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The first component, a liquid after removal of solvent, was
identical with the starting material.

The second component was identified as 2-ethoxy-5-nitro-
toluene: mp 6666 °C; yield 9.87 g (68%); mol wt 181.19; NMR
(CDCly) 568.08(1H,dd,J,, =2Hz, J,=9Hz),80(1H,d,J =
2Hz),6.79 (1 H,d,J =9 Hz),4.12 (2 H, q, J = 6.5 Hz), 2.26 (3
H, s), 1.47 (3 H, t); IR (Nujol) 1612, 1590, 1520, 1498, 1470, 1458,
1390, 1378, 1260, 1142, 1118, 1100, 1040, 940, 902, 812, 780, 750,
718,658 cm™. Anal. Caled for C;H;;NOg: C, 59.66; H, 6.12; N,
7.73. Found: C, 59.12; H, 6.04; N, 7.48.

The third component was identified as 2,3’-dinitro-4,5’-di-
methyl-5,4’-diethoxybiphenyl: mp 158-159 °C; yield 1.4 g (4.2%);
mol wt 360.37; NMR (CDCly) § 7.82 (1 H, brs), 7.54 (1 H, d, J
=25 Hz),7.21 (1 H,d),6.59 (1 H, brs), 4.10 (4 H, 2 q, J = 7 Hz),
2.35 (3 H, ), 2.28 (3 H, s), 1.48 (6 H, 2 t); IR (Nujol) 1618, 1562,
1540, 1520, 1470, 1380, 1362, 1342, 1300, 1280, 1262, 1242, 1230,
1195, 1180, 1118, 1050, 1035, 1005, 940, 920, 912, 902, 888, 830,
810, 795, 775, 750, 725, 662 cm'l. Anal. Caled for C18H20N206:
C, 59.99; H, 5.59; N, 7.77. Found: C, 60.19; H, 5.27; N, 7.54.

Nitration of 2-Methylanisole. 2-Methylanisole [bp 119 °C
(143 mmHg), 12.2 g] was nitrated as described above.

2-Methyl-4-nitroanisole: mp 50-51 °C; yield 4.9 g (29%);
mol wt 167.17; NMR (CDCly) 6 8.10 (L H, dd, J,, = 2.5 Hz, J, =
9Hz),8.02(1H,d,J, =25Hz),6.81 (1H,d),392(38H,s),2.26
(3 H, s); IR (Nujol) 1610, 1592, 1510, 1498, 1460, 1440, 1380, 1340,
1260, 1186, 1148, 1100, 1042, 1020, 995, 930, 898, 828, 810, 755,
715, 640 cm™. Anal. Caled for CgHoNOg: C, 57.48; H, 5.43; N,
8.38. Found: C, 57.49; H, 5.60; N, 8.41.

2,3’-Dinitro-4,5’-dimethyl-5,4’-dimethoxybiphenyl: mp
168-169 °C; yield 0.75 g (2.3%); mol wt 332.32; NMR (CDCl,)
6774 (1 H,brs), 759 (1H,d, J =2Hz), 7.27 (1 H, d), 6.65 (1
H, brs), 3.94 (3 H, s), 3.92 (3 H, s), 2.38 (3 H, s), 2.28 (3 H, s);
IR (Nujol) 1620, 1570, 1530, 1505, 1460, 1380, 1360, 1340, 1298,
1260, 1240, 1180, 1115, 1045, 1002, 902, 890, 870, 820, 780, 760,
740 cm™. Anal. Caled for CigH;gN,Og: C, 57.83; H, 4.85; N, 8.43.
Found: C, 57.82; H, 4.69; N, 8.46.

Nitration of 2-(Propyloxy)toluene. 2-(Propyloxy)toluene
[bp 135-137 °C (130 mmHg), 15 g] was nitrated as described
above.

2-(Propyloxy)-5-nitrotoluene: 11qu1d, yield 10.94 g (56 %);
mol wt 195.22; NMR (CDCl,) 6 8.03 (1 H, dd, J,, = 2.5 Hz, J, =
9Hz),7.86 (1H,d,J =2.5Hz),6.73(1H,d),396 2H,t,J =
6 Hz), 2.33 (3 H, s), 1.8 (2 H, m), 1.06 (3 H, t); IR (Nujol) 1610,
1588, 1520, 1498, 1472, 1460, 1392, 1380, 1260, 1145, 1118, 1100,
1050, 940, 900, 812, 782, 755, 718, 660 cm™. Anal. Caled for
C,oH3NOs: C, 61.58, H, 6.71, N, 7.17. Found: C, 61.56; H, 6.44;
N, 7.22.

2,3’-Dinitro-4,5’-dimethyl-5,4’-bis(propyloxy)biphenyl: mp
141-142 °C; yield 2.75 g (7%); mol wt 388.42; NMR (CDCl;) ¢
7.89 (1 H, brs), 7.57 (1 H,d,J = 2 Hz), 7.27 (1 H, d), 6.64 (1 H,
brs), 397 4 H,2t,J = 6 Hz), 2.36 (3H, s), 2.31 (3 H, s), 1.83
(4 H, m), 1.08 (6 H, 2 t); IR (Nujol) 1615, 1560, 1538, 1520, 1500,
1460, 1380, 1318, 1300, 1260, 1230, 1180, 1158, 1110, 1080, 1030,
998, 960, 910, 870, 800, 778, 760, 740, 720, 660 cm™. Anal. Caled
for CyoHy N,Og: C, 61.85; H, 6.23; N, 7.21. Found: C, 62.17; H,
6.30; N, 7.53.

Crystal data: C,gHy,N,O4(I), mol wt 360.37; monoclinic; ¢ =
7.878 (3) A, b = 8.204 (3 Xc—27843(11)A6 91.36 (3) A,
U=1799 A3 Z = 4, dc,lcd = 1.331 g cm™?; absorption coefficient
for Cu Ko radiation (A = 1.5418 A), u = 8.6 cm™. Space group
P2,/¢(CP,) was uniquely established from the systematic absences
0k0 when & = 2n and A0/ when ! = 2n.

Acknowledgment. We thank the staff of Analytical
Research Services of Schering-Plough Corp. for providing
us with microanalytical and spectral data.

Registry No. 1, 82280-90-8; 2-ethoxytoluene, 614-71-1; 2-
methylanisole, 578-58-5; 2-propyloxytoluene, 4607-37-8; 2-ethoxy-5-
nitrotoluene, 70611-03-9; 2-methyl-4-nitroanisole, 50741-92-9; 2,3’-
dinitro-4,5’-dimethyl-5,4’-dimethoxybiphenyl, 82280-91-9; 2-(pro-
pyloxy)-5-nitrotoluene, 82280-92-0; 2,3’-dinitro-4,5’-dimethyl-5,4’-
bis(propyloxy)biphenyl, 82280-93-1.

Supplementary Material Available: Crystallographic
measurements, interatomic distances and angles (Figure 2),
monohydrogen atom fractional coordinates (Table II), tables of

0022-3263/82/1947-3348801.25/0

least-squares plane equation data (Table III}, torsion angles (Table
IV), anisotropic thermal parameters (Table V), calculated hy-
drogen atom fractional coordinates (Table VI), and observed and
calculated structure amplitudes (Table VII) (16 pages). Ordering
information is given on any current masthead page.

Free Radicals in Synthesis. 1. A Two-Step
Carbolactonization Procedure

Steven D. Burke,* William F. Fobare, and
David M. Armistead

Department of Chemistry, University of South Carolina,
Columbia, South Carolina 29208

Received March 1, 1982

The vicinal functionalization of unactivated olefins with
regio- and stereochemical control (generalized in eq 1) is

A A
o — o
B D ©

D

an important area of development in organic synthesis.!
In connection with an ongoing synthetic program, we have
made an initial foray into this area, the results of which
are described herein.

We required a reliable means of carbolactonization (eq
2) whereby the olefinic linkage became vicinally func-

C\f’ #coome /g %me

MeO,C

tionalized by carboxylate and acrylate residues, respec-
tively. A direct formation of the new carbon—oxygen and
carbon—carbon bonds in a single step would be ideal.
Unfortunately, the acrylate unit is not a suitable electro-
philic trigger for the direct carbolactonization sought.
However, the well-established mercurio-,? iodo-,® and
selenolactonization* reactions and the demonstrated re-
ductive cleavages of the respective C—Hg,” C-1,° and C~Se’
bonds by borohydride salts or hydridostannanes held the
promise of an acceptable solution. We therefore executed
a systematic study of lactones la—c, 2a-¢, and 3a—c to
compare the acetoxymercurio, iodo, and phenylseleno
substituents as functional auxiliaries for the generation of

(1) For examples related to the subject of this report, see: (a) Giese,
B.; Meister, J. Chem. Ber. 1977, 110, 2588-2600. (b) Giese, B.; Heuck,
K.; Lining, U, Tetrahedron Lett. 1981, 22, 2155-2158. (c) Giese, B.;
Heuck, K. Ibid. 1980, 21, 1829-1832. (d) Giese, B.; Heuck, K. Chem. Ber.
1979, 112, 3759-3765. (e) Bachi, M. D.; Hoornaert, C. Tetrahedron Lett.
1981, 22, 2689-2692. (f) Bachi, M. D.; Hoornaert, C. Ibid. 1981, 22,
2693-2694. (g) Kozikowski, A. P.; Nieduzak, T. R.; Scripko, J. Organo-
metallics 1982, 1, 675.

(2) (a) Rowland, R. L.; Perry, W. L.; Friedman, H. L. J. Am. Chem.
Soc. 1951, 73, 1040-1041, (b) Factor, A,; Traylor, T. G. J. Org. Chem.
1968, 33, 2607-2614.

(3) House, H. O. “Modern Synthetic Reactions”, 2nd Ed.; W. A. Ben-
jamin: Menlo Park, CA, 1972; p 441, and references cited therein.

(4) (a) Nicolaou, K. C,; Seitz, S. P.; Sipio, W. J.; Blount, J. F. J. Am.
Chem. Soc. 1979, 101, 3884~3893. (b) Clive, D. L. J.; Russell, C. G.;
Chittattu, G.; Singh, A. Tetrahedron 1980, 36, 1399-1408.

(5) (a) Brown, H. C.; Geoghegan, P. J., Jr. J. Org. Chem. 1970, 35,
1844-1850. (b) Pasto, D. J.; Gontarz, J. A. J. Am. Chem. Soc. 1969, 91,
719-721. (c) Whitesides, G. M.; San Filippo, J., Jr. Ibid. 1970, 92,
6611-6624. (d) Quirk, R. P.; Lea, R. E. Tetrahedron Lett. 1974,
1925-1928.

(6) (a) Corey, E. J.; Suggs, J. W. J. Org. Chem. 1975, 40, 2554-2555.
(b) House, H. O.; Boots, S. G.; Jones, V. K. Ibid. 1965, 30, 2519-2527. (c)
Kuivila, H. G. Synthesis 1970, 499-509 and references cited therein.

(7) (a) Clive, D. L. J.; Chittattu, G.; Wong, C. K. J. Chem. Soc., Chem.
Commun. 1978, 41-42. (b) Reference 4a.
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Table I
lactone lactone yield,?
substrate conditions® product %

la, X = HgOAc MA (12.7 equiv), NaHB(OMe), (1.14 equiv), CH,Cl, (0.15 M in 1a), 4a 6
0—>25°C

1b, X =1 MA (12.0 equiv), Bu,SnH (3.0 equiv), ABN (catalytic), PhMe 4a 45
(0.21 M in 1b), 110°C

lc, X = SePh MA (20 equiv), Bu,SnH (6.0 equiv), ABN (catalytic), PhMe 4a 69
(0.19 M in 1e), 110°C

1la, X = HgOAc MMA (10.6 equiv), NaHB(OMe), (1.14 equiv), CH,Cl, 4b 18¢
(0.19 M in 1a), 0> 25 °C

1b, X =1 MMA (15 equiv), Bu,SnH (3.0 equiv), ABN (catalytic), PhMe 4b 49.5
(0.21 M in 1b), 110°C

lc, X = Sehh MMA (9 equiv), Buaan (3.0 equiv), ABN (catalytic), PhMe 4b 68
(0.15Min1le), 110°C

2a, X = HgOAc MA (14 equiv), NaHB(OMe), (1.29 equiv), CH,CI, (0.12M in 2a), 5a 20
0—>25°C

2b,X=1 MA (10 equiv), Bu,SnH (2.0 equiv), ABN (catalytic), PhMe Ha 54
(0.07 M in 2b), 110 °C

2¢, X = SePh MA (10 equiv), Ph,SnH (3.0 equiv), PhMe (0.18 M in 2¢), 110 °C 5a 70

2a, X = HgOAc MMA (12 equiv), NaHB(OMe), (1.15 equiv), CH,Cl, (0.12 Min 2a), 5b 18¢
0—>25°C

2b, X=1 MMA (11.6 equiv), Bu,SnH (3.0 equiv), ABN (catalytic), PhMe 5b 50
(0.18 M in 2b), 110 °C

2¢, X = SePh MMA (10 equiv), Bu,SnH (3.0 equiv), ABN (catalytic), PhMe 5b 73
(0.18 M in 2¢), 110 °C

3a, X = HgOAc MA, NaHHB(OMe),, CH,Cl, (various attempts) 6a 0

3b,X=1 MA (10 equiv), Bu,SnH (3.0 equiv), ABN (catalytic), PhMe 6a 58¢
(0.19 M in 3b), 110 °C

3¢, X = SePh MA (10 equiv), Ph,SnH (3.0 equiv), PaMe (0.17 M in 3¢), 110 °C 6a 80

3a, X = HgOAc MMA, NaHB(OMe),, CH,Cl, (various attempts) 6b 0

3b,X=1 MMA (15 equiv), Bu,SnH (3.0 equiv), ABN (catalytic), PhMe 6b 656¢
(0.19 M in 38b), 110 °C

3¢, X = SePh MMA (10 equiv), Ph,SnH (3.0 equiv), PhMe (0.17 M in 8¢), 110 °C 6b 74

% These reflect optimal conditions for maximizing isolated yields of the coupling products 4-6 and minimizing the forma-

tion of products derived from reduction or the agpendage of muitiple acrylate residues in a coupling cascade.

The yields reported here are for chromatographically and spectroscopi-
Products exhibited IR, mass, 'H NMR, and *C NMR spectra and combustion analysis data in
¢ This product was isolated and characterized as a mixture of diastereomers as

methyl acrylate; MMA = methyl methacrylate,
cally homogeneous materials.
accord with the structures assigned.
indicated in Scheme I.

B-carboxy radicals. It was anticipated that production of
such radical intermediates in the presence of acrylate
trapping agents would give the desired products (4-6) of
net carbolactonization (Scheme I).

The results summarized in Table I reflect attempts to
optimize the isolated yields of the radical-coupling prod-
ucts 4a,b, 5a,b, and 6a,b from the three respective radical
generators for each system. In our experience, a clear trend
developed and remained inviolate for the substrates ex-
amined. Specifically, the order of effectiveness of the
B-carboxy radical precursors (la—e, 2a—¢, 3a—c) was X =
HgOAc <1 < SePh. The acetoxymercurio lactones 1a-3a
were uniformly unsatisfying, providing poor yields at best
of the carbolactonization products 4-6 when treated with
sodium trimethoxyborohydride® in methylene chloride
containing a large excess of acrylate trapping agent. The
major pathway observed for radical precursors la—3a in-
volved hydrogen atom abstraction to give reduction
products 1-3, X = H.

A marked improvement was observed upon investigation
of the corresponding iodo lactones 1b—3b as radical gen-
erators. Reproducibly moderate yields (45-65%) of the
coupling products 4-6 were obtained when the iodolactones
were treated with tri-n-butyltin hydride, a catalytic amount
of azobis(isobutyronitrile) (ABN), and excess acrylate
trapping agent in toluene at 110 °C.8

Most effective, however, were the phenylseleno lactones
le-3c. These provided the desired carbolactonization
products in yields of 68-80% after chromatographic pu-
rification. Radical generation from the selenolactones was
effected in the presence of excess acrylate in toluene at 110
°C utilizing either n-BusSnH/ABN’ or PhySnH."™

MA =

Scheme 1

e

2a, X = KgOAc 35 )( = HgOAc
b, x=1 2, X=1 s X=l
I¢, X = SePh 2¢, X = SePh 1c_ X = SePh

| L
ol e o

+

H H
MeO C: 0,Me
0,Me

43, R=H Sa,R=H 6a, R=H
4b, R = Me Sb, R = Me 6b, R = Me

™ e(>=o
™0
x—

1a, X = KgOAc

A limitation of this technology is manifest in the rapid
loss of stereochemical integrity at developing radical cen-
ters. Thus, diastereomeric mixtures will result from sys-
tems such as 3, wherein the radical coupling generates a
center of relative asymmetry on a ring system devoid of
a controlling steric bias,? or from use of a trapping agent
such as methyl methacrylate, generating a remote stereo-

(8) As an illustration, the cis-fused bicyclo[3.3.0] system 2 leads to the
formation of only the diastereomer 5a, wherein the radical intermediate
has been cleanly trapped from the exo surface. However, the lactone
system 3, wherein the exo—endo differentiation is less pronounced, leads
to a 3:1 mixture (determined by 'H NMR integration at 400 MHz) of
exo-endo diastereomers 6a.



3350 J. Org. Chem. 1982, 47, 3350-3353

center by hydrogen atom abstraction.

Aside from the caveat cited above, this radical coupling
strategy provides a reliable means of carbon-carbon bond
formation at a site where conventional electrophile-nu-
cleophile pairing methods are inapplicable. The fact that
the phenylseleno lactones serve as the optimal substrates
carries the bonus that these are generally stable, readily
characterized compounds available in high yield.*

The procedures for the conversion of 2a—¢ to the product
5a provide a representative comparison of experimental
protocols (see Experimental Section). Refinement and
application of this technology will constitute a subsequent
report.

Experimental Section

General Procedures. Infrared (IR) spectra were recorded on
a Beckman IR 4210 or a Perkin-Elmer 727B spectrometer. Proton
magnetic resonance (\H NMR) spectra were recorded at 90 (Varian
EM 390) or 400 MHz (Bruker WH-400). Carbon magnetic res-
onance spectra were recorded on a Varian CFT-20 or an IBM
NR-80 spectrometer. Chemical shifts for proton and carbon
resonances are reported in ppm () relative to Me,Si (5 0.0).

Analytical thin-layer chromatography (TLC) was done on
Analtech precoated TLC plates with silica gel GHLF (250-um layer
thickness). Column chromatography was done on Merck silica
gel 60 (70-230 mesh ASTM) or Baker silica gel (40-140 mesh).

Methylene chloride was dried by distillation from P,05 and
passed through a column of alumina. Toluene was dried by
distillation from calcium hydride and storage over sodium. All
reactions were run under an atmosphere of dry nitrogen.

Elemental analyses were performed by Robertson Laboratory.

3,3a8,4,5,68-Hexahydro-6-(2-(carbomethoxy)ethyl)-2H -
cyclopenta[b ]furan-2-one (5a). (A) Production of 5a from
the Acetoxymercurio Lactone 2a. To a solution of 0.28 g (2.03
mmol) of sodium trimethoxyborohydride and 1.91 g (22.2 mmol)
of methyl acrylate in 7 mL of methylene chloride (CH,CL,) at 0
°C was added 0.608 g (1.58 mmol) of the acetoxymercurio lactone
2a% in 7 mL of CH,Cl, via syringe pump over a 2-h period. The
reaction mixture was allowed to warm to room temperature and
was stirred for 12 h. After removal of the solvent in vacuo, the
crude product was purified by chromatography on silica gel.
Elution with 4;1 hexanes—ethy) acetate gave 66 mg (20%) of the
lactone ester 5a as an oil, homogeneous by TLC and spectroscopic
criteria; Ry 0.49 (1:1 hexanes—ethyl acetate); IR (CDCly) 1770, 1735
cm™ HH NMR (90 MHz, CDCl,) 6 4.55 (dd, 1 H, J = 2.5, 7.5 Hz),
3.66 (s, 3 H), 3.0-1.1 (m, 12 H); ¥*C NMR (CDCla) 8176.97, 173.17,
89.97, 51.20, 45.59, 37.39, 35.14, 32.07, 31.54, 29.86, 26.90. Dis-
tillation [bath temperature 145 °C (0.3 mmHg)] afforded an
analytical sample of 5a.

Anal. Caled for C;;H;¢O4 C, 62.23; H, 7.59. Found: C, 62.43;
H, 7.71.

(B) Production of 5a from the Iodo Lactone 2b. To a
solution of 100 mg (0.40 mmol) of the iodo lactone 2b,° 0.18 mL
(5 equiv) of methyl acrylate and a crystal of ABN in 5 mL of dry
toluene at 100 °C was added a solution of 0.105 mL (1 equiv) of
tri-n-butyltin hydride (Buz;SnH) in 0.5 mL of toluene via syringe
pump over a 5-h period. A second portion (0.18 mL, 5 equiv) of
methyl acrylate was then added together with a crystal of ABN.
Again, a solution of 0.105 mL (1 equiv) of BusSnH in 0.5 mL of
toluene was added dropwise over a 5-h period. The solvent was
removed in vacuo and the crude product purified by chroma-
tography on silica gel. Elution with 4:1 hexanes—ethyl acetate
gave 46 mg (54%) of the lactone ester 5a, homogeneous by TLC
and spectroscopic criteria.

(C) Production of 5a from the Phenylseleno Lactone 2¢c.
To a solution of 250 mg (0.36 mmol) of the phenylseleno lactone
2¢* and 0.80 mL (10 equiv) of methyl acrylate in 2.5 mL of dry
toluene at 110 °C was added a solution of 937 mg (3 equiv) of
triphenyltin hydride (Phy;SnH) in 2.5 mL of toluene over a 12-h
period via syringe pump.!® The solvent was removed in vacuo

(9) Klein, J. J. Am. Chem. Soc. 1959, 81, 3611-3614.

(10) More rapid addition of the PhySnH resulted in the formation of
increased amounts of the reduction product 2 (X = H) at the expense of
5a.
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and the residue chromatographed on 50 g of silica gel. Elution
with 4:1 hexanes-ethyl acetate gave 132 mg (70%) of the lactone
ester 5a, homogeneous by TLC and spectroscopic criteria.
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The air oxidation of organocopper compounds (RCu) is
a well-documented reaction which leads to dimer as the
major product.! Preparation of dimers in high yield from
aryl-, alkyl-, alkenyl-, alkynyl-, heteroaryl-, and functional
alkylcopper compounds have been reported.? Whitesides
et al.® have further shown that high yields of dimer are
obtained from air oxidation of copper(I) ate complexes
(R,CuLi) such as primary and secondary alkyl, vinyl,
ethynyl, and aryl derivatives. Thus, octane was obtained
in 84% yield and biphenyl in 75% yield from air oxidation
of lithium di-n-butylcuprate and lithium diphenylcuprate,
respectively.

We have found that when bis[2,6-bis(methoxymeth-
oxy)-4-methylphenyl]cuprate is prepared and oxidized as
shown in eq 1 in the manner described by Whitesides et

RH — 2 RLi + [ICuP(C;Hy);], —o> RyCuli ———
ROH + R-R (1)

=78 °C

F
RLI + YCubr g*—c- RoCuLi

>—— ROH + R—R 2
RLI + cuBr —e Ry 2
0 °C
OCH20CH3
R=CH3

OCH>CCH 3

al.? for diphenylcuprate, the course of the reaction is
changed considerably. The corresponding phenol (ROH

(1) (a) Posner, G. H. Org. React. 1975, 22, 253-400 and references
therein. (b) Normant, J. F. Pure Appl. Chem. 1978, 50, 709. (c) Smith,
R. A. J.; Hannah, D. J. Tetrahedron 1979, 35, 1183.

2) Kauffma.nn, T. Angew. Chem., Int. Ed. Engl. 1974, 13, 291-305 and
references therein.

(3) Whitesides, G. M.; San Filippo, J., Jr.; Casey, C. P.; Panek, E. J.
J. Am. Chem. Soc. 1967, 89, 5302-5303.
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