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Thermal  rearrangement o f  the  hydrobromide of 2-benzylamino-3-(4-methoxyphenyl)-l-methylcyclopropylpro- 
panone (61, obtained f rom 1-acetyl-1-methylcyclopropane (2) through 3-(4-methoxyphenyl)-l-methylcyclopropyl- 
2-propenone (3), 3-(4-methoxyphenyl)-l-methylcyclopropylpropanone (4), and 2-bromo-3-(4-methoxyphenyl)- 
1-methylcyclopropylpropanone (51, gave l-benzyl-2-(4-methoxybenzyl)-4-methylpiperidin-3-one (7) in 71.2% 
yield, which was transformed t o  l-benzyl-1,2,5,6-tetrahydro-2-(4-methoxy~nzyl)-3,4-dimethylpyridine (10) by 
Gr ignard reaction, fol lowed by dehydration o f  the  result ing l-benzyl-3-hydroxy-2-(4-methoxybenzyl)-3,4-di- 
methylpiperidine (8). Since 10 had been converted t o  pentazocine ( l ) ,  th is  work constitutes a novel synthesis of 
pentazocine (1). 

The susceptibility of cyclopropane rings with suitable 
activating groups to several kinds of nucleophiles has been well 
do~umented*-~  since the studies of Bone and Perkin.8.9 Re- 
cently, Danishefsky reported1°-13 the nucleophilic homo- 
conjugate reactions of cyclopropanes with two geminal acti- 
vating groups and an enhanced activation of cyclopropanes 
with cyclic acylal. On the other hand, the acid-catalyzed 

thermal rearrangement of cyclopropylimines, which was 
originally reported by Cloke,14J5 has been shown to be a useful 
reaction for the synthesis of A1- or A2-pyrro1ines,l6-l8 and 
aminomethyl cyclopropyl ketones have been transformed to 
3-ketopiperidine rings.lg In contrast to the well-studied 
thermal rearrangement of cyclopropylimines, there have been 
very limited studies regarding the thermal rearrangement of 
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aminomethyl cyclopropyl ketones and this prompted us to 
examine its possible use for the synthesis of more complex 
objectives. 

Since peniazocine ( I ) ,  1,2,3,4,5,6-hexahydro-8-hy- 
droxy-6,1l-dimethyl-3-( 3-methyl-2-butenyl)-2,6-methano- 
3-benzazocine, was first synthesized by Archer et al.,zO many 
kinds of synthetic m e t h ~ d s ~ l - * ~  for this compound 1 have been 
reported because of its nonnarcotic analgesic activity. Herein 
we wish to report a simple and novel synthesis of pentazocine 
(1) by using the thermal rearrangement of aminomethyl cy- 
clopropyl ketone 6 as a key reaction. 

The key compound 6 in our synthesis was prepared as fol- 
lows. Condensation of 1 -acetyl-1-methylcyclopropane ( 2 ) * 5 ~ ~ ~  
with p-methoxybenzaldehyde in the presence of sodium hy- 
droxide, followed by the catalytic hydrogenation of the re- 
sulting styril ketone 3, afforded the cyclopropylpropanone 4 
in 81.35% overall yield. Bromination of the compound 4 with 
pyridinium hydrobromide perbromide in ether gave the 
bromide 5 [mle 296 (M+), 298 (M+ + 2), v,,, (CHC13) 1685 
cm-l, 6 (CDCl3) 4.47 (1 H, q, J = 6 and 9 Hz, -CO-CHBr-)I, 
which was subsequently treated with benzylamine in meth- 
anol to afford the key intermediate 6 in 75.6% yield (based on 
the propanone 4). 

Next, thermolysis of compound 6 was carried out to proceed 

A 

K I .  CH,CN 
6. HBr - 

C,,H- 

I 
OCH I 

(9) 

I 
OCH, 

(10) 

smoothly in high yield. A solution of hydrobromide of the 
compound 6 in acetonitrile was heated at  140-145 "C in a 
sealed tube in the presence of potassium iodide to give the 
piperidone 7 in 71.2% yield as a single product. The relative 
configuration between methyl and p-methoxybenzyl groups 
was assigned to be cis tentatively at  this stage and this was 
confirmed by a subsequent transformation to the piperidin- 
3-01 8, which was in turn derived from the known compound 
9.2zAt first the piperidone 92z was reduced with sodium bis(2- 
methoxyethoxy)aluminum hydride to afford 8. 

Finally, the piperidone 7 was treated with methylmagne- 
sium iodide in ether to furnish the piperidin-3-01 8 in 59% 
yield, which was shown to be identical with the authentic 
sample obtained above in its IR (CHC13) and NMR (CDC13) 
spectral comparisons and mixture melting points. The de- 
hydration was effected by treating the piperidin-3-01 8 with 
50% sulfuric acid to give the olefinic compound 10 as a single 
product in 81% yield. Our product 10 was found to be identical 
with the authentic samplez7 in its IR (CHC13), NMR (CDC13) 
spectrum, and mixture melting point. Since this olefin 10 had 
been transformed to pentazocine ( 1),27 this work constitutes 
a novel synthesis of pentazocine (1). Thus, we could demon- 
strate the thermal rearrangement of aminomethyl cyclopropyl 
ketone as a useful reaction for the synthesis of the compounds 
which contain a piperidine ring. 

Experimental Section 
Melting points are uncorrected. NMR spectra were taken with a 

JNM-PMX-60 spectrometer (tetramethylsilane as an internal ref- 
erence), IR spectra with a Hitachi 215 spectrophotometer, and mass 
spectra with a Hitachi RMU-7 spectrometer. 
3-(4-Methoxyphenyl)-l-methylcyclopropyl-2-propenone (3). 

A solution of 10.5 g of 1-acetyl-1-methylcyclopropane (21, 14.6 g of 
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p-methoxybenzaldehyde, 11 g of sodium hydroxide, 100 mL of water, 
and 80 mL of ethanol was stirred for 20 h a t  room temperature. After 
the addition of 200 mI, of water, the reaction mixture was extracted 
with ether. The ethereal extract was washed with saturated aqueous 
sodium chloride solutiion and dried over anhydrous sodium sulfate. 
Removal of the so1ven.t and unreacted p-methoxybenzaldehyde gave 
19 g of compound 3 a:! a yellow oil, which was used in the following 
reaction without purification. A part of the product was purified by 
preparative thin-layer chromatography on silica gel (ether-benzene, 
1:2) for the spectral data and microanalysis: UV (MeOH) 323 nm; IR 
(CHC13) 1633 cm-I (C=O); NMR (CDC13) 6 0.63-1.53 (4 H, m, cy- 
clopropyl protons), 1.43 (3 H, s, CH3), 3.81 (3 H, s, CH30), 6.70 (1 H, 
d , J  = 14 Hz,-CH=CH-),7.64 (1 H , d , J  = 14 Hz,-CH=CH-),6.90 
(2  H, d, J = 8 Hz, aromatic p protons), 7.45 (2 H, d, J = 8 Hz, aromatic 
a protons); MS m/e 2.16 (M+). 

Anal. Calcd for C14H1602.0.25H20: C, 76.25; H, 7.54. Found: C, 
76.10; H, 7.39. 
3-(4-Methoxypher1yl)-l-methylcyclopropylpropanone (4). A 

suspension of 18 g of compound 3 and 10 g of Raney nickel (Wz) in 400 
mL of ethanol was shaken under a current of hydrogen for 24 h. After 
removal of the catalys't, the ethanol was evaporated off to give a pale 
yellow oil, which was distilled to afford 18 g (81.35% yield based on 
compound 2) of compound 4 as a colorless oil: bp 115 "C (0.4 mmHg); 
IR (CHC13) 1680 cm-' (C=O); NMR (CDC13) 6 0.48-1.23 (4 H, m, 
cyclopropyl protons), 1.29 (3 H, s, CH3), 2.41-3.08 (4 H, m, -CO- 
CHzCHzAr), 3.72 (3 H., S, CH30), 6.76 (2 H, d, J = 9 Hz, aromatic P 
protons), 7.60 (2  H. d J = 9 Hz, aromatic a protons); MS m/e 218 
(M+). 

Anal. Calcd for C14H1802: C, 77.03; H, 8.31. Found: C, 76.70; H, 
8.36. 
2-Bromo-3-(4-methoxyphenyl)-l-methylcyclopropylpropa- 

none (5). To a solution of 5 g of compound 4 in 200 mL of ether was 
added in small portions 7.5 g of pyridinium hydrobromide perbromide 
under ice cooling and the resulting mixture was stirred for 4 h a t  the 
same temperature. After filtration, the filtrate was washed with sat- 
urated aqueous sodium thiosulfate solution and saturated aqueous 
sodium chloride solution and dried over anhydrous sodium sulfate. 
Evaporation of the solvent gave 7.5 g of bromide 5 as a yellow oil, 
which was used in the following reaction without further purification 
because of its instability. A part of this product was purified by pre- 
parative thin-layer chromatography on silica gel (CHC13) for spectral 
data and microanalysis: IR (CHC13) 1685 cm-' (C=O); NMR (CDC13) 
6 0.6-1.3 (4 H, m, cyclopropyl protons), 1.35 (3 H, s, CH3), 2.8-3.7 (2 
H, m, ArCH2-), 3.76 (3 H, s, CH30), 4.47 (1 H, q, J = 6 and 9 Hz, 
-CHBr-), 6.8 (2 H, d,  <I = 8 Hz, aromatic p protons), 7.1 (2  H, d,  J = 
8 Hz, aromatic (Y protons); MS mle 296 (M+), 298 (M+ +2).  

Anal. Calcd for C14Hli02Br: C, 56.58; H, 5.77. Found: C, 56.45; H, 
5.87. 
2-Benzylamino-3-(4-methoxyphenyl)- l-methylcyclopropyl- 

propanone )6). A solution of 7.5 g of bromide 5 and 11.3 g of benzyl- 
amine in 200 mL of methanol was refluxed for 5.5 h. After removal 
of methanol, the residue was dissolved in 100 mL of 10% hydrochloric 
acid, whose solution was washed with n-hexane. The aqueous layer 
was basified with 10% ammonium hydroxide solution and extracted 
with ether. The ethereal layer was washed with saturated aqueous 
sodium chloride solution and dried over anhydrous sodium sulfate. 
Removal of the solvent and unreacted benzylamine afforded a yellow 
oil, which was purified by column chromatography on 100 g of silica 
gel. Elution with hexane-benzene (2:3) gave 5.6 g (75.6% based on 
compound 4) of benzylamino derivative 6 as a colorless oil: IR (CHC13) 
1680 cm-' (C=0); NMR (CDC13) 6 0.5-1.2 (4 H, m, cyclopropyl 
protons), 1.23 ( 3  H, s, I C H ~ ) ,  2.68-3.0 (2  H, m, >CHCH,Ar), 3.3-3.75 
(3 H, m, -CHCH2- anll >NCHZAr), 3.8 (3 H, s, CHBO), 6.8 (2 H, d,  J 
= 8 Hz, aromatic B prosons), 7.1 (2 H, d, J = 8 Hz, aromatic a protons), 
7.2 (5 H, s, aromatic protons); MS mle 323 (M+). Hydrochloride 
formed colorless crystals: mp 163-164 "C. 

Anal. Calcd for C21I12jN02.HCl.0.5H20: C, 68.31; H, 7.38; N, 3.80. 
Found: C, 68.10; H ,  7.23; N, 3.83. 

l-Benzyl-2-(4-methoxybenzyl)-4-methylpiperidin-3-one (7). 
A solution of 325 mg of benzylamino derivative 6 hydrobromide and 
130 mg of potassium iodide in acetonitrile was heated a t  140-145 "C 
in a sealed tube for 3 days. After filtration of inorganic compound, the 
solvent was distilled off and the residue was dissolved in 20 mL of 1oo/o 
hydrochloric acid, whose solution was washed with n-hexane. The 
aqueous layer was basified with 10% ammonium hydroxide solution 
and extracted with ether. The ethereal layer was washed with satu- 
rated aqueous sodium thiosulfate solution and saturated aqueous 
sodium chloride solut con and dried over anhydrous sodium sulfate. 
Removal of the solvent afforded a yellow oil, which was subjected to 
column chromatography on 10 g of silica gel. Elution with benzene 
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gave a solid, which was recrystallized from benzene-hexane to afford 
185 mg (71.2%) of 7 as colorless needles, mp 104-105 "C: IR (CHC13) 
1710 cm-l (C=O); NMR (CDC13) 6 1.03 (3 H, d,  J = 6.5 Hz, CH3), 
1.5-3.6 (8 H, m, methylene and methine protons), 3.73 (2 H, s, 
>NCHZAr), 3.78 (3 H, s, CHsO), 6.78 (2 H, d, J = 9 Hz, aromatic p 
protons), 7.03 (2 H, d, J = 9 Hz, aromatic a protons), 7.21 (5 H, s, ar- 
omatic protons); MS mle 323 (M+). 

Anal. Calcd for C21H2bN02: C, 77.98; H ,  7.79; N, 4.33. Found: C, 
78.20; H ,  7.73; N, 4.13. 
l-Benzyl-3-hydroxy-2-(4-methoxybenzyl)-3,4-dimethyl- 

piperidine (8). (A) From 7. To a solution of methylmagnesium iodide 
(prepared from 85 mg of Mg turnings and 500 mg of methyl iodide) 
in 5 mL of dry ether was added dropwise a solution of 100 mg of 7 in 
5 mL of dry ether and stirred for 5 h a t  room temperature. The reac- 
tion mixture was poured into 10 mL of ice-water and extracted with 
ether. The ethereal layer was washed with saturated aqueous sodium 
chloride solution and dried over anhydrous sodium sulfate. Removal 
of the solvent afforded a yellow oil, which was subjected to column 
chromatography on 2 g of silica gel. Elution with benzene-ethyl ace- 
tate (95:5) gave 62 mg (59%) of 8 as a colorless oil, which was identical 
with 8 obtained from 9 as below in its IR, NMR spectrum, and mixture 
melting point. 
(B) From I-Benzyl-5-hydroxy-6-(4-methoxybenzyl)-4,5- 

dimethylpiperidin-2-one (9). A solution of 1.3 g of amide 9 in 25 mL 
of dry xylene was added to a solution of 12 g of 70% sodium bis(2- 
methoxyethoxy)aluminum hydride in 15 mL of dry xylene, and the 
resulting mixture was heated under reflux for 4 h under a current of 
nitrogen. After the reaction mixture was acidified with 10% hydro- 
chloric acid, the organic layer separated was extracted with water. 
Both aqueous layers were combined and basified with 10% ammonium 
hydroxide solution and extracted with chloroform. The chloroform 
layer was washed with saturated aqueous sodium chloride solution 
and dried over anhydrous sodium sulfate. Evaporation of the solvent 
gave a yellow oil, which was subjected to column chromatography on 
20 g of silica gel. Elution with benzene-ethyl acetate (95:5) afforded 
662 mg (50.3%) of 8 as a colorless oil: IR (CHC13) 3500 cm-1 (OH); 

CHsC(OH)<), 3.8 (3 H, s, CH30), 6.8 (2  H, d,  J = 8 Hz, aromatic 0 
protons), 7.6 (2  H ,  d,  J = 8 Hz, aromatic a protons), 7.65 (5 H, s, aro- 
matic protons). Hydrochloride: mp 180-182 "C. 

Anal. Calcd for C22H29N02.HC1.0.5 HzO: C, 68.64; H, 8.06; N, 3.64. 
Found: C, 68.68; H, 7.94; N, 3.71. 

l-Benzyl-1,2,5,6-tetrahydro-2-(4-methoxybenzyl)-3,4-di- 
methylpyridine (10). A solution of 30 mg of carbinol 8 in 5 mL of 50% 
sulfuric acid was heated a t  80 "C for 2 days under stirring. The reac- 
tion mixture was basified with 10% ammonium hydroxide solution 
and extracted with ether. The ethereal layer was washed with satu- 
rated aqueous sodium chloride solution and dried over anhydrous 
sodium sulfate. Removal of the solvent gave a yellow oil, which was 
purified by preparative thin-layer chromatography on silica gel (pe- 
troleum ether-ether, 3:l) to afford 23 mg (Slob) of 10 as a colorless oil: 
NMR (CDC13) 6 1.63 (6 H, s, 2X CHB), 3.58 (2 H, s, >NCHzAr), 3.77 
(3 H, s, CH30), 6.66 (2 H, d,  J = 9.1 Hz, aromatic 0 protons), 7.08 (2  
H, d, J = 9.1 Hz, aromatic a protons), 7.1 (5 H. s, aromatic protons). 
Hydrochloride, mp 152-153 "C (lit.,27 mp 152-154 "C) identical with 
an authentic samplez7 in its IR, NMR spectrum, and mixture melting 
point. 
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Six acylguanidines bearing different alkylation patterns, namely dodecanoylguanidine (l),  N-dodecanoyl- 
N , N " -  dimethylguanidine (Z), N-acetyl-N',N',N"- trimethylguanidine (3), 8-alacreatinine (51, creatinine (61, and 
methylcreatinine (71, have been reduced to the corresponding alkylguanidines with lithium aluminum hydride in 
yields ranging from 51 to 62%. A seventh reduction substrate, N-octanoyl-N',N',N",N"-tetramethylguanidine (41, 
gave only nonguanidine reduction products resulting from cleavage of the guanidine moiety, including N-(dimeth. 
ylaminomethy1)octanamide (25). Syntheses of the various substrates are described and reaction mechanisms and 
general synthetic utility are discussed. 

Although a literature search revealed no examples of re- 
duction of an acylguanidine with lithium aluminum hydride 
(LiAlHd), a statement' that the guanidine group is inert to 
LiAlH4 suggested to us that the reduction of an acylguanidine 
to an alkylguanidine might be possible. The utility of such a 
conversion is illustrated by the occurrence of the alkylguani- 
dine moiety in a wide variety of biological systems and the 
presence of the guanidine group in antihypertensive drugs 
such as clonidine2 and g~ane th id ine .~  

Results and Discussion 
Preparation of Reduction Substrates. The acylguani- 

dines 1-7, selected because they represent a broad range of 
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substitution patterns, were in most cases easily prepared. 
Compounds l4 and 2 were prepared by acylating the appro- 
priate guanidine free base with methyl dodecanoate following 
the general procedure for acylating guanidines with esters.5 
To acylate the sym- tetramethylguanidine and prepare sub- 
strate 4, the acid chloride was required. Compounds 1,2, and 
4 displayed the spectral properties expected for such acylgu- 
anidines.6 

Considerable difficulty was encountered in the preparation 
of N-acetyl-N',N',N"- trimethylguanidine (3), the major 
problem being the selective conversion of 10 to 3. The prep- 
aration of 9 proceeded according to conventional  method^,^^^ 
and then 9 hydriodide was converted by ion exchange to the 
acetate to obtain increased solubility in acetic anhydride. 
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