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filtered. The filter cake was washed with ca. 2 1. of water and air- 
dried to give 5 as an off-white solid, 82 g (89%), mp 153-259". 
This solid was recrystallized in four batches from 50:50 v/v ace- 
tone-absolute ethanol to give 5, 65.4 g (71%), mp 163-166, 164- 
167, 163-165, 162-165" (lit.4 mp 163.5-165.5"). The infrared spec- 
trum of the product exhibited absorption due to a nonconjugated 
cyano group at  2275 cm-l (litV4 2280 cm-I). 

Diethyl 2,6-Naphthalene-a,a,a',a'-tetracyanodiacetate (7). 
To sodium ethoxide [freshly prepared from sodium metal (22.6 g, 
0.548 g-atom) and absolute ethanol (240 ml), followed by removal 
of excess alcohol at reduced pressure] was added diethyl carbonate 
(292 g, 2.48 mol), toluene (100 mi), and 5 (52.5 g, 0.25 mol). This 
mixture was stirred mechanically and distilled until the boiling 
point reached 111". Toluene (100 ml) was added, and the mixture 
was cooled to 0". Cyanogen chloride (36.9 g, 0.60 mol) was dis- 
tilled into the reaction mixture kept at 0-5". After the completion 
of the cyanogen chloride addition (ca. 6 hr), the mixture was 
heated at  55-60" for 2 hr and then cooled to room temperature 
and filtered. The filter cake was washed with ice-water and re- 
crystallized from benzene to give 7 as an off-white solid, 60 g 
(60%), mp 141.5-143.5". Recrystallization from benzene gave mp 
142-143.5". This compound showed infrared absorption at 2270 
(nonconjugated CN), 1750 (ester carbonyl), and 1240 cm-1 (ester 
C-0). The nmr spectrum of 7 exhibited absorption at 6 1.20-1.45 
(triplet, J = 7.5 Hz, 6 H, -CH2CHs), 4.25-4.65 (quartet, J = 7.5 Hz, 
4 H, -CHzCHa) and 7.75-8.35 (multiplet, 6 aromatic protons). 

Anal. Calcd for CzzHl6N404: C, 66.00; H, 4.03; N, 13.99. 
Found: C, 65.68; H, 3.83; N, 14.12. 
2,6-Naphthalenedimalononitrile (6).14 To a magnetically 

stirred 10% potassium hydroxide solution was added 7 (4.00 g, 10 
mmol), and this mixture was stirred at  room temperature until 
homogeneous. Hydrochloric acid (6 N, 11.2 ml) was added care- 
fully, and a quantitative yield of 6, mp 233-240" dec, precipitat- 
ed.16 The precipitate was recrystallized from acetonitrile4 to give 
6, 1.86 g (72%), mp 251-253" dec (lit.4 mp 241-243" dec). The in- 
frared spectrum of this material (Nujol and Fluorolube) is in ac- 
cord with that previously reported.4 

Anal. Calcd for ClaHsN4: C, 74.99; H, 3.15; N, 21.86. Found: C, 
74.98; H, 3.18; N, 21.80. 
11,11,12,12-Tetracyano-2,6-naphthoquinodimethan (TNAP, 

1). General Method of Preparation from 7.14 AS described 
above, 7 (10.0 g, 25 mmol) and 10% potassium hydroxide (75 ml) 
were stirred until homogeneous. Hydrochloric acid (6 N, 28 ml) 
was added; a precipitate of 6 formed. To this suspension of 6 
was added bromine (5.0 g, 31.2 mmol) in ice-water (250 ml), and 
a purple precipitate formed immediately. This precipitate was fil- 
tered and washed with ice-water, acetonitrile, and ether to give 6 
g (100%) of crude 1. This material was purified in batches as fol- 
lows. Crude 1 (ca. 500 mg) was suspended in boiling acetonitrile 
(2000 ml), the suspension was filtered, and a precipitate (300-400 
mg) of 1 and its oligomer4 formed. This precipitate was dissolved 
in acetonitrile and chromatographed on Florisil (60-100 mesh) 
and eluted with acetonitrile until no more 1 was eluted, as judged 
by the color of the column effluent. As much as 1 g of 1 and its ol- 
igomer could be chromatographed on 350-400 g of Florisil. The 
column effluent was concentrated by evaporation under reduced 
pressure, and the precipitated 1 was recrystallized from acetoni- 
trile to give 1 as metallic purple plates, mp >365" (lit.4 mp 
>420"). The recovery of 1 from the chromatographic experiment 
is ca. 50%. The infrared and uv-visible spectra of 1 are in accord 
with those previously r e p ~ r t e d . ~  

Anal. Calcd for CleH6N4: C, 75.58; H, 2.38; N, 22.04. Found: C, 
75.57; H, 2.57; N, 21.98. 

Tetrathiafulvalinium 11,11,12,12-Tetracyanonaghtho-2,6- 
quinodimethanide (TTF-TNAP). To a hot solution of 1 (16 mg, 
0.063 mmol) in acetonitrile (65 ml) was added a hot solution of 3 
(14.2 mg, 0,069 mmol) in acetonitrile (5 ml). The mixture slowly 
cooled to room temperature, was filtered, and vacuum dried, 
240-245" dec. 

Anal. Calcd for C Z ~ H I ~ N ~ S ~ :  C, 57.62; H, 2.20; N, 12.22; S, 
27.96. Found: C, 57.75; H, 2.35; N, 12.51; S, 27.97. 

Diethyl 1,12-Biphenylene-a,a,a',a'-tetracyanodiacetate. A 
mechanically stirred mixture of diethyl carbonate (146.1 g, 1.24 
mol), sodium ethoxide (18.0 g, 0.265 mol), p,p'-bis(cyanomethy1)- 
biphenyl (29.0 g, 0.125 mol), and toluene (100 ml) was distilled 
until a boiling point of 111" was reached. The mixture was cooled 
to O', and cyanogen chloride (18.45 g, 0.30 mol) was distilled into 
the mixture, which was kept at 0-5". After cyanogen chloride ad- 
dition was completed, the mixture was heated at  50"55" for 2 hr. 
Addition of hexane to the mixture formed a precipitate which was 

wasbed with ice-water to give a gummy solid. The gummy solid 
was heated in benzene and filtered. Evaporation of the benzene 
solution gave an oil which slowly crystallized. Absolute ethanol 
was found to be a satisfactory recrystallization solvent, and three 
crystallizations from it gave 7.0 g (13%) of the desired compound, 
mp 125-127.5". This compound showed infrared absorption at 
2270 (nonconjugated CN), 1760 (ester carbonyl), and 1230 cm-I 
(ester C-0).  The nmr spectrum exhibited resonances at 6 1.20- 
1.50 (triplet, J = 7.5 Hz, 6 H, -CHzCH3), 4.20-4.65 (quartet, J = 
7.5 Hz, 4 H, -CHZCH~), and 7.65-8.00 (complex, 8 H, aromatic 
Drotons). 

Anal.' Calcd for C~4H18N404: C, 67.60; H, 4.25; N, 13.14. 
Found: C, 67.59; H, 4.22; N, 13.15. 
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NS-Hydroxyornithine (I), isolated as a degradation 
product of a host of naturally occurring hydroxamic 
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acids,293 has not as yet been observed free in nature. In 
view of its antimicrobial activity,4 an efficient chemical 
synthesis of 1 has again become of interest. The first pre- 
vious approach,S based on partial reduction of 2 followed 
by hydrolysis, gave racemic 1 in very low overall yield. Al- 
ternatively, alkylation of 0-benzyl-N-tosylhydroxylamine 
with 1,3-dibrornopropane, subsequent condensation with 
diethyl acetamidomalonate, hydrolysis, decarboxylation, 
and acetylation furnished racemic 3 which served as sub- 
strate for enzymatic resolution, eventually affording both 
enantiomers of 1 in unspecified yield.6 W-Hydroxyor- 
nithine was also prepared,' analogous to the methods em- 
ployed in the synthesis of ferrichrome,8 by partial reduc- 
tion of methyl 2-acetamido-5-nitrovalerateg followed by 
hydrolysis. 

We synthesized racemic 1 by hydrolysis of nitrone 5 ,  
prepared by N-alkylationloJ1 of anti-benzaldoxirnel2 with 
methyl 2-acetamido-5-iodovalerateQ derived from 4.13 In a 
modification of Buehler's procedurelo crystalline thalli- 
um(1) anti-benzaldoximate was reacted with methyl 2- 
acetamido-5-iodovalerate in dimethylformamide, but the 
yield of nitrone 5 was essentially the same as that at- 
tained with lithium and sodium salts of anti-benzaldox- 
ime in methanol. Hydrolysis of the purified nitrone 5 af- 
forded 1 in crystalline form for the first time. 
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NS-Hydroxy-~-arginine (9), recently isolated as a me- 
tabolite of Nannizzia gypsea, a mold belonging to the 
class of Ascomycetes,l4 and as a metabolite of a Bacillus 
species,l exhibits antibiotic properties reversible by L-ar- 
ginine and ~-citrulline.l5 To further evaluate the biologi- 
cal properties of this new amino acid, a chemical synthe- 
sis of 9 was desirable. 

Racemic 9 was prepared starting with nitrone 5, which, 
after conversion to amide 6 and short treatment with hy- 
drochloric acid, afforded 7 containing the proper protec- 
tive groups. The carboxamide function in 7 was desirable 
in view of the facile ring closure of 1 to give 3-amino-l- 
hydro~y-2-piperidone.~6 Amide 7 was treated with S- 
methylisothiourea and the reaction mixture ' was hydro- 
lyzed to afford 9, which was isolated as the crystalline hy- 
drochloride. As expected, synthetic 9 exhibited 50% of the 
antibiotic activity of the naturally occurring L form.1 

Experimental Sectim 
Melting points were observed on a Reichert Thermopan hot 

stage and are uncorrected; pmr spectra were recorded on a Varian 
H-100 spectrometer with TMS as either internal (CDCls) or ex- 
ternal (DgO) standard depending upon the solvent. Precoated sil- 
ica gel F-254 layers (E. Merck, Daqs tad t )  were employed for tlc 
in connection with systems 1 (chloroform-ether, 1:5, v/v), 2 
(chloroform-methanol-concentrated ammonium hydroxide-water, 
1:4:2:1, v/v), and 3 (chloroform-ethyl acetate-methanol, 5:5:1, 
v/v) . Adsorption chromatography was performed with silicic acid, 
100 mesh (Mallinckrodt), or with silica gel, 0.05-0.20 mm (M. 
Woelm) . 

anti-Benzaldoxime Thallium(1) Salt. To a solution of 2.65 g 
(21.9 mmol) of anti-benzaldoximelz in 25 ml of anhydrous ethanol 
was added 100 ml of 0.219 N thallous ethoxide solution, where- 
upon the product immediately deposited as light-yellow prisms. 
The suspension was concentrated to near dryness after addition of 
100 ml of anhydrous benzene, resuspended in hexane, and filtered 
to yield 6.85 g of the thallium(1) salt (96.5% yield), mp >175" dec. 

Anal. Calcd for CTHSNOT1: C, 25.91; H, 1.86; N, 4.32. Found: 
C, 25.57; H, 1.77; N, 4.32. 

Methyl 2-Acetamidovalerate 5-(a-Phenylnitrone) (5 ) .  Proce- 
dure A. To a solution of 2.416 g (8.08 mmol) of methyl 2-acet- 
amido-5-iodovalerateg in 20 ml of methanol and 10 ml of di- 
methylformamide was added 2.621 g (8.08 mmol) of anti-benzal- 
doxime thallium(1) salt. After stirring for 22 hr the pH value had 
dropped to ca. 8.5 (wet indicator paper) and solid ammonium 
chloride was added to reach neutrality. The mixture was filtered, 
the thallium salts were washed with methanol, and filtrate and 
washings were concentrated to a syrup. This syrup was extracted 
repeatedly with boiling chloroform; the extracts were filtered, 
concentrated, and charged to a column containing 100 ml of a 
chloroform slurry of silicic acid. The column was developed with 
250 ml of chloroform eluting benzaldoxime, 0-alkylated benzal- 
doxime emerged from the column after continued development 
with 250 ml of chloroform containing 2.5% 2-propanol; 5 was elut- 
ed as a sharp band with chloroform-2-propanol, 3:1, y/v, and ob- 
tained as crystalline residue after evaporation of the solvent. Re- 
crystallization from ethyl acetate gave 0.970 g of colorless needles 
(41% yield): mp 127"; Rf 0.35 (system 3); BTMS (CDCl3) 1.98 [m, 

Hz), 4.62 (dt, H-2, &,3a = 5 and J2,3b = JZ,NH = 7.5 Hz), 6.59 (d, 
NH, Jz," = 7.5 Hz), 7.41 (s, -CH=, superimposed H-3', H-4', 
and H-5'), and 8.22 (m, H-2' and H-6'). 

Anal. Calcd for C15H20N204: C, 61.63; H, 6.90; N, 9.58. Found: 
C, 61.89; H, 6.92; N, 9.56. 

Procedure B. To a solution of 8.08 g (66.7 mmol) of anti-benz- 
aldoxime and 19.95 g (66.7 mmol) of methyl 2-acetamido-5-iodo- 
valerate in 48 ml of dimethylformamide was added 47.6 ml of 1.4 
M lithium methoxide solution in methanol. The reaction mixture 
was concentrated to a syrup under reduced pressure after 20 hr, 
redissolved in chloroform, chromatographed, and purified as de- 
scribed in procedure A to yield 9.33 g of recrystallized 5 (48% 
yield) .I7 

The yield of the N-alkylation step depends to a certain extent 
upon the purity of the anti-benzaldoxime employed, whose analy- 
sis is particularly desirable if older preparations are to be used. 
The ratio of syn/anti in a given preparation of benzaldoximeecan 
be ascertained by nmr spectroscopy1* but is more conveniently 
estimated by tlc (system l), which permits differentiation be- 
tween syn (Rf 0.82) and anti (Rf 0.72) isomers of benzaldoxime 
and its salts. 

W-Hydroxy-DL-ornithine (1). A solution of.1.5 g (5.13 mmol) 
of nitrone 5 in 30 ml of 6 N hydrochloric acid was heated on the 
steam bath for 4 hr, and the solution was concentrated to dryness 
under reduced pressure and redissolved in 6 ml of solvent system 
2. After 2 hr 374 mg (2.52 mmol) of crystalline 1 base (49%) was 
deposited: mp 197" dec; Rf 0.72 (system 2); B T M ~  (D20) 2.30 [m, 
broad, ( C H Z ~ ] ,  3.50 (t, H-5, J4,a = 7 Hz), 4.30 (t, H-2, = 6 
Hz). 

N5-Hydroxyornithine ( 1) gave positive tests with ninhydrin and 
triphenyltetrazolium19 and a negative test with FeCls, and could 
be degraded to ornithine (Rf = 0.55, system 2) upon treatment 
with 47% hydriodic acid at 100" for 10 hr. 

*Anal. Calcd for CsHlzNz03: C, 40.53; H, 8.16; N, 18.91. Found: 
C, 40.30; H, 8.19; N, 18.94. 

The mother liquor was purified by chromatography on a col- 
umn of Dowex 505 and the resulting 1 dihydrochloride was con- 
verted to the crystalline 2-nitro-1,3-indandione salt of 15 (415 mg, 
1.22 mmol), exhibiting ir and nmr spectra identical with those of 
authentic W-hydroxy-L-ornithine 2-nitro-1,3-indandione salt ob- 

(CHZ)~], 2.00 (5, CHsCO), 3.72 (9, CH.@), 3.98 (t, H-5, 54,s = 6 
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tained from a hydrochloric acid hydrolysate of iron-free albomy- 
cin,20q21 6 ~ ~ 8  (DMSO-&) 1.77 [m, broad, (CH2)2], 3.04 (m, broad 
H-5), 3.62 (m, broad, H-2), and 7.20 (broad envelope representing 
6 protons) overlapping with 7.51 (m, H-5'-H-8'). 

Anal. Calcd for C ~ H ~ Z N ~ O & H ~ N O ~ :  C, 49.56; H, 5.05; N, 
12.38. Found: C, 49.41; H, 5.00; N, 12.42. 

2-Acetamidovaleramide li-(a-Phenylnitrone) (6). A suspen- 
sion of 4.00 g (13.68 mmol) of 5 in ca. 40 ml of liquid ammonia 
was kept in a sealed tube at 50" for 4.5 days. The residue ob- 
tained after evaporation of ammonia was recrystallized from 
methanol-ether to afford colorless nGedles (3.19 g, 84% yield) of 6, 
mp 170", Rf 0.06 (system 3). 

Anal. Calcd for C14H1~N303: C, 60.64; H, 6.91; N, 15.15. Found: 
C, 60.43; H, 6.92; N, 15.21. 

fl-Hydroxy-DL-arginine (9). A solution of 3.19 g (11.5 mmol) 
of 6 in 70 ml of concentrated hydrochloric acid (d 1.188) was heated 
on the steam bath for 15 min. The solution was concentrated to 
dryness under reduced pressure and the resulting crude 7 was 
dried over sodium hydroxide in vacuo overnight. The entire resi- 
due was dissolved in 8 ml of water, 3.19 g (22.9 mmol) of S-meth- 
ylisothiourea sulfate was added, and the pH of the solution was 
adjusted to 7 with dilute sodium hydroxide solution. The mixture 
was kept at room temperature for 5 days. During this period the 
pH of the solution was occasionally readjusted to 7.  The solution 
of crude 8 was evaporated to dryness under reduced pressure, and 
the residue was redissolved in 100 ml of 6 N hydrochloric acid and 
heated on the steam bath for 10 hr, evaporated, and dried over 
sodium hydroxide. The resulting residue was dissolved in 50 ml of 
water and the solution, after pH adjustment to  3, was charged to 
a column (25 x 680 mm) of Dowex 50W X-8, 200-400 mesh 
(Na+), previously rinsed with 3.4 1 of a pH 6.1 buffer, prepared 
by adding 0.1 M citric acid to 0.2 M dibasic sodium phosphate 
solution until pH 6.1 was reached (approximate ratio of solutions 
was 15:8), 

The column was subsequently developed with the pH 6.1 buffer 
to which 0.1 mol of sodium chloride per liter had been added. 
After 800 ml of effluent had been collected the column was eluted 
with the pH 6.1 buffer containing 0.3 mol of sodium chloride per 
liter. The effluent was now collected in 20-ml fractions, the anti- 
biotic activity of the fractions was monitored bioautographically,l 
and fractions 50-120 were pooled and desalted by charging to a 
column (50 x 400 mm) of Dowex 50W X-4, 50-100 mesh (H+). 
This column was rinsed with water until the effluent was neutral 
and then developed with 1 N ammonium hydroxide solution. 
Fractions of 500 ml each were collected as soon as ammoniacal 
development had started; fractions 7-11, containing the bioactive 
material, were pooled and concentrated to yield 1.1 g of viscous 9. 
This material was redissolved in water, and the solution was ad- 
justed to pH 5 with hydrochloric acid, concentrated, and diluted 
with ethanol to afford 1.04 g of 9 hydrochloride as needles (40% 
yield based on the conversion of 6 to 9 hydrochloride) with identi- 
cal Rf  values and pmr spectrum as reported for the L f0rm.l 

Anal Calcd for CaH14N403-HC1: C, 31.79; H, 6.67; N, 24.72. 
Found: C, 31.75; H, 6.91; N, 24.86. 

Registry No.-1, 40162-08-1; 1 dihydrochloride, 50678-85-8; 1 
2-nitro-1,3-indandione salt, 50678-86-9; 5, 50585-17-6; 6, 50585-18- 
7; 9 hydrochloride, 50585-19-8; anti-benzaldoxime thallium(1) 
salt, 50585-20-1; anti-benzaldoxime, 622-32-2; methyl 2-acet- 
amido-5-iodovalerate, 21753-88-8. 

References and Nbtes 
Paper V i i l  of this series: H .  Maehr, J .  F. Blount, D. L. Pruess, L. 
Yarmchuk, and M .  Keiiett, J. Antibiot. (Tokyo),  26, 284 (1973). 
T. Emery, Advan. Enzymol., 35, 135 (1971). 
H .  Maehr, Pure Appi. Chem., 28, 603 (1971).  
Preliminary results revealed weak antibiotic activity of racemic N5- 
hydroxyornithine against Escherichia coli B and Bacillus sp. 1283 B 
when tested under conditions described in ref 1. 
S. Rogers and J .  B. Nieiands, Biochemistry, 2, 6 (1963). 
Y.  isowa, T. Takashima, M .  Ohmori,  H. Kurita, M .  Sato, and K .  
Mori, Buli. Chem. SOC. Jap.,  45, 1461 (1972). 
G. Tomiinson and T. Viswanatha, Can. J. Biochem., 51, 754 (1973). 
W. Kelier-Schieriein and 6. Maurer, Heiv. Chim. A c h ,  52, 603 
(1 969). 
6. Maurer and W. Keiler-Schierlein. Heiv. Chim. Acta, 52, 388 
1196Ql 
~ .---,. 
E. Buehler, J. Org. Chem., 32, 261 (1967). 
E. Buehler and G .  E.  Brown,  J. Org. Chem , 32, 265 (1967). 
E. F. Schoenewaldt, R. B. Kinnei, and P. Davis, J. Org. Chem., 33, 
4270 (19681. > - - - ,  
i t h o u g h  we previously outlined this synthetic sequence (ref 3) ,  
Tomiinson and Viswanatha (ref 7) attempted the preparation of 
N5-hydroxyornithine by N-alkylation of sodium anti-benzaidoximate 

with unprotected 2-amino-5-bromovaieric acid and, predictably, ob- 
tained only proline. 
B. Fischer, W. Keller-Schierlein, H. Kneifei. W. A. Konig, W. Loef- 
fler, A. Muller, R. Muntwyler, and H .  Zlhner, Afch. Mikrobiol., 91, 
203 (1973). 
In contrast to a previous report,' N-acetyl-L-glutamic acid and N2- 
acetyl-i-ornithine do not reverse the antibiotic activity of 9 vs. E. 
coli, in agreement with the observations of Fischer, et ai. l 4  
T. F. Emery, Biochemistry, 5, 3694 (1966). 
i f  the alkylation (78 mmol) was conducted in methanol (150 ml) 
using 1.50 M methanolic sodium methoxide solution (52 ml) to gen- 
erate the sodium salt of anti-benzaidoxime, the yield of recrystal- 
lized 5 was 42%. 
G. G .  Kieinspehn, J .  A. Jung, and S. A.  Studniarz, J. Org. Chem., 
32, 460 (1967). 
G. A. Snow, J. Chem. SOC., 2588"(1954). 
J .  Turkova, 0. MikeS, and F. Sorm, Collect Czech. Chem. Com- 
mun., 27, 591 (1962). 
H. Maehr and R. G. Pitcher, J. Antibiot. (Tokyo),  24, 830 (1971). 

Coupling Reactions between Resonance Stabilized 
Organolithium Reagents and Cycloalkyl Halides1 

W. D. Korte,* K. Cripe, and R. Cooke 

Department of Chemistry, California State University at Chico, 
Chico, California 95926 

Received September 11, 1973 

Both lithium dialkylcuprates and organolithium re- 
agents have recently been shown to be extremely useful 
reagents for the synthesis of unsymmetrical hydrocarbons 
via a Wurtz-type coupling process between the organome- 
tallic reagents and alkyl halides.2 Lithium dialkylcuprates 
couple readily with a wide variety of alkyl, aryl, and vinyl 
halides2a,b and organolithium reagents condense with pri- 
mary and secondary halides.2c-g The products from the 
coupling reaction can freqyently serve as key intermedi- 
ates for the synthesis of carbonyl compounds.2c.g One of 
the limitations of these versatile reagents appeared to be 
the low yields associated with the reaction when per- 
formed with cycloalkyl halides. Although lithium dimeth- 
ylcuprate and cyclohexyl iodide did condense to give a 
75% yield of methylcyclohexane,2* the reaction between 
cyclohexyl bromide and lithium di-n-butyl-(tri-n-butyl- 
phosphine)cuprate only gave a 25% yield of the coupled 
product, n-butylcyclohexane.2b 

Resonance stabilized organolithium reagents, such as 
benzyllithium and allyllithium, are both strong nucleo- 
philes and relatively weak bases compared to alkyllithium 
reagents such as n-butyllithium.3 This combination of 
properties has proved to be compatible with the displace- 
ment of both bromide and iodide ions from cyclohexyl and 
cyclopentyl systems so that high yields of substituted cy- 
cloalkanes can be obtained by a direct Wurtz-type cou- 
pling procedure 

RLi + ,R'X -+ RR' + LiX 

Tables I and I1 summarize the results of this study with 
five different organolithium reagents and two cycloalkyl 
systems. 

Four trends in reactivity are indicated from the data in 
Table I. (1) The use of cyclohexyl bromide and cyclohexyl 
iodide led to much higher yields of coupled products than 
the corresponding reactions with cyclohexyl chloride or 
cyclohexyl tosylate. (2) The yields from reactions with cy- 
clohexyl bromide were greater than yields from reactions 
with cyclopentyl bromide. (3) Benzylic reagents, benzyl- 
and benzhydryllithium, were slightly superior to the allyl- 
ic reagent in the displacement reaction. (4) Diethyl ether 
appeared to be slightly superior to tetrahydrofuran as a 
solvent for these reactions.4 It should also be noted that 
displacement of the tosylate group was accomplished 


