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tained from a hydrochloric acid hydrolysate of iron-free albomy-
cin,20,21 §,0s (DMSO-dg) 1.77 [m, broad, (CHz)z), 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. Caled for CsH1aN303-CoHsNOy4: C, 49.56; H, 5.05; N,
12.38, Found: C, 49.41; H, 5.00; N, 12.42.

2-Acetamidovaleramide 5-(a-Phenylnitrone) (6). A suspen-
sion of 4.00 g (13.68 mmuol) 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 needles (3.19 g, 84% yield) of 6,
mp 170°, R; 0.06 (system 3). )

Anal. Caled for C14H19N303: C, 60.64; H, 6.91; N, 15.15. Found:
C, 60.43; H, 6.92; N, 15.21.

N3-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 m} 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
(Nat), 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,t
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 ammonjum 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 R; values and pmr spectrum as reported for the . form.*

Anal. Caled for CeH14N4O3-HCL: 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(I)
salt, 50585-20-1; anti-benzaldoxime, 622-32-2; methyl 2-acet-
amido-5-iodovalerate, 21753-88-8.
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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.? Lithium dialkylcuprates
couple readily with a wide variety of alkyl, aryl, and vinyl
halides?a:® and organolithium reagents condense with pri-
mary and secondary halides.2c-8 The products from the
coupling reaction can frequently serve as key intermedi-
ates for the synthesis of carbonyl compounds.2¢8 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-
yleuprate and cyclohexyl iodide did condense to give a
75% yield of methylcyclohexane,?® 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, 2P

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.® 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 IT 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 1. (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.* It should also be noted that
displacement of the tosylate group was accomplished
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Table I
Coupling Reactions with Cycloalkyl Halides?®
% yield of coupled products, RR’%
RLi R/Cl? R’Br RL R/OTg®

CH,=—=CHCH,Li 10/ 78 (68)r  (70)* 86 21

(3052-45-7) (2114-42-3) (3524-75-2)
PhCH,Li 35 (20)¢ 20 (75)s  (BB)* 89 55

(766-04-1) (4410-75-7) (4410-78-0)
PhCH,MgCl 24 80
(Ph),CHLi 93 (88) 67

(881-42-5) (50585-08-5) (50585-09-6)

@ All reactions were run in diethyl ether solvent at room temperature under an atmosphere of dry N; unless otherwige noted.
b Registry no. for cycloalkyl halides: eyclohexyl chloride, 542-18-7; cyclohexyl bromide, 108-85-0; cyclgpentyl _bromlde, 137-
43-9; cyclohexyl iodide, 626-62-0. Registry no. for compounds are in parentheses under compound or yield. ¢ Yields are bas.ed
on R’X added (not consumed) and represent distilled samples at least 98% pure by gle. ¢ R’ = cyclohexyl unless otherwise
noted. ¢ Ts = tosyl. Registry no. for cyclohexyl tosylate, 953-91-8. / The reaction mixture was refluxed for 24 hr before
work-up. About 809, of the cyclohexyl chloride was recovered. ¢ The reaction was run in tetrahydrofuran solvent. * R’ =

cyclopentyl.
Table II
Reactions with Methyl-Substituted Allyllithium Reagents¢?
i 7, coupling af-—— — Total
Reaction RLi R’Br C-1 C-3 yield, %
1 CH,;C ) H=CHC,H,Li c-C¢H,;Br 68 32 75
(]3.63“’%-44-9) o ' (5860-28-6) (50585-11-0)
2 CH3C(3)H=CHC(1)H2L1 PhCHchzBr 63 37 74
3 (CH;;) 2C£3)ZCHC(1)H2Li C-CeHnBY 85 15 70
(50585-10-9) (50585-12-1) (50830-96-1)
4 (CH5)20(3)=CHC(1)H2Li PhCHchQBI' 100 75

« All reactions were run in diethyl ether solvent. * Registry no.

more effectively with the benzyl Grignard reagent than
with the benzyllithium reagent.5

The greatest synthetic potential of these reactions may
reside in the selectivity of reaction when there are two dif-
ferent and competitive anionic sites, on C-1 and C-3 of
the allylic reagent, where coupling can occur. Resonance
forms indicate the two possible positions for substitution

RiR,C=CHC,H, <~ RuR,Co/CH=Cy, Hy
R, and R, =CH; or H

When R; and Rg are both methyl groups, substitution oc-
curs almost exclusively at the terminal position C-1 and
not at the internal position C-3. The reaction of (2-bro-
moethyl)benzene with 3-methylbutenyllithium (reaction
4, Table II) led to only one product, (5-methyl-4-hexenyl)-
benzene, and when the same organolithium reagent was
coupled with cyclohexyl bromide (reaction 3, Table II),
85% of the coupling product was (3-methyl-2-butenyl)cy-
clohexane. This would indicate that hydrocarbons of the
structure type RCHoCH=CR'R’’, of considerable inter-
est in terpene synthesis, can be readily prepared by this
procedure, and that the procedure of generating allyl-
lithium from allyl phenyl ether surmounts the synthetic
difficulties observed when allylic reagents are prepared
from allyl mesitoates and coupled with saturated alkyl
halides.?d When crotyllithium was used, Ry = CHj, Ry =
H (reactions 1 and 2, Table II), there was an increase in
substitution at C-3, but the predominant product (about
70%) was still derived from substitution at C-1 in contrast
to reactions with crotyl Grignard reagent which produces
sec-butenyl derivatives.® The exact ratio of substitution at
C-1 and C-3 appears to be a complex relationship between
the solvent type, and the structure of the organolithium
reagent and alkyl halide.”

At room temperature and with diethyl ether solvent,
the coupling reactions with cyclohexyl iodide and cyclo-
hexyl tosylate were complete in less than 2 hr, but the
reactions with cyclohexyl bromide required up to 8 hr for
completion when a 50% excess of the organolithium re-

are found in parentheses.

agent was used. The ease of preparing the relatively stable
resonance stabilized organolithium reagents in diethyl
ether or tetrahydrofuran, the rapid rate of reaction, and
the high yields of hydrocarbons obtained should make
Wurtz-type coupling reactions with allylic and benzyllic
reagents attractive for general organic synthesis.

Experimental Section

The general method of performing these reactions as well as the
procedures for preparing allyllithium, benzyllithium, and benzhy-
dryllithium have been described previously.2e-8 Crotyllithium and
3-methylbutenyllithium were prepared in a manner analogous to
that of the preparation of allyllithium. Comparison of physical
constants with those reported in the literature as well as the
agreement of infrared and nmr spectra with the assigned struc-
tures confirmed the identity of the products. An example of the
experimental procedure is described below.

Reaction of 3-Methylbutenyllithium with Cyclohexyl Bro-
mide. The organolithium reagent was prepared by slowly adding
an ethereal solution (50 ml) containing 3-methyl-3-buteny! phenyl
ether (12.1 g, 0.075 mol) to a rapidly stirred mixture of anhydrous
diethyl ether (100 ml) and lithium metal wire (1.4 g, 0.2 mol). As
the reaction proceeded, the solution turned a deep red color. Oc-
casionally, a mixture containing about 20% of the total allyl phe-
nyl ether must be stirred up to 2 hr and gently heated before the
reaction starts. The organolithium reagent was separated from
excess lithium metal by carefully pumping the ethereal solution
by Nz pressure into a clean reaction vessel. Cyclohexyl bromide

. (7.9 g, 0.05 mol), dissolved in ether (50 ml), was slowly added to

the organolithium reagent and the mixture stirred for 8 hr. Work-
up consisted of washing the organic layer with 10% NaOH, three
times with water, and drying over sodium sulfate. Ge¢ analysis of
the crude mixture showed two principal peaks corresponding to
the two isomers. (3-methyl-2-butenyl)cyclohexane, and (1,1-di-
methyl-2-propenyl)cyclohexane, in a ratio of 85:15. Four fractions
(5.3 g) of the desirable hydrocarbons were collected on distillation
through a spinning band column. The first three fractions con-
tained mixtures of the two isomers. However, fraction 1 (0.2 g), bp
100-102° (16 Torr), contained about 80% (gc purity) (1,1-di-
methyl-2-propenyl)cyclohexane: nmr (CDCl3) 6 0.9 (s, 6 H, meth-
yl protons), 5.2 (m, 3 H, vinyl protons), and 1.5 (broad m, 11 H,
cyclohexyl protons). Fraction 4 contained 2.6 g (98% gc purity) of
(8-methyl-2-butenyl)cyclohexane: bp 106-108° (16 Torr), n2%p
1.4613, nmr (CDCls) & 1.8 (s, 8 H, methyl protons), 1.5 (broad m,
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13 H, cyclohexy! and methylene protons), and 5.5 (m, 1 H, vinyl -

proton) [lit.% bp 101-102.5° (10 Torr), n25p 1.4640].
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We have found a new method to transform S-hydroxy
sulfoxides (2) into a protected form of a-hydroxy al-
dehydes (3) by the Pummerer reaction with acetic anhy-
dride in the presence of sodium acetate.! Since 3-hydroxy

n T
RCH==CH, 5> RCHCH,SAr “-o> RCHCHSAr
! OH OAc

2 3

sulfoxides are obtained by the cooxidation of olefins and
thiols with oxygen,?2 a combination of the cooxidation and
the subsequent Pummerer reaction will provide an attrac-
tive route to a-hydroxy aldehydes from « olefins (1). How-
ever, the cooxidation is actually limited to olefins conju-
gated with electron-attacting groups such - as aro-
matic rings, ester, and nitrile.3 After some experimenta-
tion to establish a general method to get 2 from 1, we
have found that the irradiation of a black-light fluorescent
lamp is most suitable for the cooxidation of 1 and arene-
thiol with oxygen because the light is effective enough to
give the porduct and does not decompose it. The use of
approximately 2 equiv of 1 to thiol affords the product in
good yield. The various types of 2 were prepared as.sum-
marized in Tablel. ,

The similar cooxidation of 1-pentene (4) and p-toluene-
thiol in hexane did not give the corresponding 8-hydroxy

Notes

sulfoxide (6) but many unidentified substances. The reac-
tion in hexane-ethyl acetate (4:1) or hexane-acetone (4:1)
as solvent, however, afforded the corresponding 8-hydro-
peroxy sulfide (5) in good yield. It was found that 5 can be
converted into 6 by simply stirring the reaction mixture in
the presence of a catalytic amount of V2035, oxobis(ace-
tylacetonato)vanadium(IV), or dioxobis(acetylacetonato)-
molybdenum(VI). The sulfoxide 6 was isolated in 63-67%
yields (see Table I). The by-products were the correspond-
ing sulfide 7 and sulfone 8.

CH,CH,CH,CH=CH, 5> n-PrCHCH,SAr —
4
OOH

5

n-PrCHCH,SAr + n-PrCHCH,SAr + n-PrCHCH,SO,Ar

OH OH OH
6 7 8

Thus, in the cooxidation of olefins and thiols with oxy-
gen, olefins can be classified into three groups: (1) the
conjugated olefins such as styrene, acrylonitrile, and
methacrylate, which are known to be easily cooxidized to
the corresponding 3-hydroxy sulfoxides,3 (2) the a olefins
as shown in Table I, which are cooxidized under the irra-
diation of a black-light fluorescent lamp, and (3) 1-al-
kenes, which need catalyst in the transformation of 8-hy-
droperoxy sulfides to 8-hydroxy sulfoxides.

The 3-hydroxy sulfoxides (2) obtained here are all new
compounds, and this work in conjunction with the Pum-
merer process! constitutes a new and simple two-step syn-
thesis of a-hydroxy aldehyde derivatives (8) from « olefins

- (1). Recently 8-hydroxy sulfoxides were found to be con-

verted to «,8-unsaturated sulfoxides,* 8-chloro sulfones,®
and «,8-unsaturated sulfones.$

Experimental Section

The cooxidation reactions were carried out using freshly dis-
tilled olefins. The product is a diastereomeric mixture.

Procedure A-1, Preparation of 3-Acetoxy-2-hydroxypropyl
p-Tolyl Sulfoxide (2, R = AcOCHz). A solution of p-toluenethiol
(0.89 g, 7.15 mmol) and allyl acetate (1.30 g, 13.0 mmol) in hex-
ane (100 ml) contained in a 100-ml cylinder was efficiently bub-
bled with oxygen by means of a sintered-glass bubbler from the
bottom of the container under the irradiation of a black-light flu-
orescent lamp (Toshiba FL-20BLB)7 at room temperature over-
night. The formed white crystals were freed from the solvent by
decantation to give 1.515 g (82%) of 2 (R = AcOCHy). The prod-
uct was recrystallized from chloroform-hexane: ir (Nujol) 1008,
1025, 1243, 1728, and 3265 cm~1; nmr (CDCl3) & 2.06 (3 H), 2.44
(3 H), 2.55-3.35 (2 H), 4.0-4.65 (4 H), and 7.45 (4 H).

Anal. Caled for C12H16048: C, 56.24; H, 6.29; S, 12.51. Found:
C, 56:15; H, 6.10; S, 12.54. ‘

Procedure A-2. Preparation of 2-Hydroxy-3-phenylpropyl
p-Tolyl Sulfoxide (2, R = PhCHbz). A solution of p-toluenethiol
(1.13 g, 9.09 mmol) and allylbenzene (2.15 g, 18.2 mmol) in hex-
ane (200 ml) was subjected to the cooxidation under the same
condition as above for 2 days. The formed crystals were collected
to afford 1.83 g (73%) of 2 (R = PhCHy). The mother liquor was
stirred with ca. 30 mg of V205 for & hr to give 0.25 g (10%) of the
additional product as insoluble crystals. The product was recrys-
tallized from benzene-hexane: ir (Nujol) 700, 810, 1045, 1085, and
3325 cm~1; nmr (CDCls) § 2.39 (3 H), 2.85 (4 H), 4.00 (1 H), 4.95
(1H), and 7.30 (9 H).

Anal. Caled for C16H1502S: C, 70.04; H, 6.61; 8, 11.69. Found:
C, 70.05; H, 6.60; S, 11.73.

Procedure A-3. Preparation of 3-Acetoxy-2-hydroxybutyl p-
Tolyl Sulfoxide [2, R = CHaVH(OAc)]. A solution of p-toluene-
thiol (1.00 g, 8.05 mmol) and 3-acetoxy-1-butene (2.21 g, 19.4
mmol) in hexane (300 ml) was stirred in a 500-ml flask under the
atmosphere of oxygen and the irradiation of a black-light fiuo-



