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TABLE 111-RELATIVE RETENTION TIMES OF ALKYL 
ETHERS OF p-HYDROXYBENZOATE ESTERS ON COL- 
UMN PACKED WITH 1 5 %  SE-30 POLYESTER ON 

ANAKROM ABS 

Retention Time of Alkyl Ether Relative 
---to Naphthalenea Inteinal Std,-- 

Ester Ethyl n-Propyl n Butyl 
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on the capillary column. Plots of peak height 
versus concentration were linear when using propyl 
derivatives of the four esters on the packed column. 
This was true whether the esters were alone or 
mixed on either column. 

The results indicate that higher diazoalkanes, 
when catalyzcd with boron trifluoride, are useful 
for preparation of derivatives for gas chroma- 
tography of p-hydroxybenzoate esters. Now that 
N-alky-N-nitroso-N'-nitroguanidine precursors of 
higher dkzoalkanes are commercially available,2 
their use should be considered for gas chromatog- 
raphy of these or other phenolic acids. 

SUMMARY 

Methyl through butyl esters of p-hydroxybenzoic 
acid have been converted to alkyl ethers by means 
of diazoalkanes catalyzed with .007% boron tri- 
fluoride. These ethers were easily resolved on the 
gas chromatograph. Ethers prepared from diazo- 
ethane and diazopropane were found suitable for 
quantitative work. The method seems generally 
applicable among phenolic acids where alkylating 
activity greater than that of diazomethane is 
needed. 
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Syntheses of Some Hydroindolizines by Reductive Cyclization 
By JOSEPH SAM and K. APARAJITHAN 

T h e  syntheses of dodecahydrobenzo[b] indolizine, octahydrocyclopenta[b] indol- 
izine, decahydronaphth[ 2,l-bl indolizine, and 7-methoxydecahydronaphth[2,1-b]- 
indolizine are reported. The preparations of pyridylmethylene and pyridylmethyl 
derivatives of cyclopentanone, cyclohexanone, 1-tetralone, and 7-methoxy- 1- 
tetralone also are described. Some preliminary pharmacological observations 

in mice are included. 

HE SYNTHESIS of dodecahydrobenzo[b] indol- T izine (11-perhydroazafluorene) (IIb) involving 
several steps was reported by Prelog and associates 
(1). Subsequently the authors reported (2) a two- 
step synthesis of IIb by reductive cyclization of I 
a t  200' and 2000 p.s.i. (Scheme I) and also the low 
pressure (50-60 p s i . )  catalytic reductive cycliza- 
tion of 2-pyridylmethylene-1-indanones (111) to 
the corresponding hydroindolizine ( I V )  (3, 4). 
(Scheme 11.) The authors have now utilized the 
latter method for the synthesis of other hydroin- 
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dolizines (I1 and XII) from 2-(2-pyridylrnethylene)- 
cycloalkanones ( IX and XI) .  The formation of 
IXb by the reaction of cyclohexanone ( V b )  with 
2-pyridinealdehyde (VI) was investigated; however, 
only 2,6-bis-(2-pyridylmetliylene) cyclohexanone 
( V I I )  was obtained. The synthesis of IX was ac- 
complished by the reaction of 2-pyridinealdehyde 
with the morpholine enamine (VIII) ( 5 ,  6) of the 
cycloalkanone (V). The 3-, and 4-pyridylmethyl- 
enecycloalkanones also were prepared by this method 
using the appropriate pyridinealdehydes. The reac- 
tion of 2-pyriditiealdehyde with 1-tetralones (X) 
occurred satisfactorily to yield the corresponding 
pyridylmethylene derivatives (XI). Some of the 
properties of the products from the reaction of pyr- 
idinealdehydes with various cycloalkanones are 
summarized in Table I. 

A number of the unsaturated compounds (IX,  
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Sedation seemed to occur a t  lower dosages of com- 
pounds 13 and 24. 

EXPERIMENTALz 

2-(Pyridylmethylene) Cycloalkanones (Table 
I)-Method A-A mixture of 0.4 mole of freshly 
distilled cycloalkanone, 40 Gm. (0.45 mole) of 
freshly distilled morpholine, 0.5 Gm. of p-toluene- 
sulfonic acid, and 100 ml. of dry benzene was heated 
under reflux for 18 hr. with a Dean-Stark water 
separator. The benzene solution was distilled 
under reduced pressure (water-aspirator) to give 
the desired enamine (5) of cyclopentanone and 
cyclohexanone. 

A solution of 0.3 mole of N-( 1-cycloalkeny1)mor- 
pholine and 28 Gm. (0.26 mole) of pyridinealdehyde 
in 100 ml. of dry toluene or benzene was refluxed for 
1 to 7 days with a Dean-Stark apparatus. The reac- 
tion mixture was cooled, treated with 120 ml. of 
6 N hydrochloric acid, and thereafter stirred for 2 hr. 
The lower acid layer was separated, washed with 
ether, and then neutralized with sodium bicarbonate. 
The oil (or solid) that separated was extracted with 
benzene, washed with water, and dried (anhydrous 
magnesium sulfate). Distillation of the benzene 
solution under reduced pressure gave the desired 
product (Table I). The infrared spectrum showed 
strong absorption a t  about 5.75-5.9 f i .  
2-(Pyridylmethy1ene)-1-tetralones-Melhod B- 

A mixture of 0.15 mole of the 1-tetralone, 4 ml. 
of acetic acid, 5 ml. of piperidine, and 0.15 mole 
of pyridinealdehyde was heated on a steam bath 
for 0.5 to  3 hr. The lower boiling materials were 
removed by distillation (water-aspirator). The 
residue was dissolved in benzene and extracted 
with dilute hydrochloric acid. The acid layer was 
separated and treated with dilute sodium hydroxide. 
The solid was removed by filtration and recrystal- 
lized from a suitable solvent (Table I). The in- 
frared spectrum showed strong carbonyl absorption 
a t  about 5.95 p.  

2 - Pyridylmethylcycloalkanones-Method C-A 
solution of 0.1 mole of the 2-pyridylmethylene 
compound in 100 ml. of ethanol was hydrogenated 
a t  50 p.s.i. a t  room temperature with 1 Gm. of 5% 
Pd/C catalyst in a Parr low pressure hydrogenator. 
The product was isolated in the usual manner 
and distilled (Table 11). The infrared spectrum 
showed strong carbonyl absorption a t  about 5.95 
P. 

Indolizines (Table 111)-A solution of 0.025 
mole of cycloalkanone in a mixture of 50 ml. of 
glacial acetic acid and 15 ml. of freshly distilled 
acetic anhydride was hydrogenated a t  47 p.s.i. 
with 0.1 Gm. of platinum oxide catalyst. The 
absorption of hydrogen was rapid in the first hr. 
and was complete in 24 hr. The catalyst was 
removed by filtration; the filtrate was treated with 
15 ml. of water and then allowed to remain at 
room temperature for 2 hr. The solvents were dis- 
tilled; the residue was treated with 75 ml. of water 
and filtered. The filtrate was saturated with so- 
dium bicarbonate and extracted with chloroform. 
The chloroform extract was washed with water and 
dried over anhydrous magnesium sulfate. The 
chloroform solution was distilled under reduced 

2 All melting points were taken on a Fisher-Johns ap- 
paratus and are uncorrected; boiling points are uncorrected. 
Infrared spectra were determined on a Perkin-Elmer model 
137 Infracord spectrophotometer. 

I IIn, ?I= 1 
b ,  n=2 

Scheme I 

I11 

I V  
Scheme 11 

XI, and the corresponding 3- and 4-pyridyl deriva- 
tives) were catalytically (Pd-C) hydrogenated at 
50-60 p.s.i. to the corresponding dihydro derivatives. 
The properties of the latter compounds are sum- 
marized in Table 11. 

The cyclization of I X  and XI to the hydroindol- 
izines (I1 and XII) was accomplished by low pres- 
sure catalytic (PtOn) hydrogenation as described 
in earlier reports (3, 4). (Scheme 111.) Elemental 
analysis and infrared spectrophotometry were used 
for the identification of the products. Gas-liquid 
chromatography of the hydroindolizines (Table 111) 
indicated the presence of trace quantities of im- 
purities. These, however, were readily removed 
during the recrystallization of the corresponding 
salts. 

PHARMACOLOGY’ 

Acute effects after intraperitoneal administration 
to  albino mice were observed for five of the pyridyl- 
methylenecycloalkanones (Table I, compounds 13, 
16, 17, 18, 20),  six of the pyridylmethylcyclo- 
alkanones (Table 11, compounds 21, 22, 24, 27, 
28, 33) and three of the indolizines (Table 111, com- 
pounds 38, 42, 46) .  Gross symptomatology a t  toxic 
and subtoxic dosages was noted in a fashion similar 
to that described by Irwin (7) and approximateLDm’s 
(48 hr.) were determined by the method of Horn 
(8) utilizing five mice per dosage level. 

Most of the compounds showed LDso’s in a mod- 
erate dosage range (147 to  562 mg./Kg.) with the 
exceptions of compound 20 which produced deaths 
only at greater than 1.0 Gm./Kg., and of the three 
indolizines which all had LDm’s below 100 mg./Kg. 
(26 to 93 mg./Kg.). Excitation was prominent 
after compounds 13, 16, 17, 18, 20, 24, 27, and 28. 
Compound 20 differed in that it evoked convulsions 
which were delayed 2-3 hr. after administration. 
Muscular incoordination and/or tremors were 
prominent after compounds 21, 28, 33, 38, 42, and 
46. Predominant symptoms of CNS depression 
were seen a t  all dosages of compounds 21 and 22. 

1 The authors are grateful to Dr. W. Marvin Davis, De- 
partment of Pharmacology, School of Pharmacy, University 
of Mississippi, University, for the pharmacological data. 
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TABLE I-PYRIDYLMETHYLENE CYCLOALKANONES 

Compd. Isomer" 
1 2  

2 2  
3 2  
4 3  

5 3  
6 3  
7 4  

8 4  
9 4  

10 2 

11 3 

12 3 
13 3 
14 4 

15 4 
16 4 

n 
1 

1 
1 
1 

1 
1 
1 

1 
1 
2 

2 

2 
2 
2 

2 
2 

Method; 
React. Recrystn 

Time, hr. Solvent * 
A: 24 M-W 

. . .  E 
W 

Af '60 

. . .  E 
W-A 

A;. -72 . . .  

. . .  W 
W ~ f ' i o s  _ _  

A; 160 _ _ _  
. . I  W-A 

Ac-P 

... W-A . . .  E-Ea 

A;' .96 . . .  

17 
18 

2 1-Tetralone' B; 0 .5  
3 1-Tetralonee B; 3 

M 
C 

19 4 1-Tetralonee B; 1 . 5  C 
20 2 7-Methoxy- B; 0 . 5  C 

1-tetralone' 

B.p. 
(mm.) 
and/or Anal., %- 7 

Yield. M.D., Molecular --Calcd.--- ---Found--- . .  
% "C. Formula C H N C H N 
78 132-4 CiiHiiNO 76.3 6 .4  8 . 1  76.0 6.3 8 . 2  

(0.3) 
49-51 

. . . 162-164 Ci2HirINO; 45.7 4 . 5  4 . 5  45.6 4.6 4 . 1  

. . 161-162 Ci7HirNrOs 
80 134-138 CiiHiiNO 76.3 6 .4  8.1 76.3 6.6 8 . 2  

. . . 164-166 CizHdNOC 45.7 4.5 4 . 5  45.7 4.8 4.4 . . . 203-205 C I ~ H I ~ N ~ O ~ ~  
68 158-159 CiiHiiNO 76.3 6 . 4  8.1 75.8 6 . 5  8 4 

. . . 190-191 CizHirINOC . . . 161-162 CiiHirNrOsd 
29 122 CizHiiNO 77.0 7 .0  7 . 5  77.1 7.1 7.6 

47 16i0'3) ClzHisNO 

_ _ .  . . . 106-107 C13HisINO 
49 141-146 CwHnNO 

. . , 167-168 CiaHieNrOsd 51.9 3.9 13 5 51.9 3.9 13.5 
, . . 147- CirHisINOC 47.4 4.9 4.3 47.4 5.2 4.1 

68 119-120 CisHiaNO 81.7 5 .6  6.0 81.4 5 .6  6 . 0  
23 73.5- CisHisNO 81.7 5 .6  6 .0  81.8 5.7 5.8 

51 114-115 cisH13NO 81.7 5.6 6.0 81.6 5.6 6.2 
68 92-93 Ci7HibNOz 77.0 5.7 5 . 3  77.1 5.7 5.4 

(0.8) 

(0.2) 

17i2 ') c ~ H i s N r O s ~  51.9 3 .9  13.5 52.6 3.9 13.2 

(0.8) 

148.5 

74 

Refers to position of the substituent in the pyridine ring. A, acetic acid; Ac, acetone; C. cyclohexanone; E, ethanol; 
Methiodide. Picrate. ' Entire cycloalkanone Ea, ethyl acetate; M ,  methanol; P, petroleum ether (30-60O); W, water. 

moiety. 

TABLE 11-PYRIDYLMETHYLCYCLOALKANONES 

0 

Compd. Isomera n 
21 2 1 

22 2 1 
23 2 1 
24 3 1 

25 3 1 
26 3 1 
27 4 1 

28 4 1 
29 4 1 
30 3 2 

31 3 2 
32 4 2 

33 4 2 
34 4 2 
35 2 1-Tetralone' 

36 4 I-Tetralone' 

React. 
Time, 
hr. * 
3 

. . .  

. . .  
3 

. . .  

... 
4 

. . .  

. . .  
4 

. . .  
4 

. - .  

. . .  
0.5 

2 

Recrystn. 
Solvent 

. . .  
W 
E 
. . .  

E 
W 

Ac 
W 

W 

C 
W-A 
P 

. . .  

. . .  

. . .  

P 

Yield, 
% 
70 

. . .  

. . .  
86 

. . .  

... 
80 

. . .  

. . .  
84 

80 
. . .  

. . .  . . .  
92 

88 

B.P 
(mm.) 

and/or 7 Anal., % 7 

M.p., Molecular -Calcd.-- -Found- 
'C. Formula C H N C H N 

(1.7) 
132-133 CiiHisNO 

191-193 CizHisNiOd 62.0 6.9 24.1 61.3 7.1 23.8 
123-124 Ci2HieINOe 45.4 5.1 4 .4  45.5 5.1 4 . 3  
122-123 CiiHisNO 

l l P 1 1 5  CizHiaINOe 45.4 5 . 1  4 .4  45.5 5 . 1  4.4 
118-119 CnHmNiOs' 
134-136 CiiHiiNO 75.4 7 . 5  8.0 75.4 7.5 8 . 2  

(0.5) 

(1.3) 
95-96 CizHisINOe 45.4 5 . 1  4.4 45.3 5 .0  4.3 

136-138 CirHieNiOsf 
156-157 CizHisNO 76.2 8.0 7.4 75.2 7.9 7.9 

12 ni 
14iy123 CisHisNiOsf 51.7 4 . 3  13.4 52.2 4.2 13.3 
1321133 CizHnNO 76.2 8 .0  7 . 4  76.1 7.8 7 .8  

(0 .5 )  
103-105 CisHisINO' 47.2 5 .5  4.2 47.1 5.3 4.1 
175-176 CisHisNiOs' 51.7 4 . 3  13.4 52.2 4 .4  13.4 
181 CisHisNO 81.0 6.4 5.9 80.9 6.4 5 . 8  

(1 2) 
7&77 

174-177 CisHirNO 81.0 6 . 4  5 .9  80.3 6 .4  6 .2  
(0.2) 

62-64 

a Refers to  position of substituent in pyridine ring. Method C. A, acetic acid; Ac, acetone; C. cyclohexanone; P, 
petroleum ether (30-60O) ; W, water. Semicarbazone. ' Methiodide. Picrate. ' Entire cycloalkanone moiety. 

pressure to give the desired product. Carbonyl The hydrochlorides, picrates, and methiodides 
and hydroxyl group absorption was absent in the were prepared in the usual manner and recrystallized 
infrared spectra. from a suitable solvent. 
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XIn, R= H 
( I ,  R = CH30 

R 
XIIn,R=H 

h ,  R =  CHaO 
Scheme 111 

TABLE 111-INDOLIZINES (11 AND XII) 

7 Anal., yo - 
Yield, Molecular 7Calcd.--- ---Found--- 

Comud. Recrvstd. from nn("C.) 7, M.p., OC. Formula C H N C H N  .. 
37 (Ira) . . .  1.4922 (23) 65 106-108 CuHioN 

(20 mm.)" 
38 (IIa) Acetonitrile ... , , . 206-208 C I ~ H Z ~ N ' . ~  46.9 7 .2  4 .6  46.7 7 . 3  4 7 
39 (IIa) Ethanol , .  , 211-212 C1jHmN40jd 51.8 5.6 14.2 51.9 5 . 8  13.9 
40 (IIb) . . .  1.4997' (24) 44 126-130 CIZHZZN~ 

41 (IIb) Methanol ... ... 207-208 CmHzsNlOP 
42 (IIb) Acetonitrile , , . 260-261 CisHz41Nbsf 48.6 7 . 5  4.4 48.7 7 . 5  4 .5  
43 (XIIU) . . .  1.5620(22) 68 125 CisHziN 84.5 9 . 3  6 .2  84.6 9 . 1  6 3 

(0.3 mm.) 

45 (XIIb) ... 1.561f (23) 48 144-146 CiiHzsNO 79.3 9 . 0  5.4 78.9 9.0 5 . 6  
(0.2 mm.)= 

46 (XIIb) Acetonitrile . . .  . .  . 217-218 Ci~HzrCINOBrh 69.5 8 . 2  4 . 8  69.6 8 . 3  4 . 9  

(20 mm.)" 

44 (XIIa) Methanol 21&217 c , ~ H ~ ~ N ~ o ~ ~  57.9 5.3 12.3 58. 1 5 .3  12.7 

nBoiling point. 'Methiodide. cCalcd. for I: 41.3. Found: 41.0. dPicrate. eRefevence 1 .  ICalcd. for I: 39.5. 
Found: 39.4. Q Calcd. for C1: 12.1. Found: 12.1. 'Hydrochloride. 
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