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Synthesis of CI4 Labelled Dimethyiformamide 
and 3-(2-Aminobutyl-l-C1*)indole Acetic Acid 

salt 
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In  connection with the interesting pharmacolog- 
ical' and clinical2 findings concerning the activity 
of 3-(2-aminobutyl)-indoic acetic acid salt, (1I)a we 
have synthesized this compound labelled with C14 
on CI of the butyl side chain according to the fol- 
lowing sequence. 
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We chose the above synthesis rather than the 
Snyder and Katz' process as it was desirable to 
have a procedure applicable also to the preparation 
of 3-(2-amino-propyl) indole. Snyder and Katz4 
point out that their process gives a yield of only 
about 10% in the case of the gramine-nitrocthanc 
condensation. 

Conversion of formic acid to dimethylformamide 
was briefly described,b but the preparation of radio- 
active dimethylformamide has not beeii reported. 
The remaining three steps were also reported prc- 
viously.6 As the present four-step procedurc cnconi- 
passes a number of improvements based on experi- 
mentation done subsequent to our publicatione 
and contains some details of general interest, it 
appeared desirable to report it in detail. 

(1) M. E. Greig, R. A. Walk, and A. J. Gibbons, J. o.f 
P h a m o l o g y  ana! Ezp. l'herap., 127, 110 (1959); pcrsonal 
communication from M. E. Grcig, J. H. Flokstra, and P. 11. 
Seay. 

(2) Symposium on Dcprcssion, its Diagnosis and Treat- 
nicnt, J. Neuropsuchidry, supplement in press. 

(3) The trade name of the Upjohn Company for 3-(2- 
aminohty1)-indole acetic acid salt is Monase. 
. (4) H. 11. Snvdcr arid L. Katz. J. Amer. Chem. Soc., 69. , .  
3146 (1947). " 

(5) J. A. Mitcholl and E. E. Reid, J .  Atner. CLettL. Yoc., 
53, 1879 (1031). 

and J. Szmusskovicz, J .  Org. Chem., 25 ,  1548 (19ti0). 
(6) R. V. Eieiiizclman, W. C. Anthony, D. A. Lyttle, 

EXPEIUhIEN'l'AL7s8 

~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ o ~ t t i a . ~ ~ ~ d e - C l ~ .  'The apparatus cormistetl of n 100- 
nil. two neck, round bottom flask, a glass iiilct tube for di- 
niethylaminc, and a 40-cni. bulb condcnscr on top of which 
WVLLS placed n 12-cni. air-cooled coiidenscr, N-vhich was at- 
tached to nn 8-cm. dowiimrd cold water cooled condcneer 
and a calibrated test tube attached to a Drierite tube. The 
rate of the flow of diincthylamirie was measurer1 with a flow- 
meter (Brooks-Rotameter Company, Lardale, Pa.), tuhe 
18-15-1 (stainless stecl float; the reading \\-as 15.C cm. 
which corresponds to 450 i d .  of air per min. on the calibra- 
t,ion curve). 

Formic :icid-C14, 3.35 g. or 100 milliciirics (9G.5%, Ncw 
England Nuclear Corporation), was diluted with 1.22 g. of 
nonradioactive formic acid (98f %, Eastman Kodalc Com- 
pany). Dimethylamine \vas passed undcr t,hc surface of the 
liquid for a total of 3 hr. After G min. the initial fuming 
stoppcd, and the solution was heated on the steam bath. 
Water, heated by mcmis of a constant tcmpcrature bath 
(58-59'), was passed through the bulb condenser from this 
time on using a circulating pump. The distillate amounted 
to 4.4 ml., and the crude product weig!ied 8.2 g. 

The crude product wu9 hcatcd by means of an oil bath to 
200°, and the distillatc (1.0 ml.) waa collcctcd until the 
vapor temperature rcachcd 105'. Thc residue weighed 6.5 
g. and waa shown by acid and b s e  titrations to contain 1.1% 
of forniic acid and 8.5% of salt (likely dimethylammonium 
formate). This crude dimethylformamide (specific activity - 0.80 millicuries per millimole) waa used directly for the 
next experiment. 

It is interesting to note that wlicn a cold condenser was 
used very little dimcthylformrtmidc, if any, waa formed. 
Also if no distillste was rcinovcd during the reaction, and a 
cold condenser was pluced on top of the one which wm 
heated, titration indicated 0.47, formic acid and 24.2% of 
the salt. The dct.ailed mechanistic intcrpretation of this 
seemingly simple rcnrt.ion would require a kinetic study 
which, due to lack of t,irnc, wc were riot able to perform. 

J-lndolecarbora2dcii2/rle-C14.g Indolc (2.13 g., 0.0182 mole) 
waa dissolved iii 1 ml. of the crutlc dimcthylformamide. 
Tlie remainder of tiic dimetiiy1form:tmide was placed in a 
10U ml. thrce ncck flask, coolcd in ice, nnd treated dropwise 
ovcr R 20-min. ycriod with 3.00 g. (0.02 mole) of phosphorus 
oxychloridc. The indole solution nas then added during 15 
min. The ycllow solution was stirred a t  room tcmpcrature 
for 2 hr. a t  which time it hccamc: orange. ICC (20 9. )  was 
atldcd, and the mixture t v : ~  stirrcxl for 5 min. when a clear 
ret1 solution resulted. A solution of 3.8 g. of sodium hytlrox- 
idc ill 20 ml. of water ww r~ddcd during 15 min., and the oily 
suspcrision was rclluscd for 4 niiri. Thc mixture was then 
coolcd i n  ice, Gltc~ed, and watihed well with water. The 
lumpy ~oli:l was transferred to a glass mortar, and it waa 
powtlcrcd :uid trnnsfcrred back into the sintered glass fun-  
nel. On trituration \vith cthcr (thrce times, total 10 ml.) a 
colorless solid rcsultcd; 1.!1 g. (72% yield) m.p. 193-195' 
(~190'). Ultraviolct speclrum showcd Xmnx 243 (13,600) ; 
259 (11,500), 296 (13,050). Thesc vuluca compare very wcll 
with those of pure 3-indolrcnrt~oxnltlchyde. Specific activity 
= 0.79 millicurics pcr niilliinole. 

(7) All melting poiiits (capillary) arc uncorrcctcd. Ultra- 
violet spectra (in nip) were dctermiried in 95% cthanol 
using a Cnry recording spectrophotometer, Modcl 14. In- 
frared spectra (in cni.-x) were determined in Nujol using a 
l'crkin-Elmer recording infrared spectrophotometer, Model 
21. Counting was performed with a Packard Tri-Garb liquid 
wintillation spectromekr. 

(8) The authors wish to thaiik Mr. W. A. Struck tlnd his 
ttssociatcs for the niicroanalyscs, Mr. M. F. Grostic and Dr. 
It. W. Ilillehnrt for the spectroscopic data, and Mr. L. G. 
Laurian for 1:lbor:itory ttssistuiicc. 

(9) Cj. P. N. Jitmcs and H. R. Snydcr, Org. Spdhcses, 
39, 30 (1959). 
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TABLE I 

~ ' J ~ C H - C = N  FlH6 Po WCH0 II  3 '0- 
+ CH&HICH2N02 ------.t 

Product 
- Time of % Crude $& % Moles of Moles of 

aldehyde" Nitropropane N II,OCUCII3 Min. M . 1'. obtained by U.V.c by U.V. 
3-Indolccarbox- 1- I?cating,b product Purity Yield 

0. 06Qd 
0.069' 
0.0149' 
0.0149g 
0 .  014gh 
0.0149' 
0.0149' 
0. O W k  

0.22.1 
0.234 
0.169 
0.169 
0.169 
0.169 
0.169 
0.67 

0.026 
0.026 
0.005G 
0.0056 
0.0056 
0.0056 
0.0056 
0. O07lk 

fj0 1 16-1 19 
75 133-1 34 
75 133-134 
75 124-132 
55 118-160 
75 120-129 
75 121-130 
12 hr. 133-134 

73 
60 
74 
58 
73 
56 
55 
37 

67 
96 
93 
93 
67 
87 
82 
94 

49 
63 
69 
54 
49 
49 
45 
35 

a 3-Iridolcc:Lrboxaldch~~dc w a y  purchased from Aldrich and recrystallized once from ethanol. All experiments were con- 
ducted on the steam bath. The extinctiofi cocfIicietit a t  A,,,, 400 was used. Nitrogen was not used-and no distillate 
was removed. ' Nitrogen waa swept 
through the system arid 5.2 ml. of distillnte wm collected during the reaction. The crude product waa triturated with 20 
ml. of ether and 5 ml. of petroleum etlier (b.p. 30-00'). I Run the same way as described for the radioactive run; 4 ml. of 
distillate was collected. Run 
the same way as described for the radioactive ruii, but at a faster rate of nitrogen (about double); 8 ml. of distillate waa 
Collected. * Nitrogen waa not used and the mixture was stirred. At the end of the reaction 6 ml. waa distilled in vacuo. ' N i t r e  
gen was not used and the mixture was not stirred. A t  the end of the reaction 6 ml. waa distilled in vacuo. Refers to moles 
of benzylamine. The solution waa refluxed gently using an azeotropic separator. At the end it waa cooled and the resulting 
Rolid was filtered and washed with petroleum ether (b.p. 30-60'). 

Some piire 3-indolcc~rl~ou:~ldchyde was obtained by working up the mother liquors. 

@ Iliin the same way as described for the radioactive run; 5.5 ml. of distillate was collected. 

As was observed previously10 a considerable excess of di- 
methylformamide is essential in this reaction in order to 
secure a good yield. We have found that when 1:l . l  and 
1 :2 ratio of indole to dimethylformamide was used, the yield 
of 3-indolcarboxaldehyde waa 21% and 31 yo, respectively. 
,3-(2-Acinitrobutylidene)-3Zi-pseudoindole, inner addition 

salt11 (I). A 50-ml. three neck, round bottom flask was equip- 
ped with a stirrer, a joint for nitrogen inlet and a condenser 
set down for distillation attached to  a 10 ml. graduated 
cylinder. The flask was charged with 3-indolecarboxalde- 
hyde-CL4 (1.9 g. of radioactive and 0.25 g. of nonradioactive 
material; total 0.0149 mole), 0.43 g. (0.0056 mole) of am- 
monium acetate and 15 ml. (0.169 mole) of I-nitropro- 
pane. Nitrogen waa passed at  the rate of 5.5-6.0 em. 
(Brooks-Rotameter waa used aa described above), which 
corresponded to 110-150 ml. of air per min. The mixture was 
heated on the steam bath with stirring for 1 hr. 15 min. 
during which time 5.5 ml. of distillate was collected. The 
stirrer waa moved above the surface of the solution and al- 
lowed to  drain for a minute. The solution waa then cooled 
in ice for 0.5 hr. while occasionally stirring with a spatula. 
The thick suspension was then filtered using the mother 
liquor to  transfer. The solid was washed with water (3 x 5 
ml.) and then with petroleum ether (b.p. 30-60"; 2 x 10 
ml.) to give an orange powder; 2.3 g. (72% yield), m.p. 
129-132". This material wm 99y0 pure by comparison of 
the extinction coefficient a t  AmBx 400 mp with that of the 
pure material (see below). Specific activity = 0.65 milli- 
curies per millimole. An analyt,ically pure sample of the 
nonradioactive material was obtained by crystallization 
from methanol, m.p. 134-135'. Ult,rrtviolct spectruni 
showed 219 (30,850), 277 (7,200), 2%? (6,900), 400 
(16,300). Infrared spectrum showed NH: 3310; =CH: 

(10) G. F. Smith, J .  Chem. Soc., 3542 (1954). 
(11) Cj. E. H. P. Young, J .  Chem. Soc., 3493 (1958) ; A. S. 

F. Ash and W. R. Wragg, J .  Chem. Soc., 3887 (1958). 

0 
/" 

\ 
3040; C=N/C--C: 1630, 1590 sh, 1510, 1498; =N : 

0- 
1263 (vs), 1220 (vs); aromatic substitution: 742. 

Anal. Calcd. for CItH~&tOl: C, 66.65; H, 5.59; N, 12.96. 
Found: C, 66.15; H, 5.40; N, 13.10 (residue 1.1%). 

~(&.4minobutyL1-CL4)indole acetic acid salt (11). A 1Wml. 
three neck round bottom flask waa charged with 1.75 g. of 
lithium aluminum hydride and then 17 ml. of peroxide-free 
tetrahydrofuran. The mixture waa stirred and refluxed 
under nitrogen for 0.5 hr. A solution of 2.3 g (0.0106 mole) 
of C14-nitronate in 16 ml. of tetrahydrofuran was then added 
to the refluxing solution over a period of 70 min. The SUB. 
pension waa then refluxed for about 0.5 hr., the mixture waa 
allowed to cool to room temperature, and the solid layer 
which accumulated around the top of the flask waa scraped 
down with the aid of a bent spatula. Heating was then con- 
tinued so that the total reflux time from the start of the sddi- 
tion waa 5 hr. The mixture waa cooled to room temperature 
and decomposed by the addition of a solution containing 
1.7 ml. of water and 4.5 ml. of tetrahydrofuran during 15 
min., followed by 1.8 ml. of 20% aqueous sodium hydroxide 
solution. All the solids were then scraped down into the solu- 
tion, and the suspension waa stirred for 0.5 hr. The mixture 
was filtered and the precipitate washed with tetrahydrofuran 
(2 X 10 ml.). Acetic acid (0.62 ml.) waa added to the filtrate, 
and it was evaporated to dryness a t  <No in u o .  The re- 
sulting solid waa triturated thoroughly with ethyl acetate, 
filtered, and washed with ethyl acetate, 1.85 g. (70.4% 
yield), m.p. 163-164'. Ultraviolet spectrum showed A,, 220 
(313,450); sh 273 (5500); 281 (6200); 289.5 (5350). Infrared 
spectrum showed NH: 3300; -NHI+: 2750 sh, 2670, 2560, 
2130; salt: 1630, 1568, 1525, 1420; C=C: 1496; aromatic 
substitution: 752 sh, 748. Specific activity: 0.70 millicuries 
per millimole. 



A n d .  C:tlril. far CI~HZ~N~OZ:  C, 67.71; H, 8.12; N, 11.28. 
l~'ouii~1: C ,  67.78; H, 8.20; N, 11.43. 

An analytical snmplc of tho noriradioactivc material waa 
ol)tairicd I)y cryst:tlliz:itiori from methanol-ethyl acetate, 
rr1.p. I(iG-l(i7" (s 164'). The ultrilviolct arid infrared spcctra 
wcre i d e n t i d  wif,li thosc of the radiomtive sample. 

Thc r ~ l i l i ~ : ~ ~ t i v e  sample was found to be homogeneous by 
papcr clrromntography in scvoral solvent systems and radio- 
niitography of tho paper chromatogr:ims.'Z 

DEPARTMENT OF CHEMISTRY 

KALAMAZOO, MICH. 

(12) F. S. Eberts, Jr., to  be published. 
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Resolution and Configuration of 

e thoxycarbonyl-4-phenylpiperidine 

ROBERT H. MAZUR 

Received July 1 ,  1960 

The discovery of the analgesic properties of 3- 
(4 - ethoxycarbonyl - 4 - pheny1piperidino)propio- 
phenone (I)' prompted us to  investigate the synthe- 
sis and pharmacologic evaluation of the correspond- 
ing alcohol, 1-(3-hydroxy-3-phenyIpropyl)-4-eth- 
oxycarbonyl-4-phenylpiperidine (11) 2a and some of 
its derivatives. The carbinol I1 should exhibit 
greater stability than the ketone I (a Mannich 
base) and has the additional attraction that it is 
capable of resolution which might conceivably lead 
to a useful separation of analgesic and respiratory 
depressant activities usually associated with this 
type of analgesic. 

Ketone I was conveniently reduced with sodium 
borohydride in aqueous ethanol to the desired 
carbinol I1 in high yield. The latter was crystalline 
and was characterized as the hydrochloride. The 
acetate I11 and propionate IV of the carbinol were 
also prepared. The oily esters were converted to 
crystalline maleates for analysis and testing. 

Resolution of carbinol I1 proved difficult as none 
of the salts with the usual optically active acids 
could be induced to crystallize. A suitable deriva- 
tive was eventually found by esterification with 
I-menthoxyacetyl chloride and formation of the 
crystalline maleate salt. Fractional crystallization 
yielded the 2, l-ester maleate which liberated Z-I1 on 
alkaline hydrolysis. The levo-base was character- 

(1) P. A. J. Janssen, A. H. M. Jageneau, P. J. A. Demoen, 
C. van de Westeringh, A. H. M. Raeymaekers, M. S. J. 
Woutera, S. Sanczuk, B. K. F. Hermans, and J. L. M. 
Loomans, J .  Med. Phurm. Chem., 1, 105 (1959). 

( 2 4  Janssen and Eddysb have recently reported carbinol 
I1 aa ita hydrochloride along with the corresponding acetate 
hydrochloride, III.HC1, and propionate hydrochloride, 
IV.HC1. Their analgesic potency values (mice) are in sub- 
stantial agreement with those obtained in our laboratories. 

(2b) P. A. J. Janssen and N. B. Eddy, J .  Med. Pharm. 

c 
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C h k ,  2, 31 (1960), (1963). 

ized as the hydrochloridr and vonvcrtcd to thc levo- 
acetate maleate and lcvo-propionatto maleate. 
Similarly, d-mcnthoxyacct,yl chloride3 was iiscd to 
obtain d-11 and its hydrochloride. 

As a point of interest, the ahsolutc configiu n t' ion 
of levo-base I1 was dctcrmined. The I-acetate 111 
was degraded by the von Braun cyanogen bromide 
method and the crude mixture rcducwl with lithium 
aluminum hydride. The chart shows the course of 
the reactions. The neutral fraction proved to con- 
tain I-ethylphenylcarbinol (VI) isolatJed as the a- 
naphthylurethan (VII) which had t,he same melting 
point and rotation as Z-ethylphenylcarbinyl-a- 
naphthylurethane prepared from authentic I-ethyl- 
phenyl~arbinol.~ The latter has been shown to pos- 
sess the S conf igura t i~n .~~~ Therefore, l-base I1 may 
be written as S-l-(3-hydroxy-3-phenylpropyl)-4- 
ethoxy carbonyl-4-phenylpiperidine. 

The analgesic potencies7 in mice of the various 
compounds are given in thc table. An increase in 
analgesic activity was accompanied by an approxi- 
mately corresponding increase in respiratory de- 
pression. 

OR I 

111. R = CH&O 
IV. R =  CzHsCO 

I 

VI: R = H  

EXPERIMENTAL 

1 - ( t H y d r o x  y-3-phen ylpropy1)-4-ethoxycarbun yl-4-phen yl- 
piperidine hydrochhide (II.HC1). Ketone I hydrochloride 
(12.0 g., 0.03 mole) waa suspended in 48 ml. of 50% ethanol 

(3) J. Read and W. J. Grubb, J .  SOC. Chem. Id., 51,329T 
(1932). 

(4) P. A. Levene and L. A. Mikeska, J .  Bid.  Chem., 70, . .  

355 ( 1926). 
(5)  R. MacLeod. F. J. Welch. and H. S. Mosher. J .  Am. 

C&. Soc., 82, 876 (1960). 

12, 81 (1956). 
(6) R. S. Cahn, C. K. Ingold, and V. Prelog, Experienticr, 

(7) N. B. Eddy and D. Leimbsch, J .  Phamurcol., 107,386 


