  J: R=iPr, X=Ci
6 e: R=Me, X=Cl k: R=Bu, X=Cl
f: R=Me, X=5Br I: R=Bu, X=Br
a: R =PhCH, e: R=Pr
Fh b: R=Me f: R=c-CeHyy
Ph—g—C:NO c: R=/iPr g. R=Bu
d: R=tBu
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Table IL. Reactions of 1,1-diphenyl-2-nitroethylene (1a) with RMgX or RLi and workup with
concentrated sulfuric or hydrohalic acids at 0 °C

product and yield (%)?

substrate RMgX or RLi acid 6 (%) 7 (%)
1a PhCH,MgCl H,50, 6a  (95)
1a PhCH,MgCl H,S0, 7a (95
1a CH;Mgl H,804 7o (68)°
1a CH,CH,CH,MgBr H,SO, 6b (89
la (CH,),CHMgBr H,80, 6c  (62)° 7c  (0)
1a (CH;);CMgClI H,S0, 7d (62)
1a PhCH,MgCl HCI 6a (99
1a PhCH,MgBr HBr 6d (9%
1a CH;MgCl HCl 6e (82)
1a CH;MgBr HBr 6f  (85)
1a CH;Mgl HI 6g (95
1a CH;CH,CH,MgCl HCI 6h  (96)
1a CH,;CH,CH,MgBr HBr 6b (93
1a CH;CH,CH,Mgl HI 6i  (I5)° 7e  (70)
1a (CH,),CHMgCl HCI 6 (7
1a (CH3),CHMgBr HBr 6 (26) Te  (60)
1a c-CgHy MgBr HBr 7 (70)
1a CH,CH,CH,CH,Li H,S0, 78 (90)
1a (CH3);CLi H,80, 7d  (46)
1a (CH3)3CLi HCl 7d (54
1a CH;Li HCl e (73
1a CH;Li HBr 6f (99
1a CH;Li HI 6g  (59)
1a CH3CH,;CH,CH,Li HCl 6k (83)
1a CH;CH,CH,CH,Li HBr 61 (70)
1a (CH;),CHLi HC! 6 (D
ia (CH;3),CHLI HCl ¢t

# NMR yields by using toluene or dibromomethane as an internal standard. ® The CH,Cl, solution
was neutralized by NaHCO3g). © Furoxan. ¢ Converted into nitrile oxide 7¢ after flash column
purification. © Converted into nitrile oxide 7e after flash column purification. f The CH,Cl, solution
was neutralized by Et;N.
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generated after added the nitronates A to the concentrated aqueous hydrohalic acids. On the contrary,

1 a

21-63% of the hydrolyzed product carboxylic acids 9 were observed when the same intermediates A
were treated with 85% HSO4 (equation 4 and Table I1I).

Ho QM
Ar H ether or THF C.=NZ
“c=C +  RM (M = MgX or Li) [ AYg ¢ o ]
H NO, l, H J
2 A

(4)

SO H
Ar—C-COOH
R

9

a: Ar=Ph,R=iPr, X=Cl ke Ar = 3-(N-Phenyl)indolyl, R = iPr, X =ClI

. b: Ar = 2-thienyl, R = PhCHy, X = C! ¢ Ar=Ph R=Me, X=Cl

Ar—C-C; ¢: Ar = 2-thienyi, R = Me, X = Ci m: Ar=Ph, R=Bu, X=Ci
R NOH o Ar=othienyl, R=Pr, X =Cl n: Ar=Ph, R = £Bu, X = CI
8 e: Ar=2-thienyl, R = iPr, X = Cl o: Ar = 2-thienyl, R=Bu, X = Cl

. Ar= 2-thienyl, R = £Bu, X = CI p: Ar=2-furyl, R = Me, X = Cl
9. Ar=2-uryl, R= tBu, X = Cl q: Ar=4-FCgHy, R = Me, X = CI
h: Ar=4-FCgHy R = £Bu, X = CI r. Ar=4-FCgHy R = Bu, X = CI

Ar = 4- FQCOC6H4, R= I-PI‘ X =Br - Ar= 4'F3C‘OGGH4; R= Me, X =Cl
Ar = 1-naphthyl, R = /Pr, X =Cl t: Ar=4-F,COCgH4, R=Bu, X=Cl

n

- [l

a: Ar=Ph, R =PhCHj

— s

- Ar=4-FCgHy, R = Me
H b: Ar=Ph, R=Me g: Ar=4-CF3CgHy4, R =FPr
Ar—G-COOH .. Ar_ph, R=Pr h

n

Ar = 1-naphthyl, R = PhCH;
g d: Ar=Ph, R=/Pr i Ar=1-naphthyl, R = +Bu
e: Ar=Ph, R=tBu
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Tabie Iil. Reactions of P-nitrostyrenes (2) with RMgX or RLi and workup with concentrated

nifiria ar hudeahalin anide
HIUEIC O nyuironail atius

productand yield (%)*
substrate RMgX or RLi HX 8 (%) 9 (%)
2a (CH3),CHMgCI HCI 8a (77
2b PhCH,MgCi HCI 8b (93
2b CH;MgCl HCl 8¢ (78
2b CH,;CH,CH,MgCl HCI 8a (75
2b (CH3),CHMgCl HCI 8e (48)
2b (CH3);CMgCl HCI 8t (56)
2¢ (CH3);CMgCl HCI 8z (30
2d (CH3);CMeCl HC! 8h (56)
2e (CH,),CHMgBr HBr 8i (75
2h {(CH3),CHMgCl HCI 8 (50)
2i (CH3),CHMgCl HCI 8k (36)
2a CH;Li HCI 81 (90)
2a CH,CH,CH,CH,Li HCI 8m (65)
2a (CH;),CHLI HC) 8a (44)
2a (CH3),CLi HCl 8n (16)
2b CH,;CH,CH,CH,Li HCI 80 (46)
2 CH,Li HCI 8p (36)
2d CH;Li HCI 8q (85)
2d CH;CH,CH,CH,Li HCl 8r (90)
CH,Li HCI gs (70)
2e CH,CH,CH,CH,Li HC! 8t (63)
2a PhCH,MgCl H,80, 9a (31)
2a CH;Mgl H,50, 9b (63)
2a CH;CH,CH,MgBr H,50, 9c (60)
2a (CH;),CHMgBr H,SO, 9d (50
2a (CH3)3CMgCl H380,4 9¢ (21)
2d CH;Mgl H,50, 9f (44)
2e (CH;),CHMgBr H,S0, 9z (28)
2h PhCH,MgCl H,S0, sh (53)
2h (CH3)3:CMgCl H,580, 9 (30)
2 NMB

NMR yields by using toluene or dibromomethane as an internal standard.
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1

ibuted to the steric effect of the phenyl

...... P S

process. The generation of the

v}

r

group of the starting material and the R groups of the Grignard or organolithium reagents and the
presence of good trapping reagents in the form of halide ions. Usually two phenyl groups in the
nitronates are bulky enough to biock the water moiecules to attack the hydroximoyl halides 6 or
nitrile oxides 7. On the other hand, intermediates 7 or 8 were directly hydrolyzed to carboxylic acids

9 in ice cold 85% suifuric acid solution when substrates 2 were used. Hydroximoyl halides 6 or 8

are believed to be formed from the a-nitroso halides D because transient intense blue or green color

ds
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Ar _ H RM F.i H oG H* R, ,H
,C=C, Ar-C-G Ar—C-C, +
R NO rR N—O R N-OH
oM OH
1or2 A B
s/
dilute afV l ~H,0 \
81 =y R1 H
i LI f ]
Ar=C-CHpNOp PINCO & boNo ——  Ar-C-C
R EtsN R RNY X" - H0
3orb 7 Cc
/ b I
H30+ |DaS€ or l X"
ml i silica gel
/ n'=nj | Y
1
H Hg0* R" x R°X Va
Ar—C-COOH Ar—C-C. Ar-C-C-N=0
lﬂ 1 _oen o \N 2] n H
LI} U-\ __|—|} i iU rt
9 6or8 D
Scheme ii

In addition to the steric effect in the starting material nitroalkenes and the Grignard or
organolithium reagents, the nature of the halide ions was also important in determining the reaction
products. It is known that the order of halide nucleophilicity is I" > Br~ > CI” > F~ in protic solvents.
For the nitronates which were generated from the substrate 1a, chloride, bromide or iodide ion

trapped the intermediates readily to generate products 6e-g when CH3MgX or CH3Li was used.
When R was the benzylic, primary alkyl (propyl or butyl) or secondary alkyl (isopropyl) group, the

chloride ion could trap all the reactive intermediates successfully (6a, 6h, 6j and 6k) but the bromide
ion gave significant trapping products only with the primary or benzylic group (6b, 61 and 6d) under

the similar workup condition. For the fert-butylmagnesium chloride, cyclohexylmagnem bromide
or tert-butyllithium, only nitrile oxide 7d or 7 f and no hydroximoyl chloride or bromide was isolated

799
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due to the steric effect of the buiky 7-Bu or c-CgH | groups. For substrates 2, the chioride ion couid
PR | RS s ~ o & PRSP, S g <}

trap ail in¢ reactive intermediaies o generaie e ﬂy(ll' OKIIHO}’I chiorides (6a- t ) no matter what kind of
RMgX or RLi was used. These results indicated that the nucleophilicity of the halides, the steric

PR T i3 VP ¥4

effects of the substrates and RMgX or RLi reagents and the bond strength of the C-X in the
hydroximoyl halides were important to the stability of the final products. This was the reason why
6 g could be isolated only when concentrated hydroiodic but not suifuric acid was used during the
reaction of the CH3Mgl or CH3Li with compound 1a. To prove the importance of the nature of the

PR T

halide ion, we aiso ueprotonatea the nitroalkane 3a l‘nzl,((.l'lzl’n)(.,ﬂzNU2 with the strong base

P o

(Lﬁg):;(.Ul& in THF solution and then added the nitronate to §5% sulfuric acid. In addition to 5% of
recovered 3a, 38% of the hydroxamic acid 10 and 36% of the oxime 11 were isolated (eq 5). When
the same intermediate nitronate was added to concentrated hydrochloric acid, 91% of 6a was

generated and 7% of 3a was recovered. These results indicate that the intermediate B or C could be

directly hydrolyzed to 10 and 11 in the absence of trapping reagent X".

Ph Ph —~
i I. -BUOK/THF fn X
Ph-C-CH,NO; Ph-C-C(O)NHOH  + (W’;
CHoPh 2. 85% HyS04 CH,Ph % (5)
NOH
3a 10 1

Grignard and organolithium reagents are reactive organometallic reagents. Usually, organolithium
is more reactive than Grignard reagents. From tables I-III, we can find that methyl or butyl lithium

of products. To isopropyl or tert-butyl lithium, the yields of the products decrease dramatically due
to their high reactivity and steric effect. Although there are many differences between Grignard and
organolithium reagents, some advantages can be observed when organolithium reagents are used.
For example, methyllithium or butyllithium can react with B-nitrostyrenes and workup with different
kinds of concentrated hydrohalic acids to generate high yields of hydroximoyl halides efficiently but
the preparation of some Grignard reagents such as CH3MgCl, CH3MgBr or BuMgCl is troublesome
compare to methyllithium or butyllithium.

Hydroximoyl halides and nitrile oxides are important intermediates in organic synthesis.
Comparing to the method of the dehydration of the primary nitro compounds (Mukaiyama-Hoshino
method) 102 or oxidation of the aldoximes!OP to

AT Vaduaduivia ALIRICS

o
pyiviale

route for the synthesis of hydroximoyl halides 6 or nitrile oxides 7 from S-nitrostyrenes by reactions
with Grignard or organolithium reagents. The advantages of this method are the following : (a) the
starting materials -nitrostyrenes are easily synthesized or are commerically available, ( b) low cost of

vdrohalic acids. and (¢) the workun nrocedures are sim
drohalic acids, and (C) the SIr

workup procedures are simple and the products eas

generate 2-isoxazolines or isoxazoles respectiveiy. 13 The nitrile oxide 7a reacted with diethyi
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fumarate or ﬂlcmyl maieaie t0 10rm in€ Cyai0aaqiiion proaucis 1 <« Or 1.0 in nign yicit (Yo anda 5%,
A nemd ln o cdmm e it (o L e ] 7T ML vttt 1Y A7 a1 12 (£NOTN
respect Y) ana in 4 SiereospecCuic manner (€4 O and /). 10€ producis 12 (35%0) and 15 (Ou%)

were also generated when compound 3a was treated with PANCO/Et3N (Mukaiyama-Hoshino
method) in the presence of excess of the dipolarophiles. 102 These results indicate that the use of the

pure nitrile oxide 7a is better than the use of the nitroalkane 3a as a precursor to the nitrile oxide.

H‘ VoY o Yl wfY TS OOE
I LUzl 1r S
Ph-C-CNO  + 4 PhH,C” H (6)
' EtO,C 9
CHyPh 2 reflux 2 hour N 0) "COLEt
/a 12 (98%)
fh THF o™ coget
Ph-C-CNO  + Et0C_ COEt ___~  _ phH,C \I_J (7)
CHyPh reflux 2 hour N,-O>‘C02Et
7a 18 (93%)

ag ara nnotnhla nnmd ancy ta Aimearina tA Farme furavang inm tha aslhecanmca ~AF o

g 10 UldLAUIC allu Cadd LU ULLIICEILC WU 1ULIL LUl UAALLY 111 UIC dUDLLILEe UL a

Aimalaranmhila Fnar avamnala Q20 Af 1A wae farmad whan rnmnannd 8a wae rannsrtad with

Uipolaiupuie Ul CAalipic, 7270 Ul 1% wdad 1ULHINCU Wil bUllllJUullU OoT wad iCaCivu wiul

[ ORI PP DR IRS UG o o SN 4 4 S RN anta ” £ 41 1£ £, A
PLHCIIY1ACCLYICTIC 11 UIC PICSCIIG Ul DL3

H CI
e EQ/OHCL \/_\g N
>=G +  PhCZCH .
S C. NOH r. t. overnight S L= (8)
Me Me Me Me Ph
8e 14 (92%)
Me\ Me
H CI
M e a () )—C
S /é \\.JO, , EtaN/CHQCh» 7 Js (9)
Me" Me ()—C \
.
8e Me Me
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It has been reported that acetylenes are less reactive th

8

the corresponding olefins in 1,3-dipolar

additions. 13 When a few drops of triethylamine was added to the solution of 6 g in the presence of
an excess of a 1:1 mixture of acrylnitrile and phenylacetylene, reaction occurred very quickly (1 min)
Aftn. anmentinag tha cnalirant tha rmaiveires oo miamifiad th viald QSO ~AfFtha ) icnvarnlinae 1 £ ond 19707
MAIE CY 1 ALl ls WIC DULVCLIt, Ul 1 Ui wad yuuucu w ylclu OJ /A7 UL UIC L~IDUAGLULLIIC 1 O AliU 1L/

PRI T SR amala 1M 7o 1A TLic sossld S0 mmnciatan " .-.:u. tlin cvemlamndimn it ATl msscle nis lemmemmon S
O16 UIC ISOAAZOIC 7 (T4 1U). LIId ITSUIL IS LU llblblCl L Wil UIC CAPLdIIdUOI Uldl AitIOUgIl dil 1ICIcasc 1
amrrn oty mtter 137311 Annecnon tha nmmrensr ~F thn fra ottt cbnbn tlas fmnmcidiam obada msasmanta maslor s tla
dlUIIldllLlly Wi UeCITasc LIC CHCIEY Ul UIC U allditivil dLdic, UIC UdlidIUuull SldlC appdls Caliy LIl LIc

EtsN/CH.Clp

QNOH + PhCZCH + HoC=CHCN
vie 1 minute

N MoN
Ph-C—% O . Ph-C—? ©
1
me —{ the \={ (10)
CN \H‘I
16 (85%) 17 (12%)
1,3-Dipolar cycloaddition has been proved to be useful in organic synthes;s,14 including

intramolecular nitrile oxide-olefin cycloadditions (INOC).15:16  After obtaining high yields of

hydroximoyl halides 6 and 8 or nitrile oxides 7, we then tried to apply this method to synthesize [n,

3, 0] bicyclic compounds (n= 3 or 4) by reaction of the B-nitrostyrenes with the proper alkenyl

Grignard or organolithium reagents. High yields of 23-26 (85-95%) were generated when
t

substrates 1a, 2a or 2b reacted with 3-butene-1-magnesium bromide or 4-pe
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D>.....< +

H2C=CH-(CHg)n-CHzM (M = MgX or Li)

n=1o0r2

(11)

23:Ar=R = Ph, n=1, M= MgBl’, 95%

i9: Ar=R=Ph, n= 24: Ar=R =Ph, n=2,
M = MgBr, 92%; M = Li, 90%
20: Ar=Ph, R=H, n=2, 85% 25: Ar = Ph, R=H, n=2,
Co M = MgBr, 88%; M = Li, 60%
isolated <
* 21: Ar = 2-thienyi, R= H, 26: Ar = 2-thienyi, R=H, n=2,
n=2, 93% M = MgBr, 85%; M = Li, 60%
22: Ar = N-phenyi-3-indolyi, 27: Ar = N-phenyl-3-indolyl,
R=H, n=1 R=H, n=1, M = MgBr, 33%

A ) I a ¥ &Y a®
vxXperimental deciion
| A ITIYIEN __ L L

l . Ueneral. u1emy1 ether and tetrdnyurorurdn (1rir) were dried oy Demg renuxea over soulum
wire until the blue color of benzophenone ketyl persisted, and it was then distilled into a dry receiver
under nitrogen. The methyllithium, butyllithium, fers-butyllithium, magnesium turnings (98%), HCI

(37%), HBr (48%), HI (57%), H2b04 (98%), triethylamine, 4-bromo-1-butene, 5-bromo-1-

pentene, trans-fB-nitrostyrene (2a), trans-2-(2-nitrovinyl)thiophene (2b), trans-4-fluoro-§-
nitrostvrene (24d). frans-B-nitro-4-(trifluoromethoxv)stvrene (2e). trans-4 thoxv-B-nitrostvrene

inhads YASRSy, STlROT AT AL 7/ VES) J . YAV
LY e\ 2 L) emibeevrisany 1Y mbhamerlioadAala /T3 sirmsn smsivalhacad Fonee Al dai bl Mhascinal MNA 8 ) 2PN
{2g), 3-(2-nitrovinyl)-1-phenylindole (21), were purchased from Aldrich Chemical Co. The

following starting materials were prepared according to the literature: isopropyllithium, 17a | Jithio-4-

pentene,} 7 q-phenyl-B-nitrostyrene (1a),!® B-methyl-S-nitro-a-phenylstyrene (1 b),!8 B-nitro-f3-
20 2 .

daaan Y LY [ SR .1 . - 7" -\ LU . A
i D-4L-(L-iILIOViNyljiuran {(4«¢), P-InoO-4-

(dimethylamino)styrene (2f), 21 4 -(2-nitrovinyl)-naphthalene (2h). 22 1Y and 13c-NMR spectra
were recorded with a Varian Gemini 200 or JEOL EX-400 instrument. Chemical shift were given in
ppm from Me,4Si in CDCly solution. Mass spectra were obtained with Jeol IMS-D300 and high
resolution mass spectra were obtained by a Jeol IMS-HX110 spectrometer. Elemental analysis were
performed by a Perkin-Elemer 2400 instrument. All melting points were determined on a MEL.-
TEMP 1I melting point appartus and were uncorrected. Infared spectra were recorded in the FT mode
by a Jasco IR-700 spectrometer.
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sk W af . . ATfa_ ML . _ ... o P TR - iz
r ine l"l'l!pill'atlUﬂ of Nitroaikanes JSd=11, anu JSd-n or
»
|}

added to 10 mmol of benzylmagnesium chloride in 30 mL of ether or THF at -20 °C. Within 10
min, the solution was added to ice cold 5% aqueous HCI solution and stirred 30 min. The solution
was extracted with CH,Cly, dried over MgSOy, filtered and the solvent was evaporated to give the
product 3a. The yield (95%) was based on NMR by using toluene or dibromomethane as an internal
standard. The residue was purified by flash column chromatography on silica gel using hexane-ethyl
acetate as eluent to obtain the pure product 3a.

(b) Organolithium reagents method: The preparation of 3h from 1a will serve to
illustrate the general procedure utilized. 1,1-Diphenyl-2-nitroethene 1a (2 mmol) in 20 mL dry ether

or THF was added to 10 mmol of n-butyllithium (in hexane) at -78 °C. The solution was added to
ice cold 5% aqueous HCI solution and stirred 30 min after the starting material was disappeared by
checking the solution with TLC plates. The solution was extracted with CH,Cl,, dried over
MgSO,, filtered and the solvent was evaporated to give the product 3h. The yield (95%) was based
on NMR by using toluene or dibromomethane as an internal standard. The residue was purified by
flash column chromatography on silica gel using hexane-ethyl acetate as eluent to obtain the pure
product 3h

13H), 6.70 (d, 2H, J =7.81), 5.02 (s, 2H), 3.74 (s, 2H). 13c NMR (CDCl3): 143.68, 136.00,
131.00, 128.24, 12791, 127.77, 127.16, 126.74, 80.90, 51.43, 42.56. MS m/z (relative

N N2177 /\K+ Y 10N 71NNNY 1L£8 712N 01 714N Annl MalaA -~ an -

mtensity) 317 (vi ', i), 10U (10U}, 105 (15), 71 {10). Anai Calcd for ClelgNOz C, 7947, H,
-~ I\A' -T . - l. el —rn AN rrY st aT A ™~

0.U3; N, 4.41. rouna: ¢, /¥.49Y, 11, 0.2/, N, 4.0/

m/z (relative intensity) 241 (M*, 98), 195 (100), 181 (81), 165 (28), 117 (41), 91 (33), 77 (D).
Anal. Calcd for C15H15N02: C, 74.67; H, 6.27; N, 5.81. Found: C, 74.88; H, 6.30; N, 5.67.
1-Nitro-2,2-diphenylpentane (3c): 1H NMR (CDCly): 7.40-7.02 {m, 10H), 5.07 (s, 2H),

2.26-2.22 (m, 2H), 1.12-1.02 (m, 2H) 3H, J = 6.83). 13C NMR (CDCl3): 144.03,

3):
128.28, 127.46, 126.89, 82.65, 50.63, 38.96, 17.36, 14.33. MS m/z (relative intensity) 269 (M,
39), 226 (50), 180 (100), 165 (23), 91 (17), 77 (2). HRMS caled for C17HgNO, 269.1416,
found 269.1420.

3.Methyl-1-nitro-2,2-diphenylbutane (3d): 1H NMR (CDCl3): 7.46-7.11 (m, 10H), 5.14

(s, 2H), 3.15 (sept, 1H, J = 6.35), 0.95 (d, 6H, J = 6.35). 13¢ NMR (CDCl3): 140.28, 129.41,

127.66, 127.13, 83.69, 55.51, 29.23, 18.35. MS m/z (relative intensity) 269 (Mt, 4), 226 (24),

180 (100), 165 (25), 91 (12), 77 (4). Anal. Calcd for C17H19N02: C, 75.81; H, 7.11; N, 5.20.
Found: C, 75.87; H, 7.10; N, 5.08.
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3,3.-Dimethyl-1-nitro-2,2-diphenylbutane (3el): mp 94-95 °C. 1H NMR (CDCl3):
7.36-7.26 (m, 10H), 5.29 (s, 2H), 1.16 (s, 9H). 13¢c NMR (CDCl3): 141.50, 130.64, 127.04,
126.74, 81.55, 58.71, 38.63, 29.16. MS m/z (relative intensity) 283 M, tr), 223 (3), 180 (100),

i3), 51 (4), 57 (28). Anai. Caicd for C1gH,NO,: C, 76.29; H, 7.42; N, 4.94. Found: C,
7.23; N, 5.31.

i-1-nitro-2,2-diphenylbutane (3e2): Iy NMR (CDCly): 8.21 (s, 1H),
, 1.53 (s, 9H). 13C NMR (CDCl5): 144.34, 138.38, 128.41, 127.49, 125.98,

7.50-7.25 (m, 10H) |
70.62, 58.71, 27.86. MS m/z (relative intensity) 283 (M™, tr), 223 (3), 180 (100), 165 (13), 91
(4), 57 (28). Anal. Caled for CjgHyNOy: C, 76.29; H, 7.42; N, 4.94. Found: C, 76.32;

1-Nitro-1-phenoxy-2,2-diphenylpropane (3f): mp 113-114 °C. H NMR (CDCl5):
56 (s, 1H), 2.04 (s, 3H). 13C NMR (CDCl3): 155.29, 143.97, 143.20,
130.13, 128.35, 128.24, 127.90, 127.82, 127.37, 127.04, 124.24, 115.64, 111.71, 51.42,
22.87. MS m/z (relative intensity) 333 (M, tr), 287 (100), 209 (34), 194 (66), 179 (59), 165 (22),
115 (42), 103 (15), 77 (14). HRMS caled for Cy1H1gNOz 333.1349, found 333.1348.
1-Nitro-1-phenoxy-2,2-diphenylpentane (3g): mp 91-93 °C. IH NMR (CDCly): 7.35-
9

):
0.

s

ATY

3H, /= 7.32). . ;
127.57, 127.46, 126.87, 124.11, 115.52, 110.34, 55.11, 39.18, 17.99, 14.53. MS m/ (relative
intensity) 361 (M*, tr), 315 (100), 222 (26), 209 (56), 183 (70), 178 (52), 165 (30), 91 (72), 77
(15). HRMS caled for C93H,3NO3 361.1694, found 361.1678.

1-Nitro-2,2-diphenylhexane (3h): I NMR (CDCl3): 7.29-7.28 (m, 10H), 5.12 (s, 2H),
2.35-2.30 (m, 2H), 1.35-1.26 (m, 2H), 1.12-1.06 (m, 2H), 0.84 (t, 3H, J = 7.32). 13C NMR
(CDCly): 144.02, 128.23, 127.42, 126.84, 82.58, 50.46, 36.36, 26.05, 22.87, 13.80. MS m/z
(relative intensity) 283 (M*, 27), 237 (3), 226 (51), 180 (100), 77 (4). HRMS calcd for

CygH, |NO, 283.1573, found 283.1589.

2 2 Thtelnae ] M hcodnae ne oy Mo n F AN - "\ (67l 1!1 ANIRAD /T Ny Q TE /o Ll 11T

QyI=IZIPHCHYI-L=DULANVITC  UXINIC (44) mp 1 o Il INIVIIN (\.JJL:I:;) 0./0 \d DI, 111},
7.32-7.18 (m, 10H), 1.91 (s, 3H), 1.77 (s, 3H). 13C NMR (CDCly) 162.35, 145.01, 128.37
128.06, 126.48, 54.54, 27.33, MS m/z (relative intensity) 239 (M, 48), 222 (100), 165
(32)Y 103 (26). 77 (20). Anal Calcd for C+-H:«-NQ: C. R0.30 7.16: N. 585. Found: C
A\~ jy AU (AU, \&v) FIGL b VL AR TANN . Ny Ny Ay Ly A%, .U Je A VW oy
80.10; H, 7.28; N, 6.25

Pl rr oaTe

3,3-Diphenyi-2-hexanone Oxime (4b): mp 117-1i8 °C. 'H NMR (CDCliy): 7.33-7.22 (m,

10H), 2.32-2.28 (m, 2H), 1.72 (s, 3H), 1.07-0.99 (m, 2H), 0.84 (t, 3H, J = 7.33). 13C NMR
s

(ralative intancity) 267 (MT S0y 2850 (100Y 238 (D1Y 208 98y 1A4 (DAY  Anal (Caled for
\l\/luLlV\/ llll\-«ll‘lLJ} —\J1I \LVL £y J\I” NI \IUUI’ i ot P \l.rl}’ T \LU}, AVUTT \&U!. L£RRiIAL. Aaiuvug Lul
~ Y ATM. M ONOL. IT 7T 0. N1 & MA TasssmAd. £ ON AN IT 7T0O1. N[ & 24
L1 NUL L, 0U.005 1, /.52 N, 5.24. FOUNG: L, oU.45, i, /.71, IN, 3.50.
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2,2,3-'l\'iphenyl-propanohydroximoyl Phenoxide (4c): mp 182-183 °C. IH NMR

rf e nYall AN, O 4N 1_‘ ) S 1YW —l l n"’ £ [ ] — 3 "‘ = ~ A
(CDCl3): 8.43 (s br, 1H), 7 7 (m, 18H), 6.74 (dd, 2H, J = 7.81, 7.32), 3.81 (s, 2H).

NMR (CDCly): 172.54, 159.53, 141.10, 137.09, 131.30, 129.43, 129.36, 128.33, 127.55,
127.48, 126.30, 122.89, 112.99, 62.08, 44.37. MS m/z (relative intensity) 393 (M*, 3), 302 (44),
257 (100), 208 (79), 179 (84), 165 (75), 91 (88), 77 (20). Anal. Calcd for Co7H,3NO;: C, 82.42;
H, 5.89; N, 3.56. Found: C, 82.13; H, 5.88; N, 3.45.

Z-2,2-Diphenylpropanohydroximoyl Phenoxide (4d): mp 137-138 °C. 1H NMR

(CDCl3): 8.23 (s br, 1H), 7.39-6.93 (m, 15H), 2.07 (s, 3H). 13¢ NMR (CDCl3): 173.41, 159.48,
143.68, 129.47, 128.76, 128.02, 127.42, 123.03, 113.10, 55.70, 27.15. MS m/z (relative
intensity) 317 M*, 17), 224 (7), 181 (100), 165 (22), 103 (8), 77 (2). HRMS calcd for
Cp1HgNO, 317.1412, found 317.1410. Anal. Calcd: C, 79.46; H, 6.04; N, 4.42. Found: C,

17"~ 47"
78.73; H, 6.04; N, 4.40.

E-2,2-Diphenyipropanohydroximoyi Phenoxide (4d): mp 148-149 °C. ‘H NMR
(CDCly): 7.38-7.21 (m, 10H), 7.11 (¢, 2H, J = 8.30), 6.91 (t, 1H, J = 7.32), 6.61 (d, 2H, J =
8.30), 1.96 (s, 3H). 3¢ NMR (CDCl3) 156.99, 155.53, 144.36, 128.81, 128.39, 128.02,

126.80, 122.21, 115.57, 53.67, 26.80. MS m/z (relative intensity) 317 (M*, 100), 300 (5)

AV L \Lvak

3-Methyl-2,2-diphenylbutanohydroximoyl Phenoxide (4e): mp 159-160 9C. IH NMR
(CDCl3): 8.42 (s br, 1H), 7.57-7.23 (m, 10H), 7.14 (t, 2H, J = 7.32), 6.94 (t, IH, J= 7.32), 6.63
(d, 2H, J = 7.81), 3.39 (hep, 1H, J= 6.84), 0.87 (d, 6H, J= 6.84). 13c NMR (CDCl3): 172.81,
159.68, 139.91, 130.05, 129.30, 128.10, 127.26, 122.72, 112.84, 64.45, 31.72, 18.88. MS m/z

.................. Ay OAK At hY ’)I\f\ ’7\ r\r\n 'ara'aly 1£58

(relative intensity) 345 (M™, 3), 302 (3), 209 (100), 165 (27), 131 (26), 105

HRMS calcd for CpyHy3NO, 345.1729, found 345.1733,
1-Nitro-2,3-diphenylpropane (5a):23 H NMR (CDCl3): 7.30-7.05 (m, 10H), 4.60 (dd,

1H, J=11.23, 5.86), 4.55 (dd, 1H, J = 11.23, 6.83), 3.73 (quint, 1H, /= 7.81), 3.01 (dd, 1H, J

= 13.67, 7.81), 2.94 (dd, 1H, J = 13.67, 7.81). 13¢c NMR (CDC13): 139.05, 137.75, 128.99
172 70 199 82 177 &N 127 A4 17472 70 40 4501 20 Q72 Anal Calad fae . I NN O
1£8.77, 1£0.34, 1£1.0V, 14585, 120.7i3, /745, 53.71, J7.53. Hlidl LaiCa 10T LjsrajsNuUy. L
TAELT- LT £°97. N £QN TCoannde £ 7TA7T7. 1T £1245. N] £ &

14.07; 11, U.4/, 1IN, J.0U. ©OUNG. ., /4.7/, 11, 0,20, 1Y, J.7J.
AE Voo s o
£

1-Nitro-2-phenylpropane (55):‘“’ 'H H NMR (CDCl3): 7.34-7.20 (m, 5H), 4.53 (dd, 1H,
J=12.20, 7.33), 4.46 (dd, 1H, J = 12.20, 8.30), 3.64-3.58 (m, 1H), 1.36 (d, 3H, J = 6.84).
13¢c NMR (CDCly): 140.86, 128.94, 127.53, 126.87, 81.81, 38.61, 18.70. HRMS calcd for

CgH{{NO, 165.0790, found 165.0790. Anal. Calcd for CqH{NO,: C, 65.44; H, 6.71; N, 8.48.
Found: C, 65.15; H, 6.72; N, 8.18.

1T Nideen VI b lenantana /84N 25 ].U NAMD /T N\ 77 AL T VL [y &L A CA 7331 VLT ) -

1=-INIFO-&-pii€nyipeniane (sS¢) aNNMR(CUCLY). [.40-7.40 1, o), 404 (GG, 1n, J =
1N 4N ~ AN A &N s 11 1YY r 1N AN - AAN A MO N Mo TYN 1 ol ATT S Ya k]
1v4Y, 7.32), 4.00 (A4, 1H, J = 1U.4Y, /.3Z), 3./8-5./0 (m, I1), 1.0U-1.00 (m, ZKH), 1.3U-1.2Y

(m, 2H), 1.25 (t, 3H, J= 7.32). 13C NMR

~

CDClg): 144.55, 133.86, 132.25, 85.96, 49.11,
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3-Methyl-1-nitro-2-phenylbutane (5d): 1H NMR (CDCl3): 7.28-7.07 (m, SH), 4.69 (dd,
1H, J = 12.46, 5.86), 4.58 (dd, 1H, J = 12.46, 9.77), 3.20-3.14 (m, 1H), 1.92-1.87 (m, 1H),

0.95 (d, 3H, J = 6.35), 0.75 (d, 3H, J = 6.84). 3¢ NMR (CDCl3): 138.63, 128.50, 128.06,

127.35, 78.99, 50.96, 31.26, 20.53, 20.16. MS m/z (relative intensity) 193 (M*, 4), 146 (100),
» 193.1103, found 193.1099.

131 (34), 104 (97), 91 (39), 77 (6). HRMS caicd for L“HISN
7; 7N, 7.11.

Anal. Caicd: C, 68.3 H,’/‘SZ N, 7.25. Found: C, 68.99; H, 7
3,3-Dimethyl-1-nitro-2-phenylbutane (5¢): mp 64-65 °C. 1H NMR (CDCly): 7.32-7.17

(m, 5H), 4.84 (dd, 1H, J= 12.69, 5.61), 4.80 (dd, 1H, J= 12.69, 4.88), 3.67 (dd, 1H, J= 5.61,

4.88), 0.95 (s, 9H). 13C NMR (CDCly): 137.53, 129.03, 128.12, 127.38, 77.31, 54.29, 33.66,

=y 722

\l C)

27.99. MS m/z (relative intensity) 207 (MT 6), 145 (12), 104 (100), 77 (5), 57 (61). HRMS calcd
for Cy{H|5NO, 193.1103, found 193.1099. Anal. Caled for CoH7NO,: C, 69.54; H, 8.27; N,
6.76. Found: C, 69.76; H, 8.35; N, 6.76.

1-Nitro-3-phenyl-2-(2-thienyl)propane (5f): IH NMR (CDCl3): 7.30-6.80 (m, 8H), 4.57
(d, 2H, J = 7.32), 4.40 (quint, 1H, J = 7.32), 3.09 (dd, 1H, J= 13.92, 7.32), 3.01 (dd, 1H, J=

13.92, 7.32). 13C NMR (CDCly): 141.96, 137.35, 128.96, 128.63, 126.98, 125 ,‘5, 124.53,
79.98, 41.27, 40.79. MS m/z (relauve intensity) 247 (6), 200 (71), 110 (87), 91 (100). Anal.
Calcd for Cy3H3NO,S: C, 63.14; H, 5.30; N, 5.66. Found: C, 63.48; H, 5.42; N, 568

2-(2-Furyl)-1-nitropentane (5g): mp 64-65 °C. IH NMR (CDClg): 7.35 (d, 1H, J =
1.95), 6.30 (dd, 1H, J=2.93, 1.95), 6.14 (d, 1H, J=2.93), 4.65 (dd, 1H, J= 12.21, 7.82), 4.52
(dd, 1H, J = 12.21, 6.84), 3.63-3.58 (m, 1H), 1.76-1.69 (m, 1H), 1.64-1.55 (m, 1H), 1.32-1.31

(m, 2H), 0.92 (t, 3H, J = 7.32). 13C NMR (CDCl4): 152.58, 142.09, 110.19, 107.16, 78.52
37.68, 33.02, 19.96, 13.65. Anal. Calcd for CgH 3NO3: C, 59.00; H, 7.15; N, 7.65. Found: C,
59.04; H, 7.23; N, 7.50.

2-(4-fluorophenyl)-1-nitropentane (5h): 1H NMR (CDCl3): 7.17-6.98 (m, 4H), 4.55 (dd,
IH, J = 12.20, 7.33), 448 (dd, 1H, J = 12.20, 8.30), 3.49-3.41 (m, 1H), 1.66-1.59 (m, 2H),
1.24-1.15 (m, 2H), 0.89 (t, 3H, J = 7.32). 13C NMR (CDCl3): 161.98 (d, J= 244.5), 135.19,
128.97 (d, J= 7.4), 115.68 (d, J= 22.0), 80.86, 43.33, 35.08, 19.94, 13.58. MS m/z (relative
intensity) 211 (M*, 15), 164 (64), 149 (37), 136 (100), 122 (36), 109 (41). Anal. Calcd for
CyH4NOgF: C, 62.55; H, 6.68; N, 6.63. Found: C, 62.55; H, 6.84; N, 6.94.

3-Methyl-1-nitro-2-(4-trifluoromethoxyphenyl)butane (5i): Iy NMR (CDCly): 7.20-
7.15 (m, 4H), 4.75 (dd, 1H, J = 12.21, 5.37), 4.61 (dd, 1H, J = 12.70, 10.26), 3.27-3.24 (m,

1H), 1.94-1.91 (m, 1H), 0.99 (d, 3H, J = 6.84), 0.78 (d, 3H, J = 6.84). 13¢ NMR (CDCI )
9 &

41 AVAEN RN LA

148.45, 137.37, 129.41, 120.98, 120.36 (q, J= 257.4), 78.81, 50.39, 31.34, , 20012, M
m/z (relative intensity) 193 (4), 146 (100), 131 (34), 104 (97), 91 (39), 77 (6). HRMS calcd for
C11H5NO; 193.1103, found 193.1099. Anal. Calcd for C;oH4yNO3F5: C, 52.20; H, 5.37; N,
I Q-
- -t =]
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3,3-Dimethyl-1-nitro-2-[4-(N, N-diethylamino)phenyl]butane (5j): mp 67 °C. !H
NMR (CDCl1): 6.99 (d, 2H, J= 8.78). 6.97 (d, 2H, J= 8.78). 4.77-4.74 (m. 2H). 3.34 (q. 4H. J
A VAVRAN \\,w\/;j/. Vel S \Mhy dwidy v Vi Uyy Vel i \My &dxy v Ce iU Jy Wl 17707Y \Mlhy &dd)y JuIT \Yy Tily v

= 7.33), 3.22 (dd, 1H, J = 9.77, 6.35), 1.16 (1, 6H, J = 7.33), 0.93 (s, 9H). 13CNMR (CDCl3):
147.04, 129.85, 123.84, 111.22, 77.44, 53.52, 44.16, 33.88, 27.99, 12.61. MS m/z (relative
intensity) 278 (M, 43), 263 (4), 175 (100), 160 (31), 57 (7). Anal. Calcd for C|gHp4N»Oy: C,
69.03; H, 9.41; N, 10.06. Found: C, 69.26; H, 9.52; N, 10.07.

1-Nitro-3-phenyl-2-(4-methoxyphenyhpropane (5k): 'HNMR (CDCl3): 7.26-6.81 (m,
SH), 4.56 (d, 2H, J = 7.81), 3.70 (s, 3H), 3.73-3.67 (m, 1H), 2.96 (dd, 1H, J = 12.70, 7.81),
2.93 (dd, 1H, J = 12.70, 7.32). *°CNMR (CDCly): 158.95, 137.92, 130.95, 129.03, 128.50,

, 45.23, 40.04. MS m/z (relative intensity) 271 (M+ 6), 200
17NO7: C, 70.83; H, 6.32; N, 5.16. Found: C, 69.95,

2-(1-Naphthyl)-1-nitropentane (51): IHNMR (CDCl3): 8.03-7.16 (m, 7H), 4.46-4.44 (m,
2H), 4.34-4.22 (m, 1H), 1.66-1.64 (m, 2H), 1.09-1.03 (m, 2H), 0.67 (t, 3H, J = 7.32). B3¢
NMR (CDCly): 135.45, 133.95, 131.61, 129.01, 127.80, 126.43, 125.68, 125.37, 123.42, 80.34,

37.52, 35.01, 20.05, 13.76. MS m/z (relative intensity) 243 (Mt 85), 196 (24), 167 (43), 153
(69), 141 (100), 115 (28). HRMS calcd for Cy5H7NO,: 243.1259, found 243.1269. Anal
Calcd: C, 74.05; H, 7.04; N, 5.76. Found: C, 73.25; H, 7.13: N, 5.77

2-(1-Naphthyl)-1-nitropropane (5m): 1H NMR (CDCl3): 8.10-7.28 (m, 7H), 4.64-4.41
(m, 1H), 4.45-4.38 (m, 2H), 1.43 (d, 3H, J = 6.35). 13¢c NMR (CDCl,): 136.49, 133.88,

[

130.75, 129.08, 127.93, 126.60, 125.77, 125.30, 122.87, 122.08, 81.11, 32.94, 18.13. MS m/

...... VLT PO I N 1L.OVy 144,07 . Iy vy 1.

(relative intensity) 215 (M"' 8S), 169 (89), 153 (81),141 (100), 128 (31), 115 (30). Anal. Calcd for

C13H|3NO,: C, 72.54; H, 6.09; N, 6.51. Found: C, 72.28; H, 6.28; N, 6.31.
1-Nitro-2-(N-phenyl-3-indolyl)-3,3-dimethylbutane (5n): mp 138-140 °C. IH NMR

(CDCly): 7.67-7.15 (m, 10H), 4.88 (dd, 1H, J= 12.21, 4.88), 4.80 (t, 1H, J= 12.21), 3.86 (dd,

1H, J=12.21, 4.88), 1.05 (s, 9H). 13CNMR (CDCl3) 139.49, 135.70, 129.74, 129.60, 126.51,
125.57, 124.38, 122.57, 120.27, 119.67, 113.96, 110.45, 77

95, 45.36, 34.39, 28.08. MS m/z
(relative intensity) 322 (M*, 21), 265 (10), 219 (100), 115 (2), 57 (11). Anal. Calcd for
CpoHp2N,0y: C, 74.51; H, 6.88, N, 8.69. Found: C, 74.61; H, 6.90; N, 8.72.

3. General Procedure for the Preparation of Hydroximoyl Halides 6a-1 and 8a-t
or Nitrile Oxides 7a-g by Using of the Concentrated Aqueous HX (equations 3, 4
and Tables II, III).

(a) Grignard reagents method: The preparation of 6a from 1a will serve to illustrate the
general procedure utilized. 1,1-Diphenyl-2-nitroethene 1a (2 mmol) in 10 mL dry ether or THF was
added to 10 mmol of benzylmagnesium chloride in 30 mL of ether or THF at -20 °C. Within 10

min, the solution was slowly added to the ice cold concentrated hydrochloric acid. A blue or green
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color was always observed during the addition. After stirring 30 min, the solution was extracted
with CH»Cly, dried over MgS0y, filtered and concentrated to give the hydroximoyi chioride or the
nitrile oxide. The yield (95%) was based on NMR by using toluene or dibromomethane as an
internal standard. The residue was purified by flash column chromatography on silica gel using
hexane-ethyl acetate as eluent to obtain the pure product 6a.

(b) Organolithium reagents method: The preparation of 81 from 2a will serve to illustrate

the general procedure utilized. trans §-Nitrostyrene 2a (2 mmol) in 10 mL dry ether or THF was

a
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addition. After stirring 30 min, the solution was extracted with CH,Cl,, dried
¢ the

e hydroximoyl chloride. The yield (90%) was based
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on l‘l VIR [)y usmg lUIUCIIE or U]DYU[IlUmCLﬂdH as an lIllCI'Ild.l bIdl’l(ldr(] The residue was purlrlea Dy

over MgSO4, filtered and concentrated to giv

1 1

flash column chromatography on silica gel using hexane-ethyl acetate as eiuent to obtain the pure

»2,3-Triphenylpropanohydroximoyl Chloride (6a): mp 167-169 °C. IH NMR

(CDCl3): 7.66 (s br, 1H), 7.26-6.99 (m, 13H), 6.68 (d, 2H, J = 7.32), 3.79 (s, 2H). 13C NMR
(CDCls): 146.34, 140.97, 136.91

131.13. 130.05
Wwg) 154004 / , 134,12, 12VU2

’ ’

62.19, 45.07. MS m/z (relative intensity) 337 (M+2)*, tr), 335 (M, tr), 300 (100), 282 (62), 257

(21), 222 (11), 208 (19), 178 (7), 165 (3), 131 (26), 105 (2), 91 (8). Anal. Calcd for
CyH1gNOCL: C, 75.11; H, 5.40; N, 4.17. Found: C, 75.05; H, 5.38; N, 4.02.

2,2-Diphenylpentanohydroximoyl Bromide (6b): mp 115-116 °C. IH NMR (CDCl3):
7.90 (s br, 1H), 7.35-7.24 (m, 10H), 2.49-2.41 (m, 2H), 1.65-1.21 (m, 2H), 0.87 (t, 3H, J =

& aky 130 nnam oo

U. 7). o LNLlVIEN (\_4 142-}.5, 129.55, 127.85, 1”6 97, 61

277
LTIy ULl.J}

bo

A A2 1Q AG 14 22
s L3, 1047, 14.00.

MS m/z (relative intensity) 333 (M+2)™, 23), 331 (M*, 24), 252 (20), 235 (50), 208 (100), 192

(48), 178 (94), 165 (70), 143 (41), 117 (47), 91 (45), 77 (10). Anal. Calcd for Cy7H;gNOBTI: C,
61.47; H, 5.46; N, 4.23. Found: C, 61.82; H, 5.34; N, 4.06.
3-Methyl-2,2-diphenylbutanohydroximeyl Bromide (6c¢): This compound underwent
dehydrobromination to generate nitrile oxide 7 ¢ during the flash column chromatography and only
trace peak of 331 was observed in GCMS. The crude 1H-NMR contained two peaks at (8) 3.4
t, J= 6.6) and (.81 (d, J = 6.6) which were believed to belon

s 2 T ~  lir w

2,2,3-Triphenyipropanohydroximoyi Bromide (6d): mp 156-158 °C. H N
(CDCly): 7.89 (s br, 1H), 7.25-6.99 (m, 13H), 6.67 (d, 2H, J = 7.32), 3.82 (s, 2H); 3¢ NMR
(CDCly): 142.02, 141.07, 137.08, 131.19, 130.19, 127.59, 127.41, 127.14, 126.41, 63

-Diphenylpropanohydroximoyl Chloride (6e): mp 136 °C. IH NMR (CDCl3): 8.26
(s br, 1H), 7.40-7.17 (m, 10H), 2.09 (s, 3H). 13¢c NMR (CDCly): 147.86, 143.71, 128.33,

N
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N
V,
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N
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)

(16) 24
(40). An
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5.28.
2,2-Diphenylpropanochydroximoyl Bromide (6f): mp 145 °C. 1H NMR (CDCl3) 843 (s
br, 1H), 7.38-7.20 (m, 10H), 2.09 (s, 3H). 13c NMR (CDCly): 143.85, 142.76, 128.47, 128.13,

B
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127.07, 57.03, 29.07. MS m/z (relative intensity) 305 (M+2)*, 11), 303 (M*, 11), 224 (4), 222
(7), 207 (50), 193 (100), 178 (66), 165 (45), 115 (92), 77 (21). Anal. Calcd for Ci5H4NOBr: C,
59.23; H, 4.64; N, 4.60. Found: C, 59.70; H, 4.75; N, 4.37.

2,2-Diphenylpropanohydroximoyl Iodide (6g): mp 173-174 °C. IH NMR (CDCly):

Q12 ke 1L\ "7 24 7 (o 2N l3r~u\n>/nnr~ N 142 Q1
8.35 Of, i}, /.54-/ (S, orij. CIANMR (LLULig): 145.01,

21 ¢ ~
A /

W
7
—
18]

212 £1 19Q
JI.21, 140,

e
Ju—
<o
-
(e
S’
o

(
128.06, 127.02, 57.78, 30.48. MS m/z (relative intensity) 351 (M*, 1), 224 (100), 193 (98), 178
(63), 165 (50), 115 (56), 77 (12). Anal. Caled for CysH14NOL: C, 51.30; H, 4.02; N, 3.99.
Found: C, 51.52; H, 3.99; N, 3.81.

2,2-Diphenylpentanchydroximoyl Chloride (6h): mp 136 °C. 1H NMR (CDCl3): 7.70
br, 1H), 7.37-7.25 (m, 10H), 2.44-2. 40 (m, 2H), 1.13-1 (m, 2H), 0.87 (t, 3H, J = 7.32)

4 AL, MAEJe VUL by

<
00

y 41Xy \ERLy LVURR)Jy & ¥ ¥ dus \iiky &ik],

<

35

gy s
<

LNMR(LJ)L13) 147.01, 141.94, 129.30, 127.82, 126.95, 60.45, 41.63, 18.44, 14.40. MS

m/z (relative intensity) 289 (M+2)*, 18), 287 (M¥, 59), 272 (15), 270 (43), 246 (15), 244 (47),
208 (100), 178 (66), 165 (83), 143 (23), 117 (24), 91 (25), 77 (12). Anal. Calcd for
Cy7HgNOCI: C, 70.95; H, 6.30; N, 4.87. Found: C, 71.05; H, 6.26; N, 5.07.

2,2-Diphenylpentanohydroximoyl lodide (6i): This compound was quite unstable and
converted into nitrile oxide after column purification. Only trace peak of 379 was observed in MS
which was believed to belong to the molecular weight of this compound.

2 Mathol Y Y Ainhanvihntoanahvdravimavl Chlawnida 7£3) e 124 O Iy anap

- l'lcbll]l b,b unpucuyluutauuuyunUz\uuu.yl L 11RUL IUT \U } lllp 190 L 1 1NIVIIN
(CDClg): 7.97 (s br, 1H), 7.46-7.23 (m, 10H), 3.36 (sept, 1H, J = 6.83), 0.81 (d, 6H, J = 6.83).
13¢c NMR (C DC13) 147.18, 139.29, 130.77, 127.33, 126.98, 65.01, 31.81, 18.89. MS m/z
(relative intensity) 289 (M+2)*, 10), 287 (M, 31), 246 (28), 244 (97), 228 (33), 208 (100), 192
(93). 178 (49). 165 (85). 152 (12). 115 (9). 105 (8). 77 (5). HRMS caled for C:~Hio 1
[ 5 PO Ty 2VUY \UJJy dAvde (db)y 1i0 \FJy LVUT \YU)y 11 (V) ARIRAVID VRIVG 1V ARV
287.1077, found 287.1101. Anal. Calcd: C, 70.95; H, 6.30 N, 4.87. Found: C, 70.76; H, 6.31;

2,2-Diphenylhexanohydroximoyl Chioride (6k): mp 124 °C. 1H NMR (CDCl3): 7.64 (s
br, 1H), 7.31 (s, 10H), 2.49-2.41 (m, 2H), 1.34-1.20 (m, 2H), 1.14-0.99 (m, 2H), 0.82 (t, 3H, J
2). 13¢c NMR (CDClg) 147.02, 142.08, 129.40, 127.88, 126.98, 60.39, 39.21, 27.16,
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br, 1H), 7.32 (s, 10H), 2.51-2.43 (m, 2H), 1.34-1.20 (m, 2H), 1.15-1.03 (m, 2H), 0.82 (t, 3H, J
= 7.20). 13c NMR (CDCla): 142.55, 142.16, 129.57, 127.85, 126.96, 61.31, 39.99, 27.25,

Cl3):
23.05, 13.83. MS m/z (relative intensity) 347 (M+2)*, 7), 345 (M*, 7), 266 (23), 249 (18), 223

(16), 131 (100), 77 (15), 57 (3). HRMS calcd for C;gHgNOBr 347.0708, found 347.0713; calcd
345.0728, found 345.0703.

2,2,3-Triphenylpropanenitrile Oxide (7a): mp 155-156 °C. 1H NMR (CDCl3): 7.35-7.17
fws 121y £ Q1 74 N Yy — 729 2N f« DL 13(" AMAD /CTYI_Y. 141 20 128 N2 112N VK
ik, 1o11), V.01 (U, Ll1, J — [.04), J./VU >, &l1). o INLIVLIIN \LU\/IB) 191.07, 1J9J.VU0, 1IOU.LU,
128.65, 128.08, 127.88, 127.27, 54.43, 46.72. MS m/z (relative intensity) 299 9 (M, tr), 282 (10),
257 (21), 208 (42), 178 (46), 165 (26), 91 (12). IR (cm'l) 2924, 2286, 1491, 1450, 702; UV
(nm) 259. Anal. Calcd for Cr1H{7NO: C, 8 84.25; H, 5.72; N,4.68. Found: C, 8444; H, 598; N,
4.83
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3-Methyl-2,2-diphenylbutanenitrile Oxide (7c): mp 64 °C. 1§ NMR (CDCl3): 7.44-
, 2.98 (sept, 1H, J = 6.35), 1.07 (d, 6H, J = 6.35). 13C NMR (CDCl3): 141.25,

\ N AL /R A

MS m/z (relauve 1ntensuy 2 \V

, 5)
(47), 77 (5). HRMS calcd for C{7H{7NO 251.
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found 251 1310. Anal. Ca lcd C, 81.24; H, 6.82; N, 5.57. Found: C, 81.24; H, 6.71; N, 5.95.
3,3-Dimethyl-2,2-diphenylbutanenitrile Oxide (7d): mp 108-110 °C. IH NMR
(CDCly): 7.41-7.26 (m, 10H), 1.29 (s, 9H). 13C NMR (CDCly): 140.62, 129.40, 127.95

127.37, 62.37, 39.69, 28.50. MS m/z (relative intensity) 266 (M+1)¥, tr), 235 (1), 208 (2), 192
(100), 165 (26), 152 (4), 91 (2), 77 (1), 57 (10). Anal. Calcd for CjgHgNO: C, 81.47; H, 7.22;
N, 5.28. Found: C, 81.25; H, 7.16; N, 5.60.

2,2-Diphenylpentanenitrile Oxide (7e): mp 73-74 °C. 1H NMR (CDCly): 7.36-7.25 (m,
10H), 2.38-2.34 (m, 2H), 1.41-1.36 (m, 2H), 0.96 (t, 3H, J= 7.33). 13c NMR (CDCly): 141.78,

128.77, 127.71, 126.78, 53.23, 42.91, 19.30, 13.91. MS m/z (relative intensity) 251 (M*, 8), 221
(21), 208 (96), 178 (100), 165 (35), 143 (53), 117 (70), 105 (16), 91 (53), 77 (7). Anal. Calcd for

Cj7H7NO: C, 81.24; H, 6.82; N, 5.57. Found: C, 81.09; H, 6.90; N, 5.50.
Cyclohexyldiphenylethanenitrile Oxide (7f): mp 115 °C, TH NMR (CDCl3): 7.41-7.19
(m, 10H), 2.56-1.24 (m, 11H). BeN R (CDCig): 140.99, 128.86, 127.51, 126.76, 59.71,

45.63, 29.48, 26.25, 25.90. MS m/z (relative intensity) 291 (M ¥, 3), 274 (8), 192 (100), 178 (21),

165 (69), 91 (8), 77 (4). Anal. Calcd for CooHy NO: C, 82.44; H, 7.26; N, 4.81. Found: C,
82.12; H, 7.23; N, 4.74.

811
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2,2-Diphenylhexanenitrile Oxide (7g): HNMR (CDCl3): 7.37-7.23 (m, 10H), 2.42-2.34
(m, 2H), 1.38-1.26 (m, 4H), 0.88 (t, 3H, J= 6.40). 13C NMR (CDCl3): 141.80, 128.78, 127.71,

126.78, 53.15, 40.47, 27.92, 22.49, 13.70. MS m/z (relative intensity) 265 (MY, 4), 223 (6), 208
(62), 178 (52), 165 (26), 131 (100), 115 (16), 91 (26), 77 (5). HRMS calcd for C1gH1gNO
265.1467, found 265.1471.

3-Methyl-2-phenylbutanohydroximoyl Chloride (8a): mp 136 °C. IH NMR (CDCl3):

7.31-7.24 (m, 5H), 3.39 (d, 1H, J= 10.74), 2.50-2.41 (m, 1H), 1.06 (d, 3H, J = 6.84), 0.76 (d,
3H, J = 6.84). 13C NMR (CDCly): 144.61, 138.22, 128.77, 128.56, 127.49, 60.27, 29.89,

21.06, 20.45. MS m/z (relative intensity) 213 (M+2)*, 21), 211 (M*, 69), 169 (55), 125 (49),
115 (100), 91 (33), 77 (11). HRMS calcd for C| {H{4NOCI 211.0764, found 211.0765.

3-Phenyl-2-(2-thienyl)propanohydroximoyl Chloride (8b): !H NMR (CDCl3): 8.20 (s
br, 1H), 7.25-6.94 (m, 8H), 4.42 (dd, 1H, J= 8.79, 6.84), 3.39 (dd, 1H, J= 13.68, 8.79), 3.22

(dd, 1H, J= 13.68, 6.84). 13C NMR (CDCl3): 143.04, 141.21, 137.72, 128.80, 128.41, 126.76,

126.71, 125.94, 124.92, 49.17, 39.77. MS m/z (relative intensity) 267 (M+2) ¥, 10), 265 ™M™,

27), 212 (11), 174 (74), 138 (24), 122 (28), 91 (100), 77 (4). HRMS calcd for Cy3H,NOSCI
265.0328, found 265.0328.

2-(2-Thion

-7\“7lul\ruy
7.22 (d, 1H, J = 3.0), 6.99-6.96 (m, 2H), 4.27 (q, 1H, J = 7.20), 1.64 (d, 3H, J = 7.20). 3c
NMR (CDCly): 144.95, 143.21, 126.85, 125.28, 124.75, 41.78, 19.38. MS m/z (relative

intensity) 191 (M+2)*, 27), 189 (M™*, 71), 175 (11), 173 (35), 143 (50), 136 (24), 111 (100), 77
(12). HRMS calcd for C 9

o
el

»n
LU

y yi Chioride (8dj: ‘H! R(CDCly): 7.20 (d, 1H, J=
3.91), 6.96 (dd, 1H, J = 3.91, 3.21), 6.93 (d, IH, J= 3.21), 4.45 (dd, 1H, J= 8.30, 6.83), 2.08
(m, 1H), 1.90 (m, 1H), 1.35 (m, 2H), 0.92 (1, 3H, J = 7.33). 13C NMR (CDCl3): 143.40,
142.27, 126.67, 125.46, 124.57, 46.81, 35.52, 20.31, 13.60. MS m/z (relative intvensity)219
(M+2)*, 18), 217 (M™, 46), 175 (35), 173 (100), 138 (19), 131 (22), 122 (26), 97 (34). HRMS

calcd for \,gn12NOSC} 217.0 UJ/.o, found 217.0330.

3-Methyl-2-(2-thienyl)butanohydroximoyl Chloride (8e): Iy NMR (CDCl3): 8.32 (br
s, 1H), 7.13 (d, 1H, J= 3.47), 6.90 (dd, 1H, J= 3.47, 3.42), 6.87 (d, 1H, J= 3.42), 3.65 (d, 1H,
J = 10.25), 2.34-2.22 (m, 1H), 0.96 (d, 3H, J = 6.34), 0.81 (d, 3H, J = 6.34). 13c NMR
(CDCl,): 143.96, 140.94, 126.62, 126.33, 124.85, 54.99, 31.97, 20.90, 20.42. MS m/z (rel

3/ 1£0.00, 1 T 5 *. v, Y32
b,

imtanicifer) ) 1n AT NF 1O 217 anad Ay 1
intensity) 219 (M+2)™, 19), 217 (M™, 54), 1

(33). HRMS calcd for CgH ,NOSCI 217.0328, found 217.0318.
3,3-Dimethyl-2-(2-thienyl)butanohydroximoyl Chloride (8f): 1HNMR(CDC13): 7.82

(s br, 1H), 7.21 (d, 1H, J = 3.91), 7.01 (dd, 1H, J= 3.91, 3.42), 6.96 (d, 1H, J = 3.42), 4.01 (s,

1H), 1.09 (s, 9H). 13C NMR (CDCl3): 142.34, 138.54, 127.91, 12621, 124.93, 58.97, 35.56,



C.-F. Yao et al. / Tetrahedron 54 (1998) 791-822

28.30. MS m/z (relative intensity) 233 (M+2)%, 3), 231 (M™, 8), 177 (24), 175 (59), 158 (54),
122 (100), 57 (79). HRMS calcd for CoH 14NOSCI 231. ()485, found 231.0482

2-(2-Furyl)-3,3-dimethylbutanohydroximoyl Chloride (8g): 'H NMR (CDCig): 7.75
(s br, 1H), 7.36 (dd, 1H, J= 1.80, 1.00), 6.34 (dd, 1H, J= 3.40, 1.80), 6.26 (dd, 1H, J= 1.80,
1.00), 3.82 (s, 1H), 1.06 (s, 9H). !3C NMR (CDClg): 151.28, 141.51, 139.33, 110.18, 108.82,
55.70, 35.45, 28.17. MS m/z (relativi

142 (31), 123 (13), 106 (10), 9

€ d V177 NKO
1UUIU 41 7.U00

N 215 (M+2)1, 1), 213 (M, tr), 182 (4)

4P XV TA 2 TEY

tv)

wJ
57 (100). HRMS calcd for CjgH 14NO,Cl 217.0683,
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3,3-Dimethyl-2-(4-fluorophenyl)butanohydroximoyl Chloride (8h): g NMR

(CDCl3): 8.25 (s br, 1H), 7.31-6.97 (m, 4H), 3.58 (s, 1H), 1.03 (s, 9H). 13C NMR (CDCl3):
162.11 (d, J = 246.3), 141.23, 132.65, 131.61 (d, J = 7.3), 114.70 (d, J= 20.2), 64.29, 35.56,

o 3 P . S M
8.13. MS m/z (rek

o
~—
—t

[
FiN
N
~J
2
~—

123 (50), 109 (43), 95 (21), 57 (I
245.0804.

3-Methyl-2-(4-trifluoromethoxyphenyl)butanohydroximoyl Bromide (8i): 14 NMR
(CDCly): 8.87 (s br, 1H), 7.34 (d, 2H, /= 8.78), 7.15 (d, 2H, J=8.78), 3.48 (d, 1H, J= 10.75),
2.44 (m, 1H), 1.06 (d, 3H, J = 6.35), 0.77 (d, 3H, J = 6.35). 13C NMR (CDCl3) 148.54,
138.52, 136.82, 130.20, 130.17, 120.84, 120.44 (g, /= 257.4), 61.13, 30.70, 21.08, 20.34. MS
m/z (relative intensity) 341 (M+2)F, 5), 339 (M, 6), 299 (24), 217 (41), 200 (100), 175 (38), 115
(10), 69 (18). HRMS calcd for CyoH13NO,F3Br 341.0061, found 341.0040; calcd 339.0082,
found 339.0082.

3-Methyl-2-(1-naphthyl)butanohydroximoyl Chloride (8j): 1H NMR (CDClyg): 8.27 (s
br, 1H), 8.24-7.44 (m, 7H), 4.37 (d, 1H, J= 10.60), 2.66 (m, 1H), 1.18 (d, 3H, J= 6.40), 0.80

oL IL)s 1335 J = LWLULUV L0 [S5 B 1N LAY PR ALY

(d, 3H, J = 6.40). 13¢c NMR (CDClg): 144.32, 134.06, 133.45, 132.42, 129.03, 128.10, 126.39,
125.82, 125.55, 125.31, 123.03, 53.77, 30.19, 21.30, 20.38. MS m/z (relative intensity) 263
(M+2)F, 22), 261 (M™, 71), 220 (16), 218 (50), 204 (11), 202 (37), 183 (54), 166 (100), 152

(65), 139 (27), 127 (11), 115 (8). HRMS calcd for C{5H{gNOCI 261.0921, found 261.0911.

2-(N-Phenyl- 1-m_.,lyl) -3-methylbutanohydroximeyl Chloride (8k): IH NMR
(AOOTW™ . " "IE 77 (v 11T 2 077 71 1LY T . 1N LM D EL (e 1IIN 1 11 7.1 2TT T £ £Nny N NO
(LU /70-7, \ 1, 1ir1), 5.6/ \Q, 111, J = 1U.0V), 250 (ill, iK1), 1.12 (Q, 511, J = 0.0U), U.Y0

(d, 3H, J= 6.60). l?’C NMR (CDCl3): 144.52, 139.68, 135.91, 129.64, 128.71, 126.51, 126.44,
124.39, 122.65, 120.31, 11941, 113.97, 110.59, 50.85, 30.39, 21.17, 20.76. MS m/z (relative
intensity) 328 (M+2)*, 5), 326 (M*, 16), 290 (17), 285 (11), 283 (37), 260 (37), 247 (100), 231
(15), 204 (9), 165 (4), 77 (10). HRMS calcd for (’HQHmNaO(‘l 326.1185, found 326.1184.
2-Phenylpropanohydroximoyl Chloride (81): 1H NMR (CDCl3): 8.85 (s br, 1H), 7.28 (s,
5H), 3.96 (q, 1H, J=7.00), 1.54 (d, 3H, J= 7.00). 13c NMR (CDCly): 145.18, 139.95, 128.50,
127.38, 127.26, 46.57, 18.50. MS m/z (relative intensity) 185 (M+2)*, 30), 183 (M*, 92), 149

(11), 105 (100), 77 (26). HRMS calcd for CoH|opNOCI 185.0421, found 185.0420; calcd
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183.0451, found 183.0453.
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2-(2-Thienyl)hexanohydroximoyl Chloride (80): Iy NMR R (CDCly):

8.85 (s br, 1H),
7.21 (dd, 1H, J= 3.80, 2.40), 6.96 (d, 1H, J = 3.80), 6.93 (d, 1H, J= 2.40), 445 (

dd, 1H, J=

intensity) 233 ((M+2‘)“', 14), 231 (M+, 39), 196 (4), 174 (100), 57 (4). HRMS calcd for

C1oH 4NOSCI 233.0455, found 233.0449; calcd 231.0485, found 231.0488.
2-(2-Furyl)propanohydroximoyl Chloride (8p): IH NMR (CDCl3): 8.16 (s br, 1H), 7.37

(dd, 1H, J = 1.80, 0.80), 6.35 (dd, 1H, J = 3.20, 1.80), 6.22 (dd, 1H, J= 3.20, 0.80), 4.08 (q,

1.56 (d, 3H, J = 7.00). 13C NMR (CDCl3): 153.07, 143 10.38

—

IH, J = 7.00), , 143.11, 142.22, ,

106.86, 40.35, 16.15. MS m/z (relative intensity) 175 (M+2)*, 29), 173 (M*, 75), 158 (34), 138

(11), 120 (43), 95 (100), 77 (7), 55 (4). HRMS calcd for C;HgNO,Cl 175.0214, found 175.0215;
caled 173.0243, found 173.0241.

2-(4-Fluorophenyl)propanohydroximoyl Chloride (8q): 'H NMR (CDCl3): 9.90 (s br,
1H), 7.24 (dd, 2H, J = 8.40, 5.40), 6.99 (dd, 2H, J = 8.40, 5.40), 3.96 (g, 1H, J = 7.00), 1.53

(d, 3H, J = 7.00). 13c NMR (CDCl3): 162.02 (d, J = 246.6), 144.97, 135.80 (d, J = 3.0),
29.11 (d, J= 8.0), 115.39 (d, J = 21.8), 45.77, 18.47. MS m/z (relative intensity) 203 (M+2)*,

3), 201 (M*, 41), 166 (6)

I

o

148 (39)
2-(4-Fluorophenyl)hexanohydroximoyl Chloride (8r): IH NMR (CDCl3): 8.93 (s br,

1H), 7.26 (dd, 2H, J = 8.30, 5.40), 7.01 (dd, 2H, J = 8.30, 5.40), 3.78 (t, 1H, J = 7.60), 2.14-

2.04 (m, 1H), 1.88-1.79 (m, IH) 1.36-1.19 (m, 4H), 0.87 (d, 3H, J = 7.10). 13C NMR

d, J = 246.3), 144.89, 134.60 (d, J= 3.7), 129.54 (d, J = 7.4), 115.42 (d, J =

O s ] H .
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2-(4-Trifluoromethoxylphenyl)propanohydroximoyl Chloride (8s): IH NMR
(CDCl,): 8.50 (s br, 1H), 7.32 (d, 2H, J = 8.60), 7.18 (d, 2H, J = 8.60), 3.99 (g, 1H, J = 7.00)
- s JI e AY bl } =7 b St v My » v Mo Al

1.57 (d, 3H, J=7.00). 13c NMR (CDCl3): 148.58 (q, J= 1.9), 145.10, 138.79, 129.02, 121.17,

120.48 (d, J = 258.2), 46.14, 18.56. MS m/z (relative intensity) 269 (M+2)*, 12), 267 (M, 44),

233 (18), 214 (34), 189 (100), 78 (2), 69 (18). HRMS calcd for C1gHgNO,F3Cl 269.0244, found
269.0268; calcd 267.0274, found 267.0288.

P04 Triflunroamathavyvlnhanvhhavanahvdravimavl Ohlarida (24). O N

A T ¥T AR AERUR UluCtllUAJ l}.llcll.y IJUTAQUIUILYULIUAILIIIU YL LA111UL 1UT LOLJ. L1X LNLIVIRN \\.JJ\.JS}.

Q 55 (s L. 1XIN 77272 71 ALY 71 QAN 7 1Q 71 ALY T QM T ON f+ 11T 71 M LNy N AN N N

0.2 (50D, 1), /.23 (U, 2N, J = 8.2U}, /.10 U, 2I'l, J = 0.2U), 2.8V (|, 1IN, J= /.0U), L.LU-L.UL
1

(m, 1H), 2.20-2.02 (m, 1H), 1.93-1.79 (m, 1H), 1.40-1.20 (m, 4H), 0.88 (t, 3H, J = 6.80). 3¢
NMR (CDCly): 148.60 (q, J = 15) 144.36, 137.75, 129.46, 121.17, 120.47 (d, J = 258.0),

51.58, 31.96, 29.22, 22.26, 13.71. MS m/z (relative intensity) 311 (M+2)*, 4), 309 (M*, 14),
274 (23), 252 (44), 224 (6), 175 (100), 85 (3), 57 (12). HRMS calcd for Cy3H;

£
LIL 11Uy Lp ¥ AN Calu i5+

311.0714, found 311.0688; calcd 309.0743, found 309.0736.

4, General Procedure for the Prenaration of Carboxvlic Acids 9a-i

85% Sulfuric Acid (equation 4 and Table III). The preparation of 9a from 2a will serve to

illustrate the general procedure utilized. 3-Nitrostyrene 2a (2 mmol) in 10 mL dry ether or THF was

added to 10 mmol of benzylmagnesium chloride in 30 mL of ether or THF at -20 °C. Within 10

min, the solution was added to ice cold concd (85%) sulfuric acid and the solution was stirred 30
min. The solution was extracted with CHyCl,, dried over MgSQy, filtered and concentrated to give
the product 9a. The yield (31%) was based on NMR by using toluene or dibromomethane as an

internal standard. The residue was purified by flash column chromatography on silica gel using

hexane-ethyl acetate as eluent to obtain pure product. When substrate 1a was used, the isolated
products were hydroximoyl halides 6a-c and/or nitrile oxides 7a-d under the same workup

procedures.
2,3-Diphenylpropionic Acid (%9a): mp 77-78 °C. IH NMR (CDCl3): 7.19-7.07 (m, 10H),
3.84 (dd, 1H, J = 8.30, 7.32), 3.39 (dd, 1H, J = 13.68, 8.30), 3.01 (dd, 1H, J = 13.68, 7.32)

13c NMR (CDCl3): 178.79, 138.65, 128.88, 128.68, 128.35, 128.06, 127.60, 126.43, 53.28,

39.20. MS m/z (relative intensity) 226 (M+ 33), 178 (3), 165 (3), 118 (6), 91 (100), 77 (6).

Clallve 1CAINAY) 2

HRMS calcd for CysH 40, 226.0944, found 226.1006.
2-Phenyipropionic Acid (9b): mp 62 °C. g NMR (CDCl3): 11.98 (s br, 1H), 7.27-7.15
(m, 5H), 3.69(q, 1H, J = 7.32), 1.44 (d, 3H, J = 7.32). 13C NMR (CDCl3): 181.03, 139.52,

179 A2 1727780 127 1A AS 18 17 TA MS s/ (ralativa intancitu) 18N M+* £7V 172 2\ 10K
LL&G. &, 147,07, 1&i.J5, FJ.1J, 1/.719. V15 U \JC1iadve HIICHOBILY ) 10U vl , O/, 170 (3), 1UD
1NN 777 /30 TINAMMGO Anlad o 1T 1EN NQET £mizind 18N NLAL
(IUU), 77 (32). kvl CaiCca 101 \,9!'1 10\)2 13U.Ud01, 10U 1JuU.uUd/o

2-Phenylpentionic Acid (9¢): mp 77 °C. 1H NMR (CDCl3): 7.34-7.22 (m, 5H), 3.57(t,

1H, J= 7.82), 2.02-1.76 (m, 2H), 1.32-1.25 (m, 2H), 0.93 (¢, 3H, J=7.32). 13CNMR (CDCly)
180.62, 138.52, 128.61, 127.38, 51.34, 35.14, 20,64, 13,74, MS m/z7 (relative intensity) 178

vvvvvvvvvvvvvvvvvv 7.0, J12 Ty o LD
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178.0987.
3-Methyl-2-phenylbutionic acid (9d): mp 85 °C. HNMR (CDCly): 7.33-7.23 (m, 5H),

3.11(d, 1H, J= 10.25), 2.32-2.28 (m, 1H), 1.06 (d, 3H, J= 6.35), 0.68 (d, 3H, J = 6.35). 13C
NMR (CDCl3): 180.22, 137.81, 128.57, 128.48, 127.38, 60.10, 31.52, 21.42, 20.09. MS m/z
(relative intensity) 178 (M*, 59), 136 (100), 118 (35), 91 (31), 77 (3). HRMS calcd for Ci1H 140
178.0994, found 178.0989. R

3,3-Dimethyl-2-phen

5H), 2.91(s, 1H), 0.98 (s, 9H). 13¢ NMR (CDCl3): 171.51, 135.96, 129.83, 127.86, 127.26,

59.33, 34.74, 27.95. MS m/z (relative intensity) 192 (M, 2), 175 (14), 151 (100), 147 (69), 134

(44), 105 (59), 91 (58), 77 (7), 57 (16). HRMS calcd for Cy9H 40, 192.2600, found 192.2604.
2-(4-Fluorophenyl)propionic Acid (%f) 'H NMR (CDCly): 7.30-7.01 (m, 4H), 3.74 (q,

1H, J = 7.32), 0.98 (d, 3H, J = 7.32). 13c NMR (CDCl3): 180.58, 162.08 (d, J = 246.3),

135.36, 129.16 (d, J = 7.4), 11548 (d, J= 22.1), 44.56, 18.17. MS m/z (relative intensity) 168
(98), 123 (100), 103 (91), 77 (28). HRMS calcd for CgHgOQF 168.0587, found 168.0579.
3. Methyl-2-(4-trifluoromethoxyphenyl)butionic Acid (9g): IH NMR (CDCl,): 7.37-

EASI A R o e 2 R A R Y A 2P f3 3 8§ 22 L Y VAR AR

7.15 (m, 4H), 3.15(d, 1H, J= 10.25), 2.31-2.27 (m, 1H), 1.07 (d, 3H, J= 6.84), 0.70 (d, 3H, J

= 6.84). “’L NMR (CDCl3): 179.47, 145.28, 136.31, 129.93, 120.95, 120.22 (q, J= 257.4),

59.19, 31.79, 21.33, 20.03. MS m/z (relative intensity) 262 (M*, 56), 220 (100), 202 (39), 175
(88), 77 (19). HRMS caled for CjyH305F 262.0817, found 262.0812.

2-(1-Naphthyl)-3-phenylpropionic Acid (9h): HNMR (CDCl3): 8.11-7.15 (m, 12H),
H, J = 8.79, 5.86), 3.59 (dd, 1H, J = 13.92, 8.79), 3.45 (dd, 1H, J= 13.92, 5.86)

( 5 .86).
3CNM (CDClR): 179.40, 139.02, 134.28, 133.99, 131.33, 128.99, 128.80, 128.43, 128.21,

49, 125.70, 125.45, 125.19, 122.96, 48.65, 38.82. MS m/z (relative intensity) 276 (M*,
185 (97), 157 (19), 129 (33), 91 (76). HRMS calcd for CjgH g0, 276.1150, found

S AT, L2ANAVADY LaQaLa i e A i

3,3-Dimethyl-2-(1-naphthyl)butionic Acid (9i): IH NMR (CDCl3): 8.19-7.26 (m, 7TH),

4.54(d, 1H), 1.08 (s, 9H). 13c NMR (CDCly): 177.97, 133.97, 132.83, 131.97, 129.08, 128.01,
127.13, 126.18, 125.32, 124.80, 123.51, 52.99, 35.42, 28.13. MS m/z (relative intensity) 242

(M"' 28), 186 (100), 168 (36), 141 (41), 115 (7), 57 (20). HRMS calcd for C|,H g0, 242.1307,

tha D of C . P
f L Preparation of Compounds 1

and 11 ( {equation
5). To a sitrred solution of the nitroalkane 3a (2 mmol) in THF 20 mL, cooled to 0 °C, was added
potassium fert-butoxide (3 mmol) in THF 20 mL. After stirring 30 min, the solution was slowly
added to 85% aqueous HpSO,4 and stirred 30 min. The solution was extracted with CH,Cl, and
washed with brine, dried over MgSO 4 and the solvent was evaporated then the residue was purified
by flash column chromatography on silica gel using hexane/ethyl acetate as eluent to obtain pure
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- YL

nd 5% of unreacte smmng material 3a. When the same nitronate

2l T¥

was added to the concd HCI aqueous and workup as previously described to obtain 91% of 6a and
7% of unreacted starting material 3a.

o, o, B-Triphenylpropanohydroxamic Acid (10): mp 110-111 °C. IH NMR (CDCly):
8.44 (s, 1H), 8.21 (s, 1H), 7.25-7.03 (m, 13H), 6.79 (d, 2H, J = 7.33 ), 3.74 (s, 2H). 13C NMR
(CDCly): 172.06, 141.15, 137.13, 131.13, 129.27, 128.19, 127.61, 127.42, 126.41, 60.76,

44,12. MS m/z (relative intensity) 317 (M ™, 71), 285 (9), 257 (35), 226 (79), 198 (98), 178 (67),

165 (100), 91 (74), 77 (23). IR (cm™!) 3283, 1638. Anal. Calcd for CoHgNOy: C, 79.47; H,
6.03; N, 4.41. Found: C, 79.21; H, 6.16; N, 4.32.

2 Y. Ninha

ﬁ,ﬂ-ulvllc ly

8.34 (d, 2H, J = 7.32), 7.39-6.97 (m, 12H), 3.89 (s, 2H). 13c NMR (CDCly): 163.70, 145.91,
145.01, 132.96, 131.28, 125.78, 128.50, 128.08, 127.26, 126.45, 124.77, 59.13, 48.31. MS

m/z (relative intensity) 299 (M, 15), 282 (100), 265 (11), 204 (40), 165 (15), 140 (4), 77 (3).
NO: C, 84.25; H, 5.72; N, 4.68. Found: C, 83.86; H, 5.76; N, 4.65.

Anal Calcat 218 17NO0C, 84,20, B, 00740 N, 4.68. round: C, 83.60; 1,

E /

6. General Procedure for the Preparation of the 2-Isoxazoline by Reaction of
Nitrile Oxide with a Dipolarophile (equations 6 and 7). Nitrile oxide 7a (1 mmol) and
diethyl fumarate or diethyl maleate (3 mmol) in 20 mL THF reflux 2 hours then evaporated the
solvent to obtain oily mixture. The residue was purified by flash column chromatography on silica
gel using hexane/ethyl acetate as eluent to obtain pure product 12 (95%) or 13 (93%)

trans-4,5-Diethyl 3-(1,1,2-triphenylethyl)-2-isoxazoline-4,5-dicarboxylate (12)

(
H NMR (CDCl3): 7.36-6.55 (m, 15H), 5.19 (d, 1H, J = 4.39), 4.18 (g, 2H, J= 7.32), 3.91 (d,
1H, J = 4.39), 3.89 (d, 1H, J = 13.67), 3.81 (d, 1H, J = 13.67), 3.62-3.58 (m, 1H), 3.46-3.42
(m, 1H), 1.24 (t, 3H, J = 7.32), 0.92 (1, 3H, J = 7.32). 13CNMR (CDCl5): 168.88, 167.65,

159.28, 140.17, 139.53, 136.89, 131.21, 129.76, 129.63, 127.99, 127.59, 127.33, 127.20,
127.11, 126.12, 82.25, 62.11, 61.84, 58.05, 56.37, 45.67, 14.03, 13.36. MS (isobutane) m/z

ntivin tembamaiiy A7 RA NA
LIVC 1HLTIIS] y} G711Vl

a
o

m/z 472 (M+1%). HRMS calcd for CygHogNOsg 471.2045, found 471.2026. Anal. Caled:
73.87; H, 6.20; N, 2.97. Found: C, 73.24; H, 6.30; N, 2.83.

cis-4,5-Diethyl 3-(1,1,2-triphenylethyl)-2-isoxazoline-4,5-dicarboxylate (13): IH
NMR (CDCl3): 7.33-6.56 (m, 15H), 5.10 (d, I1H, J= 10.26), 4.19 (q, 2H, J=6.84), 391 (d, 1H,
J=10.26), 3.88 (d, I1H, J=13.67), 3.79 (d, 1H, J= 13.67), 3.52-3.45 (m, 2H), 1.25 (1, 3H, J =

6.84), 0.94 (t, 3H, J = 6.84). 13¢c NMR (CDCl3): 166.96, 166.41, 160.94, 140.33, 139.34,
136.82, 131.28, 129.94, 129.60, 128.12, 127.60, 127.42, 127.28, 127.22, 126.14, 82.10,
61.91, 61.57, 56.90, 56.61, 45.36, 13.98, 13.41. MS m/z (relative intensity) 471 (M*, 20), 380

(22), 307 (11), 278 (53), 233 (15), 204 (100), 165 (28), 91 (24), 77 (2). HRMS calcd for
CpgHgNOs 471.2045, found 471.2039.
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iethyl fumarate or

PQ-G'

é a
To 20 of dry THF containing 2.2 mmol of phenyl isocyanate and 3 mmol o

diethyl maleate was added to a solution of 1 mmol nitroalkane 3a and 20 drops of triethylamine in 20
ml of dry THF. Afier stirring the solution for 30 min, it was refiux 2 hours, cooled and filtered.
The solvent was evaporated and the residue was purified by flash column chromatography on silica

gel using hexane/ethyl acetate as eluent to obtain pure product 12 (35%) or 13 (60%) and all the
spectral data were consistent with those previously reported.

8. General Procedure for the Preparation of the Isoxazoie i4 or Furoxan 15 by
Reaction of Hydroximoyl Chloride 8e with or without Phenylacetylene in the
Presence of Triethylamine (equations 8§ and 9). Triethyl amine 3 mmol in 20 mL CH;Cl,
was slowly added to the the 20 mL CH,Cl, solution which contained hydroximoyl chloride 8 (1
mmol) and phenylacetylene (10 mmol) and the solution was stirred overnight then the solvent was
evaporated to obtain oily mixture. The residue was purified by flash column chromatography on
silica gel using hexane/ethyl acetate as eluent to obtain pure product 14 (92%). Almost quantative

yield of 15 was generated when hydroximoy! chloride 8e was treated with triethyl amine only.

3-(2-methyl-1-(2-thienyl)propyl)-5-phenylisoxazole (14): mp 88 °C IH NMR
(CDCly): 7.78-6.90 (m, 8H), 6.48 (s, 1H), 4.19 (d, 1H, J = 9.53), 2.45-2.27 (m, 1H), 1.00 (d,
3H, J = 7.33), 0.94 (t, 3H, J = 6.84). 13¢ NMR (CDCl3): 169.79, 166.17
128.94, 127.59, 126.69, 125.83, 125.62, 124.16, 98.51, 46.47, 33.86, 20.98. MS m/z (relative
intensity) 283 (M™, 41), 240 (100), 211 (27), 178 (5), 136 (33), 105 (33), 97 (15), 77 (22).
HRMS calcd for C7H7NOS 283.1031, found 283.1040. Anal. Caled for C{7H7NOS: C,
72.05; H, 6.05; N, 4.94. Found: C, 71.29; H, 5.96; N, 5.02.

Di(2-methyl-1-(2-thienyl)propyl)furoxan (15): mp 117 °C ITHNMR (C DCly): 7.26-6.83
(m, 6H), 3.85 (d, 1H, /=9.27), 371 (d, 1H, J = 11.23), 3.87-2.63 (m, 1H), 2.62-2.51 (m, 1H)

1, 1 113, 225 2 ARt 232)5 LS5 5 5

144.44, 130.11

. 5 [SAV A P’

0.98-0.8 arn arr 130 NMR (CDCla): 158.93 A A

0.98-0.84 (m, H), 0.71 (d, 3H, /= 6.84). **CNMR (CDCl3): 158.93, 141.14, 139.44, 127.02,
126.67, 126.60, 126.25, 125.19, 124.77, 116.69, 45.78, 43.15, 32.63, 29.67, 21.46, 21.30,

20.93, 20.73. MS m/z (relative intensity) 362 (M*, 9), 345 (11), 319 (14), 277 (5), 235 (6), 139
(100), 111 (16), 97 (69), 77 (6). Anal. Caled for CjgHysN»O,S: C, 59.64; H, 6.12; N, 7.73.
Found: C, 59.72; H, 6.11; N, 7.58.

9. General Procedure for the Preparation of the 2-Isoxazoline and Isoxazole by
Reaction of Hydroximoyl Iodide 6g with Phenylacetylene and Acrylnitrile in the
Presence of Triethylamine (equation 10). Triethyl amine 3 mmol in 20 mL CH;Cl, was
quickly added to the the 20 mL CH,Cl, solution which contained hydroximoyl iodide 6 g (1 mmol),
phenylacetylene (10 mmol) and acrylnitrile (10 mmol) and the solution was stirred 1 min then the
solvent was evaporated to obtain oily mixture. The residue was purified by flash column
chromatography on silical gel using hexane/ethyl acetate as eluent to obtain pure product 16 (85%)
and 17 (12%).
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§-Cyano-3-(1,1-diphenylethyl)-2-isoxazoline (16): mp 120 °C. IH NMR (CDCla):
7.38-7.20 (m, 10H), 5.18 (dd, 1H, J= 9.71, 6.22), 3.20 (dd, 1H, J = 17.22, 6.22)

&4 (828 AVAR) L2832, 123, ALl 28

J=17.22, 9.71), 2.02 (s, 3H). 13C NMR (CDCl3): 163.69, 144.17, 143.13, 128.65, 128.57,

127.91, 127.59, 127.42, 127.27, 117.22, 66.43, 49.95, 42.31, 28.03. MS m/z (relative intensity)

276 (M¥, 5, 261 (16), 220 (71), 165 (79), 118 (100), 77 (33). Anal. Caled for CgH | &N4O: C,

78.24; H, 5.84; N, 10.14. Found: C, 77.91; H, 5.82; N, 9.85. R
3-(1,1-Diphenylethyl)-5- 105 °C. 'H NMR (CDC

C.

7.68 (m, 2H), 7.40-7.21 (m, 13H), 6.25 (s, 1H), 2.30 (s, 3H). 13C NMR (CDCl3): 170.60,
169.43, 146.60, 130.01, 128.87, 128.21, 128.07, 127.51, 126.67, 125.75, 100.35, 48.89, 28.40.
MS m/z (relative intensity) 325 (M*, 100), 310 (23), 220 (12), 195 (38), 182 (8), 105 (9). HRMS

caled for CosH1gNO 325.1466, found 325.1456. Anal. Caled for Co3HgNO: C, 84.89; H, 5.88;
N, 4.30. Found: C, 84.91: H, 5.68; N, 4.30.
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d
IF or diethyl ether was slowly added to the 4-pentene-1 magnesium bromide 1.2

mmol in 20 mL THF or diethyl ether solution at -20 °C. After stirring 30 min, the solution was
slowly added to 50 mL of ice cold concd hydrobromic acid and stirred 30 min. The solution was
extracted with CH,Cly and washed with brine then few drops of Et3N were added to the mixture to
obtain the final product [4,3,0] bicyclic compound. After the solvent was evaporated, the crude
NMR analysis found that the oily mixture contained two major components and the total yield was
88% and the ratio of the cis/trans was 4.5/1. Flash column chromatography was used to obtain the
pure products 25. The intermediate 20 also could be isolated after the solvent CH,Cl, was

evaporated in the absence of the EtzN and the mixture was purified by the ﬂash column
chromatography. Similar procedures were repeated when 1-lithio-4-pentene was used to react with

(m, 5H), 5.81-5.71 (m, 1H), 5.03-4.94 (m, 2H), 3.86 (t, 1H, J= 953) 2.18-1.78 (m 4H),
2H). 13c NMR (CDCl3): 139.02, 138.56, 138.14, 128.54, 128.12, 127.40,

114.89, 53.96, 33.33, 32.38, 26.42. MS m/z (relative intensity) 283 (M+2)™, 2), 281 (MT, 3),
202 (60), 185 (24), 170 (37), 143 (33), 117 (61), 102 (37), 91 (100), 77 (23). HRMS calcd for
C13H3NOBr 283.0395, found 283.0416; calcd 281.0415, found 281.0414.
2-(2-Thienyl)-6-heptenohydroximoyl Bromide (21): 1H NMR (CDCly): 8.35 (s, 1H),
7.23 (d, 1H, J = 3.42), 6.97 (dd, 1H, J= 3.42, 2.64), 6.95 (d, 1H, J= 2.64), 5.81-5.74 (m, 1H),

5.05-4.96 (m, 2H), 4.15 (dd, 1H, J = 6.84, 6.35), 2.22-1.84 (m, 4H), 1.52-1.36 (m, 2H). 13C
NMR (CDCl3): 142.38, 138.03, 137.81, 126.73, 125.65, 124.70, 115.02, 48.56, 33.46, 33.18,

26.67. MS m/z (relative intensity) 289 (M+2)1, 5), 287 (M, 5), 272 (7), 270 (7), 256 (7), 254
(8), 220 (13), 218 (14), 208 (55), 177 (29), 149 (38), 138 (85), 123 (65), 108 (26), 97 (100).
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HRMS calcd for Cy1H4NOSBr 286.9980, found 287.0002
3a,4,5-Trihydre-§,6-diphenyl-3H-cyclopentalclisoxazole (23): mp 87 °C IHNMR

(CDCly): 7.40-7.12 (m, 10H), 4.69-4.53 (m, 1H), 4.00-3.78 (m, 2H), 3.11-2.88 (m, 2H), 2.18-
2.01 (m, 1H), 1.85-1.67 (m, 1H). 13¢c NMR (CDCl3): 174.63, 144.22, 143.66, 128.86, 128.27,
127.61, 127.26, 127.03, 126.64, 75.45, 53.89, 53.67, 43.95, 25.27. MS m/z (relative intensity)

263 (M™, 5), 233 (100), 206 (19), 178 (37), 165 (67), 130 (25), 115 (33), 105 (16), 91 (14), 77
1 Anal. Caled for C:icH:5sNO: C, 82.10: H, 6.51: N, 5.32. Found: C

6) Aldial, So 101 18 1783~ O&uiy, 11, UiJd, 1N, J.J2 L UuULiu. 8}.97' H, 6.49; N
25

N s, 11, U.57, iN,

PR A N

3,3a,4,5,6-Pentahydro-7,7-diphenyicyciohexajcjisoxazole (24): mp 117-118 OC. Iy
NMR (CDC]3): 7.43-7.06 (m 10H), 4.57 (dd, 1H, J= 10.62, 7.88), 3.90 (dd, 1H, J= 10.44,
7.83), 3.32-3.22 (m, 1H), 2.83-2.76 (m, 1H), 2.38-2.22 (m, 1H), 2.11-2.01 (m, 1H), 1.85-1.68
(m, 1H), 1.62-1.45 (m, 2H). 13C NMR (CDCl3): 174.63, 144.22, 143.66, 128.86, 128.27,

127.61, 127.26, 127.03, 126.64, 75.45, 53.89, 53.67, 43.95, 25.27. MS m/z (relative intensity)

277 (M, 12), 247 (100), 219 (63), 179 (33), 165 (68), 144 (76), 115 (34), 103 (18), 91 (20), 77
(13). HRMS calcd for CjgHgNO 277.1467, found 277.1476. Anal. Calcd: C, 82.28; H, 6.91;
N, 5.05. Found: C, 82.72; H, 6.73; N, 4.79.

cis-3,3a,4,5,6,7-Hexahydro-7-phenylcyclohexa[clisoxazole (25):16b mp 78 °C. Iy
NMR (CDCl3): 7.38-7.21 (m, 5H), 4.55 (dd, 1H, J = 10.54, 7.87), 3.90 (dd, 1H, J= 10.34,
7.88), 3.51 (dd, 1H, J= 12.30, 4.94), 3.39-3.20 (m, 1H), 2.27-1.41 (m, 6H), 13¢c NMR
(CDCly): 162.46, 139.73, 128.43, 128.34, 127.16, 73.63, 49.14, 44.58, 34.59, 32.16, 24.82.

MS m/z (relative intensity) 201 (M™, 61), 170 (100), 143 (53), 115 (20), 103 (21), 91 (28). HRMS
calced for C13H]5NO 201.1279, found 201.1270. Anal. Calcd: C, 77.58; H, 7.51; N, 6.96.
Found: C, 77.02; H, 7.36; N, 7.29.

trans-3,3a,4,5,6,7-Hexahydro-7-phenylcyclohexa[c]isoxazole (25):16b 1y NMR
(CDCly): 7.40-7.20 (m, 5H), 4.50 (dd, 1H, J= 10.40, 8.00), 4.25 (d, 1H, J= 6.80), 3.87 (dd, 1H,
J=9.40, 8.00), 3.21 (qd, 1H, J= 10.40, 6.20)

TV, UUV ), Jeed (U, 111, v 1VSTVU,

7 8 7141 2Q {m SH
R0 1+ ] & 159=1.30 J

v 130 e
1114 ll}. ol

) NAIVLIEN

(CDCl3): 161.39, 138.74, 128.71, 127.27, 126.64, 73.66, 45.88, 37.74, 32.74, 29.86, 20.06.
MS m/z (relative intensity) 202 (M+1)*, 100), 201 (M*, 69), 171 (60), 170 (52) 143 (29), 115
(14), 103 (9), 91 (23).

cis-3,3a,4,5,6,7-Hexahydro-7-(2-thienyl)cyclohexa[clisoxazole (26): IH NMR

—~
i
T
-

~

m
111, 31X},

(CDCl3): 7.21 (dd, 1H, J= 5.00, 1.60), 7.03-6.95 (m, 2H), 4.55 (dd, 1H, J= 10.44, 7.87), 3.92-
3.83 (m, 2H), 3.37-3.18 (m, 1H), 2.37-1.43 (m, 6H). !3C NMR (CDCly): 161.38, 138.74,

37-
128.71, 127.27, 126.64, 73.66, 45.88, 37.74, 32.74, 29.86, 20.06. MS m/z (relative intensity)
207 (M™, 100), 176 (48), 149 (37), 135 (21), 109 (15), 97 (28). HRMS calcd for CyH3NOS
207.0718, found 207.0717.
trans-3,3a,4,5,6,7-Hexahydro-7-(2-thienyl)cyclohexalclisoxazole (26): lH N)

PRl PIPALE T S AP L A A I R A L L LA R AR A AL I ) 4. 3 AV JASRVAR LT LY

(CDCl3): 7.21 (dd, 1H, J= 5.00, 1.20), 6.96 (dd, 1H, J= 5.00, 3.60), 6.85 (dd, 1H, J= 3.60,
1.20), 4.54 (dd, 1H, J= 10.60, 8.40), 4.40 (d, 1H, J= 5.20), 3.86 (dd, 1H, J= 9.60, 8.40), 3.35
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(qd, J= 10.20, 6.20, 1H), 2.46-1.20 (m, 6H). 13¢c NMR (CDCl3): 160.40, 143.38, 127.05,

124.91, 124.26, 73.69, 45.23, 34.94, 32.32, 32.14, 20.04. MS m/z (relative intensity) 207 (M*
100) 176 (49), 150 (69), 149 (55), 135 (28), 122 (18), 109 (21), 97 (54). HRMS calcd for

a4 m ey L

cis-3a,4,5,6-Tetrahydro-6 uv-phenyi-3-indoiyi)-3l'1'—cyciopenta[c]-isoxazoie (27):
Iy NMR (CDCly): 7.67-7.16 (m, 10H), 4.72-4.50 (m, 1H), 4.35 (dd, 1H, J= 10.20, 6.20), 4.06-
3.87 (m, 2H), 2.95-2.75 (m, 1H), 2.51-2.34 (m, 1H), 2.25-2.06 (m, 1H), 1.80-1.65 (m, 1H).
13C NMR (CDCly): 173.00, 139.65, 136.65, 129.52, 128.13, 126.29, 125.88, 124.28, 122.62,

20.06, 119.30, 115.36

302 (M, 100), 273 (35), 244 (18), 232 (37), 219 (65), 206 (18), 165 (14), 115 (39), 77 (29).
HRMS calcd for C20H18N20 302.1419, found 302.14009.

1IN73 75826 5403 37 13 2.V A 11 NMES m/z (rolativa intancity)
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