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Amax 343 nm (€ 6250); 'H NMR (CD,SOCD,) 6 3.82(q, 1 H,J =
4.8 Hz, H-4), 4.15 (s, 2 H, CH,Ph), 4.52 (dd, 1 H, J = 3.0, 4.8 Hz,
ArCH(OH)), 4.65 (dd, 1 H, J = 4.8, 9.8 Hz, H-5), 5.60 (d, 1 H,
J = 3.0 Hz, exchanged with D,0, OH), 5.83 (brd, 1 H, J = 9.8
Hz, H-6), 6.57-7.80 (m, 12 H, H-2, NH,, C;H,, Ph); *C NMR
(CD4SOCDy) 6 40.7, 56.0, 75.1, 100.7, 101.8, 109.1, 119.2, 126.7,
127.1, 128.3, 130.1, 130.7, 138.0, 138.5, 149.0, 170.2; MS, m/e
(relative intensity) 345 (1, M*), 327 (1), 213 (33), 131 (26), 130
(40), 123 (11), 122 (16), 105 (14), 102 (16), 91 (100).

Photosensitized Reaction of 1f. A 150-mL methanolic so-
lution of 1f (0.72 g, 6.8 mmol), BNAH (3.31 g, 15.5 mmol), and
the sensitizer (30 mg, 0.04 mmol) was irradiated for 15 h, evap-
orated, and then chromatographed on basic alumina as described
above to give BNAH (0.5 g), diastereomeric mixtures of 4f (2.0
g, 85%), and 5 (< 20 mg). The diastereoisomers of 4f were
separated by repeated column chromatography. A pure sample
of the RR + SS isomer was thus obtained whereas the RS + SR
isomer could not be made free from contamination of small
amounts of others.

(RR)- + (SS)-4f: mp 171.5-172.5 °C dec (CHCl;~MeOH); IR
{KBr) vyey 3270, 3115, 1669, 1640, 1554 cm™; UV (MeOH) A\,
342 nm (e 4750); 'H NMR (CD3;SOCD;) 6 3.70 (dd, 1 H, J = 3.2,
5.8 Hz, H-4), 4.23 (s, 2 H, CH,Ph), 4.43 (dd, 1 H, J = 2.2, 5.8 Hz,
ArCH(OH)), 4.47 (dd, 1 H, J = 3.2, 6.0 Hz, H-5), 6.01 (dd, 1 H,
J = 2.2, 6.0 Hz, H-6), 6.06 (br s, exchanged with D,0, OH),
6.78-7.50 (m, 13 H, H-6, NH,, 2 X Ph); 3C NMR (CD,SOCD,)
6 40.9, 56.0, 76.9, 101.6, 126.2, 126.8, 127.1, 128.4, 130.5, 138.1, 139.2,
143.3, 170.9; MS, m/e (relative intensity) 320 (0.5, M%), 302 (2,
M - H,0), 213 (57), 123 (5), 106 (5, PhCHO), 105 (4), 91 (100).
Anal. Caled for Co0HyoN,O,: C, 74.97; H, 6.29; N, 8.74. Found:
C, 74.70; H, 6.21; N, 8.77.

(RS)- + (SR)-4f: mp 162-163 °C dec (CHCl;-MeOH); IR (KBr)
vmax 3460, 3340, 3170, 1665, 1635, 1560 cm™; UV (MeOH) Apax
342 nm (¢ 6170); 'H NMR (CD,;SOCD;) 6 3.62 (q, 1 H, J = 5.6
Hz, H-4), 4.23 (s, 2 H, CH,Ph), 4.38 (dd, 1 H, J = 5.6, 7.8 Hz, H-5),
4.45 (dd, 1 H, J = 3.8, 5.6 Hz, ArCH(OH)), 5.64 (d,1 H,J = 3.8
Hz, exchanged with D,0, OH), 5.99 (br d, 1 H, J = 7.8 Hz, H-6),
6.74-7.60 (m, 13 H, H-2, NH,, 2 X Ph); 3C NMR (CD3SOCD;)
5404, 56.0,77.1, 101.8, 102.7, 126.7, 127.1, 127.5, 128.5, 129.7, 138.3,
143.1, 170.7; MS, m/e (relative intensity) 320 (0.5, M%), 302 (1),
213 (33), 123 (8), 106 (5), 105 (7), 91 (100).

Thermal Reactions, Each 3-mL methanolic solution con-
taining 1a—f (50 mM) and BNAH (0.2 M) in a Pyrex tube was
bubbled with a gentle stream of Ar for 15 min and then heated
at 60 = 0.5 °C in a dark room. All the experimental procedures
were performed in the dark in order to avoid exposure of reaction
solutions to scattering light. The progress of the reactions was
followed by both VPC and HPLC.
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The reaction of the sterically hindered neopentylic chloride 2-(1’-chloro-2’,2’-dimethylpropyl)-5-nitrofuran
(1) with p-toluenesulfinate, azide, and p-toluenethiolate ions and the salts derived from 2-methylmalononitrile
and 2-nitropropane proceed by the Sgy1 mechanism. The operation of this mechanism is confirmed by the inhibitory
effect of oxygen, di-tert-butyl nitroxide, and galvinoxyl and the catalytic effect of irradiation by white light.
Methoxide and thiocyanate ions do not bring about substitution on 1, and this and other evidence confirms that
substitution is not occurring by either the Syl or Sy2 mechanisms.

Nucleophilic substitution at the benzylic carbon in p-
and m-nitrobenzylic substrates has been demonstrated to
occur, in many cases, by the Sgy1 mechanism? which is
given in Scheme . Our particular interest in this reaction

Scheme I
ArCRIR?X + Y~ — [ArCRIRIX]* + Y*
[ArCR!R2X]*~ — ArCR!R? + X~
ArCRIR? + Y- — [ArCR!'R2Y]"

[ArCR!R2Y]" + [ArCR!R?X] —
ArCRIR?Y + [ArCR!R?X]*

(1) (a) This research was supported by grants from the Australian
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abstracted from the Ph.D. Thesis of Peter J. Newcombe, The University
of Sydney, September 1980.

(2) For reviews, see: Kornblum, N. In The Chemistry of the Func-
tional Groups; Patai, S., Ed.; Wiley: Chichester, 1982; Supplement F,
Chapter 10. Norris, R. K. In The Chemistry of the Functional Groups;
Patai, S., Rappoport, Z., Eds.; Wiley: Chichester, 1983; Supplement D,
Chapter 16.
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has been in the reactivity of systems which are neopentylic
(Scheme I, Ar = p- or m-O,NCgH,, R! = ¢-Bu).3* We have
shown that substitution by the Sgyl mechanism at neo-
pentyl positions also takes place with nitro heteroaromatic

nu

Y
X

(3) Jacobs, B. D.; Kwon, S.-J.; Field, L. D.; Norris, R. K.; Randles, D.;
Wilson, K.; Wright, T. A. Tetrahedron Lett. 1985, 26, 3495-3498, and

references cited therein.
(4) Barker, S. D.; Norris, R. K. Aust. J. Chem. 1983, 36, 81-95.
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compounds, such as nitrothiophene derivatives (Scheme
I, Ar = 5-nitro-2-thienyl, R! = ¢t-Bu, R? = H).> Substi-
tution proceeding by the Sgyl mechanism, at benzylic
carbons which are attached to heteroaromatic systems, has
not been as widely studied as in the benzene series. Re-
actions with derivatives of pyridines,® nitrothiophenes,’
nitroimidazoles,® and nitrofurans® have been reported, but
the benzylic carbons in the substrates used were not
neopentylic, and the nucleophiles used in the latter sys-
tems’® were restricted to the anions of secondary nitro-
alkanes. In the reactions of primary and secondary benzyl
halides in the nitrothiophene system, we found that the
first-formed C-alkylates eliminated nitrous acid under the
reaction conditions, to give vinylated nitrothiophenes,’
behavior which was found subsequently in the nitro-
imidazole® and nitrofuran® systems (Scheme II).

The recent report?® of the Sgy1 reaction of 5-nitrofurfuryl
halides was limited to reactions with the sodium salt of
2-nitropropane,'® since Bowman and his co-workers had
shown earlier that substitution reactions with other nu-
cleophiles were proceeding by the Sy2 mechanism.!! We
have prepared the neopentyl chloride 1, which incorporates
the 5-nitrofuryl moiety, and have undertaken a study of
its reactions with a range of nucleophiles. It was expected,
in similar fashion to thienyl neopentyl substrates, that Sy2
reactions would be prevented by the a-tert-butyl group.512

Results and Discussion

Preparation of Chloride 1. Reduction of the ketone
213 proceeded in good yield to give the alcohol 3. Treat-

(5) Flower, F. I.; Newcombe, P. J.; Norris, R. K. J. Org. Chem. 1983,
48, 4202-4205.

(6) Feuer, H.; Doty, J. K.; Kornblum, N. J. Heterocycl. Chem. 1978,
15, 1419-1423; 1981, 18, 783-787.

(7) Newcombe, P. J.; Norris, R. K. Aust. J. Chem. 1979, 32, 2647-2658.

(8) Crozet, M. P.; Suzur, J.-M.; Vanelle, P.; Ghiglione, C.; Maldonado,
J. Tetrahedron Lett. 1985, 26, 1023-1026.

(9) Beadle, C. D.; Bowman, W. R. J. Chem. Res. Miniprint 1985,
1814-1823.

(10) The reaction of 5-nitrofurfuryl chloride with the anion of 2-
nitropropane was reported to give substantial amounts of C-alkylation
products in 1951 by N. Chessin, M.S. Thesis, Ohio State University, cited
in: Kerber, R. C.; Urry, G. W.; Kornblum, N. J. Am. Chem. Soc. 1965,
87, 4520-4528.

(11) Beadle, C. D.; Bowman, W. R.; Prousek, J. Tetrahedron Lett.
1984, 25, 4979~4982.

(12) McLure, F. L; Norris, R. K.; Wilson, K. Aust. J. Chem. 1987, 40,
49-60.

(13) Barnes, B. J.; Newcombe, P. J.; Norris, R. K. Aust. J. Chem. 1983,
36, 963-976.
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Table I. Reaction of
2-(1’-Chloro-2,2’-dimethylpropyl)-5-nitrofuran (1) with
Nucleophiles®

entry salt time, h products (% yield?)
1 7 1.5 15 (>95)
2 7 69° 15 (949)
3 7 654 1(80); 3 (7)
4 7 1.5¢ 1 (94); 15 (<4)
5 8 0.5 1 (9); 16 (86)
6 8 0.75 16 (>95)
7 8 0.9 16 (>95, 83)
8 8 0.75¢ 1 (77); 16 (8)
9 8 0.75¢ 1 (93); 16 (T)
10 8 0.75 1 (89); 16 (11)
11 98k 0.08 17 (>95, 82)
121w 0.5 1 (17-30); 18 (7-12)
13 1 0.87 1(9)
14 104 1.33 1 (33); 18 (20)
15 107 1.83 k
16 1044 2.0 1 (22); 18 (28)
17 10%¢ 5.5 1 (11); 18 (25)
18 10t 5.5¢ 2 (50)
19 10% 5.5¢ 1 (68); 18 (16)
20 10% 3.0 18 (49, 35)
21 11 1.0 1 (>95)
22 12kim 1.5 k
23 13" 4.0 1 (11); 2 (12); 3 (5); 19 (40)
24 13" 7.0%4 1(29); 2 (21); 3 (9); 19 (10)
25 14» 5.5 1 (81)
26 14% 5.59 1 (46); 2 (28)
27 0 3.0 1 (76)

¢ All reactions were performed on the substrate 1 (0.08 M) with
the appropriate salt (0.25 M) in dimethyl sulfoxide at 20 °C under
nitrogen with irradiation by a sunlamp, unless otherwise stated.
Yields were estimated by '"H NMR spectroscopy with 2,4,6-tri-
nitrotoluene as an internal standard; isolated yields are given in
italics. °In the dark. ¢Under Q,. ¢In the-presence of di-tert-butyl
nitroxide (0.008 M). fIn the presence of galvinoxyl (0.008 M).
20,125 M. #In dimethylformamide. ‘0.16 M. 70.75 M. #No de-
tectable products. ‘In the presence of 2-methylmalononitrile (0.16
M). ™The same result was obtained in the presence of diethyl 2-
methylmalonate (0.16 M). 0.5 M with 1 (0.25 M). °In methanol
at reflux.

ment of this alcohol with thionyl chloride gave a near-
quantitative yield of an inseparable mixture of the required
chloride 1 and an unstable chloride, which was identified
by !H NMR and MS as the 5-chloro chloride 4 (see Ex-
perimental Section). A possible mechanism for formation
of the chlorides 1 and 4 is given in Scheme III and is based
on the mechanism proposed for “abnormal” substitution
reactions in the reaction of furfuryl chlorides with cyanide
ion.* Presumably, the driving force for the loss of nitrite
ion from the intermediate 5 is the greater stability of 5-
chloro cation 6, over the corresponding 5-nitro cation. On
chromatography the chloride 4 decomposed and the
chloride 1 could be obtained free of impurities.
Reaction of Chloride 1 with Nucleophiles. The
yields of products from the reaction of the chloride 1 with
the salts 7-14 in either dimethyl sulfoxide or dimethyl-
formamide at 20 °C are given in Table I. Excellent yields
of the sulfone 15 (entries 1 and 2), the azide 16 (entries
6 and 7), and the sulfide 17 (entry 11) were obtained. The
preparation of the malononitrile derivative 18 from reac-
tion of 1 with the salt 10 was less successful. It was ap-
parent that 18 was unstable under the reaction conditions,
and it was found that even solid, isolated 18 decomposed
rapidly at room temperature (see Experimental Section).
Very poor material balances were obtained in dimethyl
sulfoxide, particularly with higher concentrations of the

(14) Divald, S.; Chun, M. C.; Joullié, M. M. J. Org. Chem. 1976, 41,
2835-2846.
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salt 10 (entries 12 and 13). In dimethylformamide (entries
14-17), similar results were obtained, but 20-25% yields
of 18 could be obtained. It has been suggested that de-
composition of 5-nitrofurfuryl derivatives might occur
through formation of an «-carbanion leading to ring-
opening of the furan ring,® and so the reaction of the
chloride 1 with the salt 10 was carried out in the presence
of the conjugate acid, 2-methylmalononitrile. A significant
increase in yield was observed (compare entry 20 with
entries 14-17). Potassium thiocyanate (11) did not give
any substitution products with 1 (entry 21), and the use
of the malonic ester salt 12 gave only destruction of
starting material (entry 22). The lithium salt of 2-nitro-
propane (13) reacted with 1 to give the ketone 2, the al-
cohol 3, and the 2,4-disubstituted furan derivative 19,
whose formation from the ketone 2 has been reported
recently.’®* No detectable amount of proucts arising from
C-alkylation of the aci-nitronic salt 13 could be detected.
Reaction with sodium methoxide in dimethylformamide
(entry 25) or reflux with methanol (entry 27) failed to
produce the methyl ether 20.

The substitution reactions of chloride 1 are taking place
by the Sgyl mechanism (Scheme I, Ar = 2-nitrofuryl, R!
= t-Bu, R? = H, X = Cl), since the usual catalytic and
inhibitory effects found when this mechanism is operating
were observed. The catalytic effect of white-light irradi-
ation is apparent, for example, in the reactions of 1 with
p-toluenesulfinate ion (compare entries 1 and 2) and with
the anion from 2-methylmalononitrile (compare entries 17
and 19). The inhibitory effect of di-tert-butyl nitroxide
(compare entries 1 and 4, and 6 and 9) and galvinoxyl
(compare entries 6 and 10) on the reactions of 1 with salts
7 and 8 is also clear. The effect of oxygen varies with the
salt being used. In the reaction with the sulfinic salt 7 the
formation of the sulfone 15 was stopped completely, and
small amounts of the alcohol 3, presumably arising from
oxygenation of the radical intermediate 21, were isolated
(entry 3). With azide ion, oxygen markedly retards the
formation of the azide 16 (compare entries 6 and 8). Ox-
ygen completely prevents formation of the dinitrile 18
(compare entries 17 and 18), and the ketone 2 is formed
in moderate yield. In a separate experiment it was shown
that treatment of the dinitrile 18 (0.05 M) with the salt
10 (0.10 M) under oxygen gave only small amounts of
recovered 18 and none (<2%) of the ketone 2. This rules
out formation of the ketone 2 from oxidation of the di-

O,N COBut

(15) Barnes, B. J.; Newcombe, P. J.; Norris, R. K.; Wilson, K. J. Chem.
Soc., Chem. Commun. 1985, 1408-1409.
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nitrile 18. It is possible that the ketone 2 might be being
formed by oxygenation of the a-carbanion 22.1® To test

o N/@éusut ozumt;-aut

2

21 22 o
this possibility, the chloride 1 was treated with the oth-
erwise unreactive salt 14 (see entry 25). Some conversion
to 2 did take place under oxygen (entry 26). Since meth-
oxide ion and the anion from 2-methylmalononitrile have
different basicities in dimethylformamide, no great sig-
nificance should probably be placed on the different rates
of production and yields of the ketone 2 (compare entries
18 and 26), and all that can be stated is that 2 arises from
both or either of the species 21 and 22. The effect of
oxygen on the reaction of 1 with the lithium salt 13 is
somewhat obscured by the secondary ionic reaction in
which the ketone 2 is converted into the cine-substitution
product 19.% Tt is clear, however, that oxygen retards the
overall conversion of 1 into products (compare entries 23
and 24).

Finally, other mechanisms for the substitution of chlo-
ride in 1 by nucleophiles are inconsistent both with the
data in Table I and with the established reactivity patterns
of neopentyl substrates. The sterically unlikely Sy2
mechanism ig further discounted by the failure of the
normally potent nucleophiles, methoxide, and thiocyanate
(see entries 21 and 25) to participate in substitution re-
actions with 1. Substitution by the Sy1 mechanism is
precluded by the failure of 1 to undergo solvolysis under
more vigorous conditions which are also more amenable
to operation of the Sy1 processes (see entry 27). In ad-
dition, similar reactivity toward azide and thiocyanate ions
is exhibited by neopentyl substrates, which have been
demonstrated to undergo substitution by the Sy1 mecha-
nism, in the thiophene series.!* This behavior is not shown
by compound 1 (compare entries 7 and 21).

Experimental Section

Melting points were determined thermoelectrically on a
Reichert hot stage melting point apparatus and are uncorrected.
'H NMR spectra were determined on a Varian Associates EM-390
or a Bruker WM-400 spectrometer on ca. 10% w/v solutions in
CDCl;. The *C NMR spectrum was recorded on a JEOL FX-60Q
spectrometer on ca. 30% w/v solutions in CDCl; and is proton-
coupled. Both ®C and 'H chemical shifts are quoted in ppm
downfield of internal SiMe,. Infrared spectra were recorded on
a Perkin-Elmer 221 spectrophotometer, and ultraviolet spectra
were recorded on Perkin-Elmer 402 and Hitachi 150-20 spec-
trophotometers. Mass spectra were recorded on an A.E.I. MS-902
spectrometer at 70 eV. Analyses were carried out at the Australian
Microanalytical Service, Melbourne. Thin-layer chromatography
(TLC) was performed on Merck Kieselgel HF 5,35 (type 60).
Flash chromatography!’ was performed on Merck silica gel 60
(230-240 mesh). Light petroleum refers to the fraction of bp 6570
°C. Reactions were worked up by dilution with water followed
by threefold extraction with ether, washing of the ether layer with
water and brine, drying (MgSO,), and removal of the ether under
reduced pressure to give the crude product.

Preparation of 2,2-Dimethyl-1-(5-nitro-2’-furyl)-1-
propanol (3) and 2-(1’-Chloro-2',2’-dimethylpropyl)-5-nitro-
furan (1), Powdered sodium borohydride (0.12 g, 3.2 mmol) was
added to a solution of the ketone 2!3 (1.2 g, 6.0 mmol) in absolute
ethanol (30 mL), and the mixture was stirred for 256-30 min at
ca. 25 °C. Water was added, and the resulting solution was worked
up with ether in the usual manner. The crude product was

(16) The formation and oxidation by oxygen of a-carbanions in 5-
nitrothienyl analogues of 1 has been suggested in our earlier work.”

(17) 8till, W, C.; Kahn, M.; Mitra, A. J. Org. Chem. 1978, 43,
2923-2925.
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purified by column chromatography on silica gel with 25% ethyl
acetate/75% light petroleum as eluent to give 3: an oil; 0.11 g
(87%); 'H NMR 4 0.99 (s, 9 H, t-Bu), 2.84 (br s, 1 H, OH), 4.46
(bl‘t 1 H Hl J13’ =(0.72 HZ, J14/ = 055) 6.52 (dd 1 H H3,
J13/ = (.72 Hz, J3I4/ = 3.74 HZ), 7.30 (dd 1 H H4 J14 = 0.55
Hz, Jye =374 Hz), IR (liquid film) 3500 (br), 1530 1495, 1375,
1255, 1025, 815 cm™; UV (MeOH) 274 nm (e 1.24 X 10%); mass
spectrum, m/z (relative intensity) 200 (M* + 1, 2), 199 (M*, 1),
143 (100), 126 (57), 113 (15), 96 (13), 68 (15), 57 (71), 43 (12), 41
(38), 39 (16), 29 (30).

Anal. Caled for CogH;3NOg: C, 54.3; H, 6.6; N, 7.0. Found: C,
54.2; H, 6.7; N, 7.1.

The alcohol 3 (0.64 g, 3.2 mmol) was chlorinated by addition
of excess thionyl chloride (3.0 mL, 4.8 g) with stirring at 0-5 °C
over 30 min. The reaction mixture was then stirred for an ad-
ditional hour at 20 °C, followed by refluxing for an additional
hour. The reaction mixture was worked up in the usual manner
to give the crude product, which was shown by 'H NMR to be
a 3:2 mixture of the required 5-nitro chloride 1 and the 5-chloro
chloride 4 in 89% combined yield. Although the chloride 4
decomposed on attempted chromatography, the following data
for 4 was obtained from the mixture: 'H NMR 4 1.08 (s, 9 H,
t-Bu), 4.62 (br t, 1 H, HY", J;.3 = 0.3 Hz, J},, = 0.35 Hz), 6.12 (dd,
1 H, H3, Jl3—03Hz,J34-335Hz) 6.30 (dd, 1 H, H4, Jra
= 0.35 Hz, J“ = 3.35 Hz);high-resolution mass spectrum caled
for CgH,;0%Cl, 206.0265, found CyH,,0%Cl, 206.0265. Subjection
of the mixture to column chromatography (25% dichloro-
methane/75% light petroleum on silica gel) gave the 5-nitro
chloride 1: an oil, 0.28 g (40%); bp (Kugelrohr) 145 °C (0.15
mmHg); 'H NMR 6 1.14 (s, 9 H, ¢-Bu), 4.69 (m, 1 H, H1’), 6.57
(dd, 1 H, H3, Jy 3 = 0.47 Hz, J3, = 3.70 Hz), 7.28 (dd, 1 H, H4,
Jya=0. 39 Hz, J34 = 3.70 Hz); IR (liquid film) 1535, 1500, 1375,
1250, 1030, 820 em™:; UV (MeOH) 276 nm (e 7.6 X 103), mass
spectrum, m/z (relative intensity) 219 (M* + 2, 0.1), 217 (M*,
0.6), 202 (8), 182 (2), 161 (68), 152 (4), 144 (8), 137 (2), 82 (6), 57
(100), 41 (12).

Anal. Caled for CgH,,CINOg: C, 49.7; H, 5.6; C], 16.3; N, 6.4.
Found: C, 50.0; H, 5.7; C}], 16.2; N, 6.7.

Reactions of Chloride 1 with Nucleophiles. General
Procedure. These reactions were carried out under the conditions
specified in Table I by using apparatus and workup procedures
(including PLC) described previously.> The sodium salts 9, 10,
12, and 14 were prepared in situ by reaction of the appropriate
conjugate acid with sodium hydride, followed by filtration from
the excess of sodium hydride. The following compounds were
isolated in the yields stated in the appropriate entries in Table
I

2,2-Dimethyl-1-(5’-nitro-2’-furyl)propyl p-tolyl sulfone (15)
(entries 1 and 2): white needles, mp 123-124 °C (methanol);
'H NMR (deuteriotoluene at 100 °C) § 1.12 (s, 9 H, ¢-Bu), 1.95
(s, 3 H, Me), 3.93 (br t, 1 H, ArCH), 6.20 (dd, 1 H, H3", J; 3 =
0.33 HZ, Jg/’y = 3.68 HZ), 6.56 (dd, 1 H, H4’, J1'4/ = 050, J3/'4/ =
3.68 Hz), [AA’XX’ pattern] 6.68 (m, 2 H), 7.32 (m, 2 H, J,x +
Jax = 8.1 Hz); IR (CHCl,) 1530, 1490, 1375, 1345, 1160, 815 cm™;
UV (MeOH) 225 (sh, ¢ 1.42 X 10%, 307 nm (7.7 X 108); mass
spectrum, m/z (relative intensity) 337 (M, 1), 182 (100), 140 (22),
126 (9), 93 (26), 91 (31), 82 (17), 79 (12), 77 (10), 65 (19), 57 (10),
43 (12), 41 (20), 39 (13).

Anal. Caled for C;gH gNO;S: C, 57.0; H, 5.7; N, 4.2. Found:
C, 56.9; H, 5.7; N, 4.0.

2-(1’-Azido-2',2’-dimethylpropyl)-5-nitrofuran (16) (entry
7): a pale yellow oil; 'H NMR § 1.01 (s, 9 H, ¢-Bu), 4.36 (br t,
1 H, H1’), 6.56 (dd, 1 H, H3, J,,3 = 0.5 Hz, J;, = 8.7 Hz), 7.32
(dd, 1 H, H4, J;., = 0.4 Hz, J34 = 3.7 Hz); IR (liquid film) 2099,
1581, 1522, 1492, 1388, 1243, 1015 cm™; UV (EtOH) 312 nm (e
1.11 x 10‘) mass spectrum, m/z (relative intensity) 182 (M* ~
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Nj, 0.8), 181 (1), 168 (5), 140 (9), 123 (3), 108 (3), 93 (15), 91 (11),
57 (100), 43 (3), 41 (1); high-resolution mass spectrum caled for
CQH12N403 - N3 182.0813, found Mt - N3 182.0817.

Anal. Caled for CoH oN,O4: C, 48.2; H, 5.4; N, 25.0. Found:
C, 484; H, 5.8; N, 24.9.

2,2-Dimethyl-1-(5'-nitro-2’-furyl)propyl p-tolyl sulfide (17)
(entry 11): a thick yellow oil; tH NMR 5 1.15 (s, 9 H, ¢t-Bu), 2.28
(s, 3 H, Me), 3.95 (t, 1 H, ArCH), 6.36 (dd, 1 H, H3’, J; 3 = 0.43
Hz, Jy 4 = 3.70 Hz), 7.18 (dd, 1 H, H4/, J; = 0.45, Jy ¢ = 3.70
Hz), [AA’XX’ pattern)] 7.03 (m, 2 H), 7.16 (m, 2 H, Jx + Jax
= 8,0 Hz); IR (liquid film) 1486, 1351, 1241, 1016, 801 cm™}; UV
(EtOH) 222 (sh, ¢ 1.39 X 10%), 326 nm (8.57 X 10%); mass spectrum,
m/z (relative intensity) 305 (M* 35), 259 (100), 249 (40), 232 (36),
217 (11), 182 (60), 140 (31), 124 (86), 107 (13), 91 (61), 82 (34),
79 (55), 65 (19), 57 (48).

Anal. Caled for C;gH;gNQO,S: C, 62.9; H, 6.3; N, 4.6. Found:
C, 62.8; H, 6.2; N, 4.6.

Oxidation of the sulfide 17 with m-chloroperbenzoic acid in
dichloromethane at room temperature gave sulfone 15 identical
with the sample isolated from reactions of 1 with 7.

2-[2/,2-Dimethyl-1’-(5"-nitro-2"-furyl)propyl]-2-methyl-
malononitrile (18) (entry 20): mp 117-119 °C (light petroleum),
which decomposed on exposure to light and on standing at room
temperature; 'H NMR 6 1.27 (s, 9 H, t-Bu), 1.77 (s, 3 H, Me), 3.20
(m, 1 H Hl') 6.73 (bl‘ d 1 H H3” J]_' <0.15 HZ, J3//’4u =3.75
Hz), 7.33 (dd, 1 H, H4", J}.p» = 045 He, Jy 4 = 3.75 Hz); IR
(CHCIy) 1591, 1491, 1356, 1021 cmL; UV (EtOH) 293 nm (¢ 6.21
X 10%); mass spectrum, m/z (relative intensity) 261 (M*, 0.1), 246
(0.3), 205 (186), 178 (9), 167 (12), 93 (26), 79 (4), 65 (2), 57 (100),
51 (42), 41 (20); high-resolution mass spectrum (the molecular
ion at m/z 261 was too weak to measure accurately) calcd for
ClaH15N303 - C4H8 205.0487, found, Mt - C4H8 (iSObuterne)
205.0487.

Reactions of Chloride I with the Lithium Salt 13 (Entries
23 and 24). The crude product from these reactions was separated
by column chromatography (10-25% ethyl acetate/light petro-
leum) to give unchanged 1, alcohol 3, and ketone 2 (each identical
with authentic samples) and 2,2-dimethyl-1-[4’-(1”-methyl-
1”-nitroethyl)-2’-furyl]-1-propanone 19: white prisms, mp

89-90 °C (cyclohexane); 'H NMR 6 1.34 (s, 9 H, t-Bu), 1.96 (s,
6 H Mechoz), 7.29 (d 1 H H3, J3/5/ = 1.03 HZ) 7.65 (d 1 H
H5', Jy 5 = 1.03 Hz); 3C NMR (coupled spectrum) 5 26.7 (qm,
Me2 and Mes, qu = 130 Hz), 43.1 (decet, C2,2J = 4 Hz) 84.0
(septet, CMe,NO,, 2J = 4 Hz), 116.5 (dd, C%, 1J =178 Hz, %Jouy
= 6 Hz), 128.5 (m, C4"), 142.5 (dd, C5, 1J = 203, *Joyy = 7 H2),
153.2 (d, C2, %Jgy = 6 Hz), 194.7 (m, C1); IR (CHCL) 1665, 1545,
900 cm™; UV (MeOH) 267 nm (¢ 1.26 X 10%); mass spectrum, m/z
(relative intensity) 193 (M* - NO,, 100), 136 (10), 135 (11), 108
(11), 79 (11), 57 (94), 41 (40).

Anal. Caled for C;,HsNO,: C, 60.2; H, 7.2; N, 5.9. Found:
C, 60.4; H, 7.3; N, 5.7.

Reaction of Compound 18 with the Sodium Salt 10. Re-
action of compound 18 (26 mg, 0.1 mmol) with sodium salt 10
(16 mg, 0.2 mmol) in dimethylformamide (2.0 mL) at 20 °C, under
oxygen, and with sunlamp irradiation for 5.5 h gave a poor recovery
of unchanged chloride 1 (<20%) and no trace of the ketone 2.

Methanolyses of Chloride 1 (Entry 27). The chloride 1 (85
mg, 0.16 mmol) was heated under reflux in methanol (2.0 mL)
for 3 h. Workup gave the unchanged chloride 1.
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