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by distillation of the dichloromethane fraction from Florisil 
chromatography of the crude reaction mixture; bp 70 O C  (1 
mmHg). Pure 2 could be isolated by GC (10 ft X 0.25 in. column, 
5% DEGS on Chromasorb P, 135 "C). 
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The hydroxamate group is an important functionality 
in several natural products and is especially prevalent in 
certain siderophores such as ferrichrome, where it plays 
a key role in the complexation of ferric ion by these sub- 
stances.' Our interest in the synthesis of siderophore 
analogues made it desirable to be able to cleanly effect 
intermolecular N-alkylation of the hydroxamate function 
of a-amino acid hydroxamate derivatives. 

Because of the enhanced acidity (pK, = 6-10)2-4 of the 
hydroxamate NH as compared to an amide or urethane 
NH group (pK, = 15), it would be anticipated that selective 
N-alkylation should readily occur. The intermolecular 
N-alkylation by alkyl halides of hydroxamates of simple 
carboxylic acids has been rep~rted,"~ though in some in- 
stances 0-alkylation also has been observed. Intermole- 
cular alkylation of hydroxamates with alcohols mediated 
by diethyl azodicarboxylate-triphenylphosphine gives 
mainly or entirely the 0-alkylated p r o d u ~ t . ~ ~ ~ ~  Clean in- 
tramolecular alkylation on nitrogen has been reported7 in 
the preparation of P-lactams from 0-chloroalanine or serine 
and threonine hydroxamate derivatives. 

The 0-benzyl N*-(alkoxycarbonyl) a-amino acid hy- 
droxamates (1) used in this study were prepared by car- 
bodiimide-mediated condensation of the appropriate N- 
protected a-amino acids with O-benzylhydroxylamine 
(Table I).3 

We have observed that 0-benzyl N"-(alkoxycarbonyl) 
a-amino acid hydroxamates (1) undergo N-methylation on 
the hydroxamate function with sodium hydride-methyl 
iodide in dimethylformamide-methylene chloride at 50 "C 
to form the desired product 2 (Table 11). The reaction, 
if carried out at room temperature, was not complete after 
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T. J. Am. Chem. SOC. 1955, 77, 765. 

(5) Johnson, J. E.; Springfield, J. R.; Hwang, J. S.; Hayes, L. J.; Cun- 
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20 h. Analysis of the 'H NMR spectra of the crude re- 
action products did not show the presence of any O-al- 
kylated product nor of any product resulting from N- 
methylation of the urethane nitrogen. The O-methyl peak 
would be expected6P6 to occur a t  about 6 4.0, while that of 
the hydroxamate N-methyl resonance occurs in the region 
of 6 3.25 and the urethane N-methyl a t  about 6 2.8, as 
described below. We likewise did not observe, upon pu- 
rification of the N-methylhydroxamates by preparative 
medium-pressure liquid chromatography, other 0- or 
N-methylated products. It appears, therefore, that these 
products are not formed in the methylation reaction to any 
significant extent. 

Clean N-alkylation of the hydroxamate function ap- 
parently is unique for methyl iodide as an alkylation agent. 
Alkylation of Boc-Ala-NHOBzl (la) with ethyl iodide or 
benzyl bromide furnished a mixture of products in each 
case, from which we were able to isolate the N- and 0-alkyl 
products. For the reaction with ethyl iodide (eq l ) ,  the 

NHBoc 

0 4  

N-ethyl and 0-ethyl products were formed in an approx- 
imate ratio of 4:l. The 360-MHz lH NMR spectrum of 
the N-ethyl product was interesting in that each of the 
0-benzyl protons and the methylene protons of the N-ethyl 
group were nonequivalent. The benzylic protons occurred 
as an AB quartet centered at 6 4.9, while the N-ethyl 
methylene protons appeared as multiplets at 6 3.4 and 3.95. 
Decoupliig of each of these multiplets caused, in turn, the 
triplet a t  6 1.08 due to the ethyl CH3 group to collapse to 
a doublet (Jac = Jbc = 7 Hz). 

Reaction of la with diethyl azodicarboxylate-tri- 
phenylphosphine and methanol provided the N-alkylated 
hydroxamate 2a (eq 2) but in only 39% yield. It appears, 

NHBoc  

l a  
NHBoc - - - 

CH? 

2a 

therefore, that alkylation with methyl iodide in di- 
methylformamide-methylene chloride is the method of 
choice for preparation of these N-methylhydroxamate 
derivatives. 

Methylation of la, when carried out in tetrahydrofuran 
as the solvent and with 1 equiv of sodium hydride and 
methyl iodide, gave a low yield of alkylated product ac- 
companied by recovered reactant. Use of 2 equiv each of 
base and methyl iodide gave an equal mixture of the 
N*-methyl derivative 3 and NP-dimethyl derivative 4 (eq 
3). The lH NMR spectrum of 3 had an N-methyl peak 
at 6 2.83, while 4 had two N-methyl peaks at 6 2.93 and 
3.23. The monoalkylated product in this case resulted from 
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B O C  - !ti BOC - N_R - - - 
- n  

CH3-CGNHOCH2Ph CH3 CGN-CCH2Ph (3 )  
I 
R '  l a  

3, R = Me; R' = H 
4, R = R' = Me 

N-methylation at the less acidic, but presumably more 
reactive, urethane function; this  parallels the known N- 
methylation of the urethane amide nitrogen with sodium 
hydride-methyl iodide in tetrahydrofuran without me- 
thylation of the carboxylate function in N-protected a- 
amino acids.* It is apparent that in  tetrahdyrofuran as 
the solvent, methylation at the hydroxamate nitrogen is 
slow compared to the ra te  of methylation at the urethane 
function. In contrast to the above results, methylation with 
2 equiv each of sodium hydride and methyl iodide in di- 
methylformamidemethylene chloride gave the diakylated 
product 4 in 92% yield. 

Compounds 2a, 3, and 4 also were prepared by inde- 
pendent syntheses as outlined in Scheme I. 0-Benzyl-N- 
methylhydroxylamine ( 5 )  was prepared from O-benzyl- 
hydroxylamine by a sequence of reactions that involved 
introduction of the N-tert-butoxycarbonyl (Boc) group, 
followed by N-methylation and removal of the Boc func- 
tion. Coupling of 5 with Boc-Ala-OH (6) furnished 2a. 
N-Methylation of 6 giave the  known8 Boc-MeAla-OH (7), 
which upon reaction with 5 gave the dimethyl derivative 
4. Condensation of 7 with 0-benzylhydroxylamine fur- 
nished 3. lH NMR and  TLC comparison of 2a, 3, and 4 
established these to be identical with the respective com- 
pounds prepared by N-methylation. 

Experimental Section 
The N-protected L-amino acids and coupling reagents used in 

this study were commercially available. Tetrahydrofuran was 
distilled prior to use from sodium benzophenone ketyl. Methylene 
chloride was distilled from phosphorous pentoxide and stored over 
Linde 3A molecular sieves. Dimethylformamide was distilled from 
calcium hydride. 

Melting points were determined with a Thomas-Hoover ca- 
pillary melting point apparatus and are uncorrected. 'H NMR 
spectra were recorded on a Varian EM-360 spectrometer and, in 
certain instances, on a Nicolet NT-360 spectrometer. Optical 
rotations were recorded on a Perkin-Elmer 241 automatic po- 
larimeter. Thin-layer chromatography was performed on com- 
merical silica gel on glass plates (1 X 3 in.) developed in- 
hexane-acetone (7:3). Medium-pressure liquid chromatography 
(MPLC) was performed at  60-100 psi on glass columns packed 
with silica gel 60 (0.040.063 mm). Satisfactory combustion 
analyses (C, H, and N within &0.4% of theory) were obtained 
for all new compounds. 

General Procedure for the Preparation of Hydroxamates. 
To a stirred solution of 0-benzylhydroxylamine (5-10 mmol) and 
the N-Boc or N-Cbz a-amino acid (5-10 mmol) in 50 mL of 
THF/H20 (1:4) cooled to 0 "C was added 7-12 mmol of 1- 
ethyl-3-[3-(dimethylamino)propyl]carbodiimide hydrochloride 
(EDCI). The reaction mixture was stirred at  0 "C for 3 h and 
at  room temperature overnight. The solvent was removed under 
reduced pressure to give an oil, which was dissolved in EtOAc, 
washed with saturated NaHC03, H20, and brine, and dried over 
Na2S04. The residue obtained upon evaporation of the solvent 
was subjected to chromatography or recrystallization. 

General Procedure for N-Methylation of Hydroxamates. 
An equimolar ratio of a 50% dispersion of sodum hydride (2-5 
mmol) was added, in portions, to a solution of hydroxamate (2-5 
mmol) and methyl iodide (2-5 mmol) in dry DMF/CH2C12 (l:l, 
20 mL) at  room temperature. After the addition of NaH, the 
reaction temperature was raised to 50 "C, and the reaction mixture 

(8) Cheung, S. T.; Benoiton, J. L. Can. J. Chem. 1977, 55, 906. 

Scheme I 
Boc- Ala-OH 6 

MeNHGCHZPh Boc-Ala-N - OCHzPh 
I 

5 
1. Boc-M;Ala-OH 

I 
Me 

2a 
BOC- MeAla- N - OCH2Ph 

Me BOC - MeAla-NH- OCH2Ph 

4 3 

was stirred a t  50 "C for 12 h. The reaction mixture was cooled 
and the solvent evaporated under reduced pressure. The residue 
was acidified with dilute HCl and extracted with EtOAc. The 
organic extract was washed with water and brine and dried 
(Na2S04), and the solvent was evaporated in vacuo. The product 
obtained was purified by using MPLC with elution by hexane- 
acetone (7:3). 

0 -Benzyl N"-( tert -Butoxycarbonyl)-N"-methyl-L-ala- 
ninehydroxamate (3). L-Alaninehydroxamate la (1.5 g, 5 "01) 
and CHJ (1.4 g, 10 mmol) were cooled to 0 "C in dry THF (50 
mL). To this cooled, stirred solution was added NaH (10 mmol) 
in small portions. After the addition of NaH, the reaction mixture 
was stirred for 1 h at  0 "C and a t  room temperature overnight. 
Ethyl acetate (10 mL) and water (5 mL) were added, and the 
mixture was concentrated in vacuo. The residue was dissolved 
in ethyl acetate, washed with water and brine, and dried ( N Q O J ,  
and the solvent was removed under reduced pressure. Two 
products, 3 (0.55 g, 35%; mp 91-92 "C) and 4 (0.5 g, 31%), were 
separated on chromatography with hexane/acetone (7:3) as the 
eluant. For 3: 'H NMR (CDC13) 6 1.43 (s, 9 H, Boc), 2.83 (8, 3 
H, NCH,), 4.96 (s, 2 H, CH2Ph), 7.48 (s, 5 H, phenyl), 9.28 (br 
s, 1 H, NH). Anal. Calcd for C1BH24N204: C, 62.32; H, 7.84; N, 
9.08. Found: C, 62.36; H, 7.90; N, 8.92. 

Methylation of la with Methanol-Diethyl Azodi- 
carboxylate-Triphenylphosphine. A mixture of la (0.6 g, 2 
mmol), diethyl azodicarboxylate (0.35 g, 2 mmol), triphenyl- 
phosphine (0.52 g, 2 mmol), and 0.2 mL of methanol in 20 mL 
of dry THF was stirred a t  room temperature for 20 h and con- 
centrated in vacuo. The residue was dissolved in chloroform, 
washed with water and brine, dried (Na2S0,), and concentrated 
in vacuo. The crude product was chromatographed over silica 
with hexane/acetone (7:3) as the eluant. Product 2a (0.25 g, 
39.7%) was crystallized from hexane/acetone; mp 78-80 "C. 
0 -Benzyl N-Methyl-N"-( tert -butoxycarbonyl)-N*- 

methyl-L-alaninehydroxamate (4). Sodium hydride (0.14 g, 
6 mmol) was added in several portions to a stirred solution of la 
(0.83 g, 3 mmol) and CHJ (0.85 g, 6 mmol) in 30 mL of dry 
DMF/CH2C12 (1:l) at  room temperature. The temperature of 
the reaction mixture was raised to 50 "C, and it was stirred at  
that temperature for 12 h. The reaction mixture was cooled and 
treated with ethyl acetate (10 mL) and water (5 mL), and the 
solvent was evaporated to dryness. The residue was dissolved 
in ethyl acetate, washed with water and brine, dried (Na2S0,), 
and concentrated in vacuo. The oil (4) obtained was purified by 
using MPLC with elution by hexane/acetone (7:3): yield 0.84 g 

3.23 (s, 3 H, NCH3), 5.00 (s, 2 H, CH2Ph), 7.5 (s, 5 H, phenyl). 
Anal. Calcd for C17H26N204: C, 63.36; H, 8.13; N, 8.69. Found: 
C, 63.32; H, 8.43; N, 8.67. 
N-(tert-Butoxycarbony1)-0-benzylhydroxylamine. Di- 

tert-butyl dicarbonate (3.3 g, 18 mmol) was added to an ice-cold 
(0 "C), stirred solution of 0-benzylhydroxylamine (1.6 g, 15 "01) 
in dioxane/water (21,30 mL), and the mixture was stirred at room 
temperature for 30 min. The dioxane was evaporated under 
reduced pressure, and the aqueous solution, at  0 "C, was mixed 
with ethyl acetate (50 mL) and acidified to pH 2-3 with dilute 
potassium hydrogen sulfate. The separated water phase was 
extracted twice with EtOAc, the combined extracts were washed 
with water and dried (Na804), and the solvent was removed. The 
oil obtained was chromatographed over silica with hexane/acetone 
(7:3): yield 1.47 g (51%); 'H NMR (CDC13) 6 1.43 (s, 9 H, Boc), 
4.9 (s, 2 H, CH2Ph), 7.45 (s, 5 H, phenyl). 

N-( tert -Butoxycarbonyl)-N-methyl-0 -benzylhydroxyl- 
amine. To an ice-cold solution of N-(tert-butoxycarbony1)-0- 

(92%); 'H NMR (CDCl3) 6 1.45 ( ~ , 9  H, Bw), 2.93 ( ~ , 3  H, NCH,), 



5440 J. Org. Chem., Vol. 46, No. 26, 1981 Notes 

Table I. Preparation of 0-Benzyl N a - (  Alkoxycarbonyl) @-Amino Acid Hydroxamates (1)  
YHCOOR' NHCOOR' 

E COOH R CONHOBzl 

substrate 
N-Boc- L-alanine 
N-Cbz-balanine 
N-Boc-L-valine 
N-Boc-0-Bzl-bserine 
N-Boc-P-Bzl-L-aspartic acid 
N-Boc-r-Bzl-bglutamic acid 

[CY125D 
product mp,O "C yield,b 7% (c 1, CHCl,), deg 

l a  93-95 (AB) 72 -58.3 
l b  153-154 (C) 67 -36.5 
I C  123-124.5 (AB) 7 1  -37.6 

l e  123-125 (A) 79 -13.2 
If 114-115 (AB) 9 1  -26.5 

I d  76-77 (A) 82 t 13.7 

a Recrystallization solvent: A, hexane; B, acetone; C, ethyl acetate. Yields given are for recrystallized product. 

Table 11. Preparation of 0-Benzyl N-Methyl-Na-(alkoxycarbonyl) &-Amino Acid Hydroxamates (2)  

- K  W31, NaH 

R CONHOBzl DMF'CH2C'2 R CONOBzl 

I 
CH3 

1 

2 

yield,b 
compda Y R % [ " I Z 5 ~ ,  deg 

2a Boc CH, 82 + 29.5 (c  1, CHCI,) 

2b Cbz CH, 84 t31.0 (c  1, CHCI,) 

2c Boc i-Pr 82 +31.1 (c 1, CHCI,) 

2d Boc CH,OBzl 78 t 14.3 ( c  1, CHCI,) 

2e Boc CH,CO,Bzl 76 t 19.7 ( c  1.5, CHCI,) 

2f Boc (CH,),CO,Bzl 80 t 12.8 ( c  1, CHCI,) 

'H NMR (in CDCl,), 6 

1.45 (s,  9 H, Boc), 3.26 (s, 3 H, NCH,), 4.27 (9, 1 H,cY-H), 
5.01 (s, 2 H, CH,Ph), 5.51 (d,  1 H, NH), 7.48 (s, 5 H, 
phenyl) 

1.33 (d,  3 H, CH,), 3.23 (s, 3 H, NCH,), 4.66 (m, 1 H, 
a-H),  5.00 (s, 2 H, CH,Ph), 5.16 (s, 2 H, CH,Ph), 5.85 
(d,  1 H, NH), 7.46 (d,  10 H, phenyl) 

3.23 (s, 3 H, NCH,), 4.73 (m,  1 H, a-H),  4.96 (s, 2 H, 
CH,Ph), 5.33 (d ,  1 H, NH), 7.46 (s, 5 H, phenyl) 

4.53 (s, 2 H, CH,Ph), 4.83 (m,  1 H, CY-H), 4.96 (s, 2 H, 
CH,Ph), 5.53 (d, 1 H, NH), 7.41 (d, 10 H, phenyl) 

4.63 (m.  1 H. a-H). 4.96 (s. 2 H, CH,Ph), 5.13 (s, 2 H, 

0.93 (d, 6 H, CH,), 1.40 (s, 9 H, Boc), 2.1 (m,  1 H, methine), 

1.46 (s ,  9 H, Boc), 3.26 (s, 3 H, NCH,), 3.70 (m,  2 H, CH,), 

1.45(s,9H,Boc),2.73(m,2H,CH1),3.21(s,3H,NCH,), 

CH,Ph), 7.41 (s, 10  H, phenyl! 

3.23 Is, 3 H, NCH,). 4.83 (m. 1 H. a-H). 4.96 (s. 2 H. 
1.43 (s, 9 H, Boc), 2.00 (m, 2 H, CH,), 2.51 (m,  2 H, CH,), 

cH,Phj, 5.08 (s ,  2"H, c H , h j ,  7.43 (d; ' io  H, phenylj 
a All compounds were obtained as oils except 2a, which has a melting point of 78-80 "C. Yields reported are those for 

purified product obtained after MPLC on silica gel; see the Experimental Section for general procedure. 

benzylhydroxylamine (3.58 g, 15 mmol) and CHJ (3 mL) in dry 
THF (50 mL) was added NaH (1.2 g) in small portions. After 
the addition of NaH, the reaction mixture was stirred at  0 "C for 
1 h and at room temperature overnight. Ethyl acetate (20 mL) 
and water (10 mL) were added, and the mixture was concentrated 
in vacuo. The residue was dissolved in ethyl acetate, washed with 
water, sodium thiosulfate, and brine, dried (NazS04), and con- 
centrated to give product: 3.6 g (94%); 'H NMR (CDC13) 6 1.43 

5 H, phenyl). 
N-Methyl-0-benzylhydroxylamine (5). N-(tert-Butoxy- 

c a r b o n y l ) - N - m e t h y l - O - b e ~ ~ y ~ o x y ~ i n e  (4.6 g) was dissolved 
in anhydrous TFA (6 mL), stirred at room temperature for 30 
min, and concentrated to a viscous residue. The residue was 
dissolved in ether, washed with saturated NaHCO, and water, 
dried (Na,S04), and concentrated to an oil: 2.2 g (82%); 'H NMR 

NH), 7.35 (8,  5 H, phenyl). 
0 -Benzyl N-Methyl-N"-( tert -Butoxycarbonyl)-L-ala- 

ninehydroxamate (2a). N-(tert-Butoxycarbony1)alanine (0.47 
g, 2.5 mmol) and N-methyl-0-benzylhydroxylamine (0.34 g, 2.5 
mmol) were dissolved in dry CHzClz (50 mL), and the mixture 
was cooled to 0 "C. To this cooled solution was added NJV'- 
dicyclohexylcarbodiimide (DCC; 0.5 g, 2.5 mmol), and the mixture 
was stirred at 0 "C for 3 h and at room temperature overnight. 
The precipitated solid was filtered, and the solvent was removed 
under vacuo. The residue was dissolved in EtOAc and washed 

(9, 9 H, Boc), 3.06 (8, 3 H, NCH,), 4.9 (8 ,  2 H, CHzPh), 7.45 (9, 

(CDC1,) 6 2.66 (8,  3 H, NCHB), 4.7 (5, 2 H, CHzPh), 5.03 (d, 1 H, 

with saturated NaHC03, HzO, citric acid (5%), water, and brine. 
The organic extract, after being dried (Na2S04), was removed 
under reduced pressure. The oil obtained was chromatographed 
over silica with hexane-acetone (7:3) to give 2a: 0.3 g (39%); 
colorless crystals; mp 78-80 "C. This material was identical 
(NMR, melting point, TLC) with 2a prepared by methylation. 
0 -Benzyl N-Methyl-N"-( tert -Butoxycarbonyl)-Na- 

methyl-L-alaninehydroxamate (4). To an ice-cold solution of 
Na-( tert-butoxycarbony1)-Na-methyl-L-alanine8 (0.5 g, 2.5 "01) 
and 5 (0.34 g, 2.5 mmol) in dry CHzClz (30 mL) was added DCC 
(0.5 g, 2.5 mmol), and the mixture was stirred at 0 "C for 4 h and 
a t  room temperature overnight. The solid was filtered and the 
solvent removed under vacuo. The residue was dissolved in 
EtOAc, washed with aqueous NaHCO,, HzO, and citric acid (5%), 
dried (NazSO,), and concentrated in vacuo. The crude product 
was purified on chromatography with hexaneacetone (7:3) as the 
eluant to yield 4,0.21 g (27%). This material was identical (TLC, 
NMR ) with 4 prepared by methylation. 

0-Benzyl  Na-(  tert -Butoxycarbonyl)-Na-methyl-L-ala- 
ninehydroxamate (3). N-(tert-Butoxycarbony1)-N-methyl+ 
alanine (2.03 g, 10 mmol) and 0-benzylhydroxylamine (1.23 g, 
10 mmol) were dissolved in 20 mL of THF/HzO (1:4), and the 
mixture was cooled to 0 "C. To this cooled solution was added 
EDCI (2.8 g, 15 mmol), and the mixture was stirred a t  0 "C for 
3 h and at room temperature overnight. The mixture was con- 
centrated to an oil, extracted with ethyl acetate, and washed with 
saturated NaHCOs and brine. The organic extract, after being 
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dried (Na2S04), was evaporated to an oily product. This oil, on 
chromatography over silica with hexane-acetone (7:3), gave 3 2.1 
g (68%); mp 91-92 OC; ‘H NMR (CDCld 6 1.43 (s,9 H, Boc), 2.81 
(8, 3 H, NCHJ, 4.95 (8,  2 H, CH,Ph), 7.38 (e, 5 H, phenyl), 10.05 
(br 8, 1 H, NH). 
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we have described a thiol capture strategy 
for the amide bond-forming step of peptide synthesis and 
have reported a successful first test of the strategy in the 
form of a synthesis of a protected derivative of the peptide 
hormone s~matostat in .~ A key step in the thiol capture 
process involves an intramolecular acyl transfer involving 
a medium-sized ring containing a disulfide or a sulfur- 
mercury bond. Efficient transfer has been shown2 to re- 
quire precise geometries, and we here report synthesis of 
two molecular frameworks, 1 and 2, which fail to undergo 
detectable intramolecular acyl transfer and therefore do 
not meet the geometrical requirements. The syntheses of 
these species required new routes to functionalized 2,2’- 
substituted biphenyls and 4,4”-substituted o-terphenyls, 
and these are here reported. 

O A C  NH2 I c02cH3 

NH2 TCOzCH3 ‘ ‘S 
I 

2 1 

Although various derivatives of the o-terphenyl ring 
system have been reported, few are known in which both 
terminal rings are functionalized. Useful synthetic entries 

(1) Kemp, D. S.; Kerkman, D. J.; Hanson, G.; Leung, S.-L. J. Org. 
Chem. 1981,46,490. Kemp, D. S.; Kerkman, D. J.; Leung, S.-L. Tetra- 
hedron Lett. 1981,22, 181. 

(2) Kemp, D. S. Biopolymers 1981, 20, 1793. 
(3) Kemp, D. S.; Galakatos, N.; Bolin, D. ‘Proceedings of the 7th 

American Peptide Symposium”, Pierce Chemical Co., in press. 
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are 2-arylcyclohexanones, reported by Bachmann4 to result 
conveniently from the reactions of aryl Grignard reagents 
with 2-chlorocyclohexanone. Our reaction sequence is 
outlined in Scheme I. 

The dehydrogenation step proceeded satisfactorily only 
with sulfur fusion; palladium catalysts in our hands re- 
sulted in erratic and scale-dependent yields, and also 
formed the hydrogenolysis product of 3 as a byproduct that 
was difficult to remove. Subsequent functionalization of 
the dehydrogenation product followed routine paths. 
Demethylation with trimethylsilyl iodide gave 4; acetyla- 
tion followed by bromination (NBS), and treatment with 

(4) Bachmann, W. F.; Fujimoto, G .  I.; Nick, L. B. J. Am. Chem. SOC. 
1950, 72, 1995. 
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