
4-(N',N'-Diethylureido)-l-phenethylpiperidine Hydrochloride. 
- A  mixture of Y (RI  = CsH&HzCH?) (5.0 g.), sodium bicar- 
bonate (6.1 E.), diethvlcarbamovl chloride (3 .7 E.), and toluene 

ether to give the monohydrate as colorless plates (4.5 g.), 111.p. 
2:34-235". 

(50 ml.) wasstirred and refluxed for 24 hr. The inorganic resi- 
due was filtered off, washed with three 10-nil. portions of toluene, 
and the conibined toluene extracts %ere evaporated to drj-ness. 
The residue obtained was dissolved 111 ethanollc H C ~  ( lor ;  m./v. 1 

A&nowledgment.--The biological of these 
compouiids was carried out by Dr. D. IC T'allance of 
Smith I<line and Frmch I,aboratories, ITe lwp  (;ardpli 

and the solid which separated was c~rystallixeii from eth:tnol City. Herts., England. 

Reductive Cyclization of 2-(Picolylidene)-l-indanones to 
Octahydroindeno[2,1-b]indolizine and Indenoisogranataninei 

Tiit Department of I'harmacccitical Chemistry, The Cniz erszty of L M L S S L S S ~ ~ ~ ~ ,  I - n i m x i t y ,  JI iss iss ippi  

li'mezzed dIazl 11, 1 x 4  

The syntheses of the title ronipuunds are described. 

In an earlier publication2 we described the reductive 
cyclizatioii of 1-(2-picolyl)-2-iiidanol (I) to octahydro- 
iiideno [1 ,2-b]indolizine (11). Our interest in structural 
relatives of the veratrum alkaloids3 proniptcd us to 
investigate coiiipouiids related to 11. 

I I1 

Pyridinealdehydes (111) react readily with l-iii- 
daiioiie (IV) to yield 2-(picolylideiie)-l-indanoiies (V). 

0 n 

I\' i.a. 2-ppy"dyl 
b. 3-pyridyl 

The products froin the hydrogenation of '5' are de- 
pendent on the conditions utilized in the reduction. 
For example, the loit--pressure reduction (8.;-4.2 
kg., ~111.~) (30-60 p.s.i.) of 2-(2-picolylideiie)-l-iiidanone 
(Va) in glacial acetic acid in the presence of catalytic 
quantities of platinuiii oxidc yields 3a,6,6a,7,8,9.10,- 
1 la-octahydroindeno [2,1-b]indolizine (VI) ; palladiuni - 
carbon hydrogenation iii ethanol yields %-(%picolyl)- 
l-indanorie2 (VII) ; Raiiey nickel aiid ethanol yields a 
iiiixture of F'I arid cis-2-(2-picolyl)-l-indanol (VIIT) ; 
and H,, platinuiii oxide, atid ethanol likewiw yields 
a niixturc of 17 aiid T'III. 

It \ \as of iiitcwst to  deteriniiir. \vlic~tiier the reductivts 
cyclization of 1-a to T71 was a direct process or proceeded 
iii a stepwise manner from T'a through 1'11 and VI11 
to VI. The platinum oxide reduction of VI11 in acetic 
acid produced cis-%-(2-pipecolyl)-l-indanol (IXj ; tlie 

(1) (a) The autliors are grateful ti) A .  €1. Robins Company for financial 
support of the project. (b) Presented before the Ijivision of Medicinal 
Chemistry, 148th National Meeting of the American Chemical Society, 
Chicago. 111.. Sept.. 1964. 

(2) J .  Sam, J. I\i. Plampin, and 1). TI-. .\lwani, J .  Org.  ( 'hein. .  27, 4543 
(1962). 

(3) 0. Jeger and Y. Prelog, "The .\lknloids." Vol. VII, R. It. A l a n s h ,  
I,;d., Academic Press Inr.. New Turk,  N. P.. 1960, Chapter l i .  

Preliminary pharrnacologicul data are provided. 

, \'a 

1 
VI 

& 

IX 

reductio11 of 1'11 in glacial acetic acid with platiiiuiii 
oxide gave F'I. It is speculated that the reduction 
of F'a to VI is either a direct process (cyclization to 
XI followed by reduction to SrI) or proceeds through 
2- (2-pipecolyl) - 1 -iiidaiione (X) . 

r? /-- -\ 

X \;I 

,\lthougli t l i t 3  lat t er  was iiot isolated, cvideiict> ior 
the existence of X as ail intermediate was obtained iii 
the reduction of 1-methyl-2- [ (1-oxo-2-indany1idene)- 
niethyl]pyridinium iodide (XII) with platinum oxide 
in watrr. The only product obtained was 1-nietliyl- 
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2- [ (l-oxo-2-indanyl)methyl]piperidiiie hydriodide (X- 
111); none of the alcohol (XIV) was isolated. The 
latter was obtained by the sodium borohydride re- 
duction of XI11 and converted to the inethiodicie 
x v .  

XI11 & C H z q  

VI11 
I 

CHJ 
XIV , 

J. 

- & C H : G  / <  .I- 

CH3 CHJ 
XVI XV 

The inethiodide XV also was prepared by con- 
verting VI11 to the methiodide XVI followed by re- 
duction in water with platinum oxide and treatment 
with methyl iodide. 

The characterization of the cis and trans configura- 
tioiis of VI11 was described in an earlier publication.2 
The products derived from VI11 and described above 
have been assigned the cis configuration on the basis 
of our earlier work. 

The reduction of the exocyclic double bond in 2- 
(3-picolylidene)-l-iiidanone (Vb) occurred less readily 
than with the corresponding 2-isonler; complete re- 
duction to XVII took place only in glacial acetic 
acid over a 3-4-hr. period in the presence of palladium- 
carbon catalyst. The low-pressure platinum oxide 
catalyzed reduction of Vb to iiidenoisogranatanine 
(XVIII) failed to occur; however, the cyclization was 
accomplished in moderate yield (47y0) with Raney 
nickel a t  140 kg./cm.2 (2000 p.s.i.). AIcElvain and 
Adanis4 described the preparation of isogranatanine 
(XIX). 

Vb 
I 

&? 
XVIII 

XVII 

d 
XIX 

Pharmacological Results.5-Compounds Vb, T'I, 
IX, XII ,  and XI11 were investigated in mice and anes- 
thetized dogs by conventional techniques. The acute 
intraperitoneal LD5o range in female albino inice was 
deterinined to be as follows: T'b (223-2381ng. 'kg.), 
I X  (100-150 mg. kg.), XI1 (1.5-2.3 ing. kg.), XI11 
(25-38 nig. kg.). The iiitravenous LQo of VI in 
female albino mice was found to be approximately 
33-50 mg. /kg. All compounds produced coiivulsions 
at  near lethal doses. Cyanosis was frequently 
observed in mice which received Vb, IX, XII ,  or XIII .  

(4) S. M. hIcElvain and R .  Adams, J .  A m .  Chem. Soc., 46, 2738 (1923). 
( 5 )  Pharmacological data a-ere provided by Dr. J o h n  Ward, -4. H. Robins 

Company. Richmond, Va. 

In  the anesthetized dog, Vb, IX, XII,  and XI11 at  
doses of 1-4 mg./lig. caused t'ransient hypotension 
usually followed by respiratory stimulation. The 
rise in arterial blood pressure due to intravenous 
epinephrine (1 Tilcg.) was prolonged by all of the 
latt'er four compounds a t  doses of 4 mg./kg. and above, 
whereas the depressor response to intravenous acetyl- 
choline (10 ylkg.) was unaffect'ed at' all doses. Com- 
pound IX at  4 mg.,'kg. appeared to prolong the de- 
pressor response to intravenous histamine (1 y, lig.). 
Compound VI at doses up to 40 nig.,.'kg. had no sig- 
nificant effect on blood pressure. The compound did 
cause a decrease in respiratory amplitude, brady- 
cardia, an increase in intestinal tone, and a decrease in 
urinary flow.. 

Experimental6 
2-( 3-Picolylidene)-l-indanone (Vb).-The procedure described 

for the synthesis of 2-(picolylidene)-l-indanone2 (Va) was 
followed, using 50 g. (0.38 mole) of 1-indanone, 50 g. (0.467 mole) 
of 3-pyridinealdehyde, 8 g. of piperidine, and 8 g. of glacial 
acetic acid. The mixture was placed on a water bath (60-70') 
until a homogeneous solution was formed (1 hr.). The solid 
which separated on standing a t  room temperature was recrystal- 
lized from ethanol to give 71.5 g. (85%) of product, m.p. 154- 
155". 

Anal. Calcd. for CljHllSO: C, 81.4; H, 5.0; S, 6.3. Found: 
C, 81.4; H, 5.0; N, 6.3. 
2-(2-Picolyl)-l-indanone Hydrochloride. (VII).-A mixture 

of 11 g. (0.05 mole) of cis-2-(2-picolyl)-l-indanol (VIII), 25 g. 
(0.12 mole) of aluminum isopropoxide, 45.5 g. (0.25 mole) of 
benzophenone, and 500 nil. of dry toluene was refluxed for 24 
hr.7 The reaction mixture was cooled and washed with 10% 
NaOH solution and water, respectively, and then extracted 
with dilute HC1. The aqueous layer was neutralized with 
dilute NaOH solution and extracted with small batches of ether. 
The ether extracts were washed with water, dried (ILIgS04), 
and treated with HCl. Recrystallization of the hydrochloride 
from cyclohexanone gave 5.5 g. (50%) of product, m.p. 173- 
174.5'. A mixture melting point with the product, obtained by 
Sam, et aLj2  showed no depression. 

2-(3-Picolyl)-l-indanone (XVII).-2-(3-Picolylidene)-l- 
indanone (Vb) (22 g., 0.1 mole) suspended in 200 ml. of glacial 
acetic acid w-as reduced in a Parr hydrogenator using 10yG 
palladium on carbon as catalyst. After the hydrogenation was 
complete (3-4 hr.) the catalyst was removed by filtration and the 
acetic acid was distilled in vacuo. The residual oil w-as treated 
with a saturated solution of sodium bicarbonate and extracted 
with small batches of ether. The combined ether layers were 
washed with water and dried (MgSO,). Evaporation of the 
ether yielded 14 g. (60%) of produvt which was recrystallized 
from acetone; m.p. 64-66'. 

Calcd. for C1bH13XO: C, 80.7; H ,  5.9; X, 6.3. Found: 
C, 80.7; H, 6.0; N, 6.3. 

5a,6,6a,7,8,9,10,1 la-Octahydroindeno [2,1-b] indolizine. (VI). 
A.-2-(2-Picolylidene)-l-indanone (Va) (22.1 g., 0.1 mole) was 
dissolved in 200 ml. of glacial acetic acid and reduced in a Parr 
hydrogenator using platinum oxide as catalyst. After the re- 
duction was complete (24 hr.), the catalyst was removed by 
filtration. The solvent was distilled in vacuo; the residual oil 
was treated with dilute sodium bicarbonate, extracted with 
ether, and dried (NazSOa). The dried ethereal solution was 
distilled, yielding 12 g. (56%) of viscous liquid, b.p. 124" (0.3 
mm.), n 1 9 . j ~  1.6598. 

The infrared spectrum did not  show CO or OH absorption. 
The usual tests for sec.or1dar.y amines were negative. 

Anal. Fuund: 
C,84.6; H,9.1: S,6.4. 

Anal. 

Calcd. for ClsH,9S: C, 84.5; H, 9.0; S, 6.6. 

(6) Boiling points are uncorrected. hlelting p i n t s  Here determined on a 
l:islier-,Johns melting point apparatus and are corrected. Microanalyses 
uere by A. Bernhardt. lIax-Planck Insti tut  fur  Kolilenforschunp, 1Iulheim 
Germany, and Weiler and Strauss Laboratories, Oxford, England. Infrared 
spectra were determined on a Perkin-Elmer Xlodel 13T Infracord spectro- 
photometer using KBr pellets. 

(7) C. Djerassi, Org. Reactions, 6, 2 0 i  (1951). 



The picrate was prepared in the usud  manner and recrystal- 
lized from acetic acid; m.p. 234-236". 
7;AnaZ. Calcd. for CZ1H22N\T407: C, 5 7 . 0 ;  11, 5.0; S,  12.7. 
Found: C, 56.6; H, 5.1; X, 12.4. 

The hydrochloride was prepared i i i  t hr:  usu:il n i : t i i i i ~ ~  :ti11 I 
recrystallized from acetone; n1.p. 220-22 1 '. 

B.-The procedure of A was followed usiiig 2' 
of 2-(2-picolyl)-l-indanone. Thirteen grams ( 5  
was obtained; b.p. 132-135" (0.3 mtn.), ~ L ~ ~ . ~ D  1.5 

The infrared spectrum, picr:Lte, and hydrochloride were itlcii- 
tical with those obtained with the product from A. 

C.--The procedure of A was followed except that  2 g. ( i f  Raric- 
nic:kel was used as catalyst arid etlxiriol was used as the solvent. 
The reduction proceeded slowly; 50:'; of tlie t,heoretical :imouiit 
was absorbed at the end of 36 hi,. The catalyst was rcrriovetl 
by filtration and the solvent was distilled in I :UCLCO.  T h e  residuxl 
crude material, after treatment n.ith ether, yielded cis-2-(2- 
picoly1)-1-indanol (VIII) ,  m.p. 14S--14Y3. -4 niisture niellirig 
point with the product obt,ained by S : m ,  e /  nl . ,2  showed no tit.- 
pression. The ether solution was treated with picaric acid ~ I J  

yield the pic'rate of VI,  m p .  23G236". .I riiisture rneltiiig 
point with the product obtained by -4 showed uo depression. 

I).-The procedure of A &-as followed using ethanol as tlie 
solvent. The reduction vas iriconiplete; trace amounts of both 
VIII, r1i.p. 148-150", arid the picrate of VI, 1ii.p. 234-2:36", w r t :  
obtained. -2Ikture melting points with authentic samples of 
VI (picrate) and VIII, respect,ively, stion-et1 no depression. 

cis-24 2-Pipecoly1)-1 -indanol (IX).-c<s-2-( %-Picol-l)-l-intlnriol~ 
(VIII) (22 g., 0.1 mole), suspended in 200 nil. of ghcial acetic 
acid, was reduced a t  3.86 lig.jcni.' (55 p.s.i.) with p1:ttiriurn oxide 
c:itnlyst. After reduction was complete ( S  lir.), the c,ntalyst was 
rc~nirmed by fi1tr:ttion. Tlicx ac*et,ic. acid w:ts tiist,illed in  DUCWJ! 

:ind the residual oil wv;ts treated with a saturiited sodium bic:~rl.ion- 
ate solution. The precipitate iws reniov 
recrystallized from acetone to give 16 g. ( 7  
I 4 1-142 O. 

And.  Found: 

1-Methyl-2- [( 1-oxo-2-indany1idene)methylj pyridinium Iodide 
(XU).-In a 250-ml. round-bottomed flask fitted with a reflux 
(wideriser werc pl:iccd 18 g. (0.08 mole) of 2-(2-picolylidene)-l- 
ind:Lnorie (V:t), 30 nil. of L1;,~-dirriethyliorin:~niide, :tiid 10 nil. 
of inrt,hyl iciclide. Tlie mixture \vas refluxed on a steam bath for  
4 Iir. tiuririg nhirli time solid septrated from solutiori. T t i c ~  
iiiisturc was cooled arid the product was removed by filtraiiiui. 
'I'tie solid (18 g., 6lSc) wits waslied Tvith acetone a r ~ d  recrystal- 
lized from water; n1.p. 213-215'. 

3.9. Found: C, 52.9; H, 3.7; 1,X.l; 
1-Methyl-2- [ (1-oxo-2-indany1)me 

(XIII) . - - -  1-3lethyl-2--[( l-oxc~-2-iridan 
iodide ( S I I )  (18 g., U . 0 j  r i d e )  suspended in 200 nil. of water \v:is 
retlucwl i i i  the usual manner at a.56 kg./ciii.? (5.7 p.s.i.) using 
phtinuiii oxide mtalyst. After hvdrogenation was c~iiiplete 
(t i-S h.), the c:italyst w:~s reiiiin-ed liy filtration anti the filtrate 
w:ts cwptri,ated to dryness. The  residuil oil, :liter treatnie:it 
{vith cold :tcrtone, yielded a crystalline solid. ItecrJ.st'~lliz:itioii 
r ~ f  tho solid frtiiii t,oluene resulted in  14 g. (7tif,5) of protluc~t. 
111.1). 1,jS--lXIo. The iufraretl spectrurii contained stroiig 
I'itl'tJI~li~l absorption at. 5.83 M. 

.tntrl. Calcd. for C18HJSO: C, 51,s; €1, 6.0; I, 34.2; S, 

cis-l,l -Dimethyl-2- [ ( 1 -hydroxy-2-indanyl)methyl] piperidinium 
Iodide. (XV) .  A.--cis-l-Methyl-2-[( l-hydroxy-2-indan~l)niethyl] - 
pyridinium iodide (XVI) (18 g., 0.05 inole), suspended in 200 
nil. of water, \viis retiuml iii the usud manner a t  3.56 k y . / c ~ r i . ~  
(5r1 p.s.i.) using p1;ttinuin oxide cvit:ilyst'. After the reduction 
wts co~riplete (&E hr. ).  the rutdyst was reiiioved by filt'ration; 
the solution was coiic.entriltet1 to a sniitll bulk und neutralized with 
dilute T\'aO€I solution. The ni:Lteri:d which separated from 
solution wts estracted with benzene and converted to a inethio- 
tiidc in the usual manner. Washing with boiling acetone gave 
produrt, 1n.p. 1i9-18lo. 

Calcd. for C15HLiO: C, 71.9; €1, 9.2; S !  ij.1. 
C, 77.9; 1 q 9 . 3 :  s, 6,2. 

.Inul. Calcci. for CI6Hl4IX0: C, 

Fouiid: C ,  51.5: H, 6.2; I, 33.2;  K, 4.0. 


