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The unexpected, mild pain-threshold elevating activity of r-cyano-y-valerolactaui ( I  ) has led to the synthesis of a number 
An improved niethod of synthesis for I is re- of related lactams, some of which bear a substituent on the nitrogen atom. 

ported. Of all the compounds prepared none surpassed I in pain-threshold elevating activity. 

The discovery by Kueter and Richardsd of the 
mild pain-threshold elevating activity and low 
acute and chronic toxicities of y-cyano-y-valerolac- 
tam (I) has led to the study of the synthesis of a 
number of analogs, homologs and N-substituted 
derivatives. 
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The reported synthesis4 of y-cyano-y-valerolac- 
tam (I) from ethyl levulinate, hydrogen cyanide 
and ammonia is not particularly attractive. -4 
study of this synthesis led to much improved 
yields, particularly when butyl levulinate was used 
as the starting ester. The improved preparation is 
reported in this paper. 

The analogs and homologs (11) of y-cyano-y- 
valerolactam were prepared from appropriate y-  

isolated as acetals. The slxcificity of this ieaction 
in producing only the y-oxo esters (or their acetals) 
provided several starting materials otherwise ob- 
tainable only with dificulty. Of the three y-oxo 
esters thus available from acrylic, crotonic and 
methacrylic esters, only ethyl P-methyl-y-oxobuty- 
rate (from ethyl crotonate) gave the lactam prod. 
uct in reasonable purity, though in low yield, by 
reaction with ammonia and hydrogen cyanidc 
Lactams from ethyl y-oxobutyrate and methyl a-  
methyl-y-oxobutyrate were obtained, but in low 
yield and rather low purity AS indicated by nitro- 
gen analysis. This is undoubtedly a result of the 
poor stability of a-aminonitriles derived from the 
aldehydes. More favorable results were obtained 
from the ketonic homologs of levulinic esters. 

,111 of the X-substituted derivatives of y-cyano- 
y-valerolactani (111) with the exceptions of N,N- 
ethylene-bis-(y-cyano- y-valerolactam) and N-@- 
cyanoethy1)-y-cyano- y-valerolactam were prepared 
by treating ethyl y-hydroxy- y-cyanovalerate with 
the appropriate amine in alcohol. The physical 
properties of these coiiipounds are given in Table 
I. Methyl levulinate gave a fair yield of N , S -  
ethylene-bis- ( y-cyano- y-valerolactani) by reaction 
with ethylenediamine dnd hydrogen cyanide. S- 
(/3-Cyanoethyl)-y-cyano-y-valerolactarn was pre- 
pared by the cyanoethylation of I. 

.. - TABLE I 
I ,  

S - s U D S T I T U T E D - y - C k . 4 ~ O - . ~ - V A L E K O L A C T A M S  ~ 1-0 
CAT >\S/ 

Analyses, %LJ 
B.1,. or m.p. Yield, Carbon Hydrogen Nitrogen 

R O C .  Mrn, I t S 5 D  40 Calcd. Found Calcd. Found Calcd. Follnd 

CHaa 107-109 2 . 8  1.4785 85 30.28 20 28 
C2He' 90-91 2 . 8  1.4689 55.6' 63.13 63.12 7 95 7 .72  
CH~=CHCH-.+ 78-79 2 .25  1.4852 37 65.82 65 .91  7 .37  7.14 

CeHjCHi' M. 71-77e 81 6 
n-C4Hgb 97-98.5 2 5 1.4642 31.6 66.63 66.78 8 .95  8.70 15..53 15.13 

" Prepared by procedure A.  b Prepared by procedure B. -4 solution of 8.60 g. (0.05 mole) of ethyl y-c~atio-y-hytiros!.- 
' j  Prepared h>- I h .  

8 0. Kuhling and L. Frank, Ber., 42,3982 (1909), report a melting point of 76-77" for 
vderate and 5 cc. (0.086 mole) of ethylamine in 50 cc. of 12A alcohol was heated only four hours a t  12,5'. 
I<. M. Beck of Abbott Laboratories, 

I 

this compound. 

oxo esters by reaction with hydrogen cyanide and 
ammonia. In some cases the intermediate cyano- 
hydrins, some of which were prepared with the aid 
of basic ion exchange resins, were isolated. The 
nldehydo-esters were prepared conveniently by the 
Oxo reaction on a,P-unsaturated esters5 and were 

f See footnote 17. 

(1) Abbott Laboratories, North Chicago, Illinois. 
( 2 )  Rohm and Haas Company, Philadelphia, Pennsylvania. 
(3) K. E. Kueter and K. K. Richards, J .  Phavmacol. E x p t l .  ThevoO., 

(4) 0. Kuhling, B e y ,  22, 2364 (1889). 
( 5 )  (a) C. H, McKeever and G. H Bgnew, U. S. Patent 2,533,276; 

106, 402 (1952) 

(11) 11. .4dkins and G. Rrsek, THIS JULRKAI,, 70, 383 (1948). 

The 6-caprolactams IV, 6-cyaiio-S-caprolactaiii 
and y-rnethyl-6-cyano-8-caprolactani, were prepared 
in fair to good yields and purity from y-acetobutyric 
acid and methyl y-acetovalerate, respectively. 

For the sake of additional structure-activity 
studies, y-valerolactain,6 y-cyano-y-valer~lactone~ 
and y-methyl-y-s~alerolnctarn8 were prepared and 
tested. Also investigated were the following ac!.- 

(6) J. Tafe l ,  Ber. ,  19, 2411 (188tj); 22, 1800 (1889). 
(7) J. Block, K. Kreckler and  13. '1.ollens. Aiin., 238, 287 (1887). 
(8) G. D. Buckly. 1'. J. Elliott. 1; C;. H u n t  and A. L o w e .  J .  Cheut. 

SUC., 1305 (1947). 
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clic analogs : y-aminovaleric acid,6 2-acetylamino- 
isob~tyronitrile~ and ethyl y-cyano- y-dimethyl- 
aminovalerate. 

Pharmacological studies were performed on all 
of the compounds reported here by Dr. R. K. Rich- 
ards, Kenneth Kueter and their associates of Ab- 
bott Laboratories. In general, all of the lactams 
showed low acute toxicity in mice. Pain-threshold 
elevating activity was determined using a modified 
Wolff, Hardy and Goodell procedure in dogs. 
The only compounds showing measurable pain- 
threshold elevating activity were y-cyano-y-valero- 
lactam (I) , N-methyl- y -cyano- y-valerolactam (111, 
K = methyl), N- (p-cyanoethyl) -7-cyano-y-valero- 
lactam (111, R = /3-cyanoethyl) and y-valerolac- 
tam. Compound I proved repeatedly to be very 
active in dogs, but in human clinical trial, when 
compared under identical conditions with aspirin 
and placebos, it  was shown to be slightly less active 
than aspirin.3 

Experimental lo 

%-Butyl levulinate was prepared by a modification of the 
method of Schuette and Cowley11 using Amberlite XE- 
77AGL2 (ground to no. 60 mesh) as a catalyst. At the end 
of the reaction the resin was removed by filtration and the 
mixture was distilled to recover the product in 96.7% yield. 

7-Cyano-yvalero1actam.-To a mixture of 172 g. (1 
mole) of n-butyl levulinate, 175 g. (2.36 moles) of n-butyl 
alcohol and 1 .O g. of triethanolamine was a$ded 28.2 g. (1.04 
moles) of liquid hydrogen cyanide a t  2-30 . After stirring 
for 2 hours, 28.2 g. (1.66 moles) of anhydrous ammonia 
was passed into the closed system. The temperature imme- 
diately rose to 50" where it remained for the total addition 
time of 2.5 hours. The mixture was stored in a refrigerator 
overnight, then heated a t  80" for 4.5 hours and finally cooled 
in an ice-bath for one hour. The solid formed was filtered 
off and dried to yield 75.6 g. An additional 33.2 g. of 
product was recovered from the filtrate giving a total yield 
of 108.9 g. (87.8'%), m.p. 141-142°.13 

y-Cyano-ybutyro1actam.-To a chilled mixture of 163 g. 
(0.94 mole) of ethyl y,y-dimeth~xybutyrate,~~ 50 cc. of 
Amberlite XE-77AG,I2 50 cc. of Amberlite IRA 40014 and 25 
cc. of water was added 30 g. (1.1 moles) of liquid hydrogen 
cyanide. This mixture was stirred a t  room temperature for 
4 hours, then filtered to remove resins. The filtrate was 
stabilized with 5 drops of phosphoric acid before concen- 
trating. The residue was dissolved in ether, the aqueous 
layer was removed and the ethereal layer was dried over 
anhydrous magnesium sulfate. The ether was distilled off 
and the residue now was used without further purification. 
To 22.5 g. (0.14 mole) of crude cyanohydrin was added 6.8 
g. (0.4 mole) of ammonia dissolved in 200 g. of anhydrous 
ethanol and the mixture was stirred in an ice-bath for 0.25 
hour. The mixture was allowed to warm to room tempera- 
ture, then refluxed for 24.5 hours. After cooling it was 
filtered to remove a small amount of insolubie material. 
The filtrate was freed of the solvent and the gummy residue 
was crystallized from benzene to yield 3.4 g. (22%) of prod- 
uct. Recrxstallization from n-butyl alcohol gave a solid, 
m.p. 92-93 . 

Anal.lj Calcd. for C5H6N20: N, 25.4. Found: K, 24.8. 
P-Methyl-7-cyano-7-butyrolactam-To a mixture of 14.4 

g. (0.1 mole) of ethyl P-methyl-y-~xobutyrate~~ and 1.0 g. 
of Amberlite XE-77AG,IZ cooled in an ice-bath, were added 

(9) G. Hellsing, Ber., 37, 1921 (1904). 
(10) Melting points reported in this paper are corrected. 
(11) H. A. Schuette and M. A. Cowley, THIS JOURNAL, 53, 3485 

(1931). 
(12) Amberlite XE-77AG is a sulfonic acid ion-exchange resin manu- 

factured by Rohm and Haas Co. 
(13) 0. Kuhling, ref. 4, reports a melting point of 141O. 
(14) Amberlite I R A  400 is a strong base ion-exchange resin manufac- 

(15) Analysis under the  direction of C.  W. Nash and T. P. Callan, 
tured by Rohm and Haas Co. 

Rohm and Haas Co. 

first 8.3 g. of a 24.6% methanolic ammonia solution (0.12 
mole) and then a solution of 3.0 g. of hydrogen cyanide (0.11 
mole) in 25 g. of methanol. The flask was stoppered tightly 
and allowed to stand a t  room temperature for 46 hours. 
The solvent was distilled off and the residual oil was crystal- 
lized from n-butyl alcohol with the aid of a seed from a pre- 
vious preparation. The solid was filtered off, washed with 
chilled n-butyl alcohol and dried to give 2.4 g. of product, 
m.p. 110-112". I t  was recrystallized from n-butyl alcohol 
to yield 2.3 g. (18.5y0) of product, m.p. 110-111.5°. 

And ' s  Calcd. for C~HBNZO: h', 22.6. Found: A?, 
22.0. 

Attempts to prepare a-methyl-y-cyano-7-butyrolactam 
by a similar procedure from appropriate starting materials 
resulted in a product which was low in nitrogen and resisted 
purification. 

&Cyano-&caprolactam.-A mixture of 9.2 g. (0.07 mole) 
of y-acetobutyric acid,16 25 g. of Amberlite XE-77AG12 and 
128 g. (4 moles) of methanol was refluxed 72 hours and then 
allowed to cool. The resin was removed by filtration and 
the filtrate was charged into a stainless steel autoclave, 
together with 2.0 g. (0.074 mole) of hydrogen cyanide and 
1.3 g. (0.076 mole) of liquid ammonia. The autoclave 
was heated on a steam-bath for 23 hours, then cooled. The 
solid that was formed was removed, washed with ether and 
dried to give 4.0 g. of product. I t  was recrystallized from 
anhydrous ethanol to yield 3.1 g. (32%) of product, m.p. 
170-173". A repeat preparation gave a yield of 49.7% 
product, m.p. 170-171". 

AnaZ.'j Calcd. for C7H10iV20: N, 20.3. Found: N, 
19.9. 
y-Methyl-6-cyano-&caprolactam.-A mixture of 360 g. 

(5  moles) of methyl ethyl ketone and 86 g. (1 mole) of methyl 
acrylate was heated to reflux. To this 20 g. of a 51.2% 
solution of choline in methanol was added dropwise over a 
period of 30 minutes. After refluxing the mixture for 2.25 
hours it was cooled and neutralized with a solution of 1: 1 
hydrochloric acid and water and distilled to yield 26.9 g. 
(17%) of product, b.p. 72-76' a t  2 mm. Since the saponi- 
fication number for this ester corresponded to methyl y- 
acetylvalerate (calcd. for C8H140~ 355, found 368) it was 
converted directly to the lactam without further puriiica- 
tion. To a cooled solution of 16.4 g. (0.1 mole) of this ester 
and one drop of piperidine in 75 g. of ethanol was added 5.4 
g. (0.2 mole) of liquid hydrogen cyanide. The solution was 
stirred a t  5" for 0.75 hour and then a t  room temperature for 
an additional hour. To this was added 3.4 g. (0.2 mole) of 
ammonia in 25 g. of ethanol with cooling. The mixture 
was stirred a t  5-15' for one hour, a t  room temperature for 
another hour and finally a t  reflux for 26.5 hours. I t  was 
allowed to cool, dried over anhydrous magnesium sulfate 
and treated with Nuchar C-190. The solvent was removed 
and the residual solid was slurried in ether, filtered and dried 
to yield 10.8 g. (71.2'%) of product, m.p. 139-140.5". 

And. '& Calcd. for CaH12N20: N, 18.4. Found: hT, 18.1. 
N-Ethylene-bis-(7-cyano-y-valerolactam).-To a cooled 

mixture of 72.5 g. (0.5 mole) of methyl levulinate, 5 g. of 
Amberlite XE-77AG12 and 75 cc. of methanol was added 
first 16.2 g. (0.6 mole) of hydrogen cyanide in 50 cc. of 
methanol and then 16.9 g. (0.25 mole) of 89% aqueous 
ethylenediamine in 50 cc. of methanol. The stopper was 
closed tightly and the flask allowed to stand a t  room tem- 
perature for 6 days. The resin was removed by filtration 
and the filtrate freed of part of the solvent. %-Butyl alcohol 
was added and the mixture heated until only n-butyl alcohol 
distilled off. It was then cooled and the solid which had 
precipitated was filtered off and dried to give 41.2 g. (60.2y0) 
of gummy product. This was recrystallized from 75 cc. 
of b:tanol to yield 32.5 g. (37.4%) of product, m.p. 133- 
143 . 

Ana2.15 Calcd. for CirHi~NaOz: E, 20.4. Found: N, 
20.0. 

Ethyl ?-Cyano-7-hydroxyvalerate.-To a solution of 220 
g. (2.1 moles) of sodium bisulfite in 800 cc. of water was 
added in a thin stream 250 g. (1.73 moles) of ethyl levulinate 
with stirring. After cooling the solution to an internal 
temperature of So, to it was added a solution of 103 g. (2.1 
moles) of sodium cyanide in 500 cc. of water a t  such a rate 
that the internal temperature did not rise above 15". An 

(16) N. F. Albertson, THIS JOURNAL, 70, 669 (1918) 
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oil separated. The mixture was stirred cold (ice-bath) for 
one hour and then for 2 hours at room temperature. After 
adding just enough water to dissolve the solid salts that  had 
formed, the two liquid layers were separated. The aqueous 
layer was extracted well with ether and the ether washings 
mere added to the original oil. This ether solution was 
washed well with saturated sodium bisulfite solution, water, 
saturated brine and then dried over anhydrous magnesium 
sulfate. After filtering, the ether solvent was removed 
under reduced pressure with very gentle external heating 
and the residual oil dried to constant weight. The yield of 
crude colorless product was 270 g. This could not be dis- 
tilled and thus was used directly in the following prepara- 
tions without further purification. 

N-Methyl-7-cyano-y-valero1actam.-( Procedure A)  A 
solution of 34.2 g. (0.2 mole) of ethyl y-cyano-y-hydroxy- 
valerate and 20 cc. (0.5 mole) of methylamine in 50 cc. of 
12A alcohol was heated in a bomb for 8 hours a t  125'. The 
solvent was removed on a steam-bath under reduced pressure 
and the residual red oil was distilled to give 23.3 g. (S5yc) of 
a faint yellow oil, b.p. 102-103° a t  1.7 mm., E * ~ D  1.4793. 
This was redistilled to give 19.8 g.  of product, b.p. 107-109" 
a t  2.8 mm., n25~ 1.4785. 

Anal." Calcd. for C~HIONPO: S, 20.28. Found: X, 
20.28. 

N-Butyl-y-cyano-y-valero1actam.-( Procedure B)  A solu- 
tion of 6.00 g. (0.035 mole) of ethyl y-cyano-y-hydrosy- 
valerate and 2.90 g. (0.04 mole) of %-butylamine was al- 
lowed to stand about 16 hours a t  room temperature. The 
two layers which had formed were separated and the or- 
ganic layer was dissolved in 50 cc. of 12A alcohol and the 
solution was refluxed 15 hours. After standing overnight 
a t  room temperature the solvent was removed under re- 
duced pressure. The residual oil was dissolved in ether and 
the ether solution washed with 5% hydrochloric acid, water, 
saturated brine, clarified with Darco and dried over anhy- 
drous magnesium sulfate. After filtering, the solvent 
\vas removed to  give 4.20 g. of a crude oil. This was dis- 

(17) Analysis hy E. F. Shelberg and staff, Abhott Laboratories. 

tilled to give 2.28 g. (31. )of a colorless oil, 1 1 . p .  9 7 ~  98.;" 
a t  0.5 mm., ? Z * ~ D  1.4642. 

Ana1.'7 Calcd. for CloHlGS20: C ,  66.W; 11, S.93; S, 
15.55. Found: C, 66.78; H, 8.70; S, 15.13. 

N-(p-Cyanoethy1)-r-cyano-y-valerolactam .-A mixture of 
5.60 g. (0.045 mole) of y-cyano-y-valerolactam, 2.50 g. 
(0.047 mole) of acrylonitrile and one pellet of sodium hy- 
droxide mas warmed gently on a steam-bath with occasional 
shaking until liquefaction had taken place. Heating w a s  
then continued for an additional 30 minutes. The resulting 
sirup was cooled and scratched until it solidified. Kr- 
crystallization from 3A alcohol gave 2.97 g. of colorlcss 
needles, m.p. 78-80". From the mother liquor was isolatetl 
an  additional 0.53 g. of product, m.p. 72-80', making a total 
yield of 43.9m0. A further recrystallization from 3A alcohol 
gave colorless prisms, m.p.  75-77', 

Anal." Calcd. for CyHIINaO: ?T, 23.71. Found: N ,  
23.87. 

Ethyl */-Cyano-y-dimethylaminovalerate.-A solution of 
60.0 g. (0.575 mole) of sodium bisulfite and 72.0 g. (0.5 
mole) of ethyl levulinate in 130 cc. of water was stirred 2 
hours a t  room temperature. To  this was added 135 g. 
(0.7fi mole) of a 25% solution of dimethylamine and the re- 
sulting solution stirred 2 hours a t  room temperature. After 
the addition of 28.2 g.  (0.57.3 mole) of sodium cyanide the re- 
sulting mixture was stirred two hours a t  room temperature. 
Sufficient water was added to  dissolve the solids that had 
formed and the layers were separated. After extracting 
the aqueous phase three times with ether the combined or- 
ganic layers were washed with water and dried over anhy- 
drous magnesium sulfate. After filtering, the ether was 
removed under reduced pressure and the residual oil was 
distilled to give 10.1 g. (14";) of recovered ethyl levulinate, 
3.8 g. of an intermediate fraction and 37.2 g. (37.8';;) of the 
desired product, b.p. 130-132" at 15 mm., n Z 6 ~  1.4462. 

.4nol.:7 Calcd. for ClOH,sS?O.: N, 14.13, Found: S, 
14.02. 

[CONTRIBUTION FROM THE RESEARCH LABORATORIES O F  PARKE, D A V I S  & COMPANY] 

Compounds Related to Chloromycetin. 1-Biaryl-2-dichloroacetamido- 1,3-propanediols 
B Y  h/ I ILDRED c. REBSTOCK AND C H A R L O T T E  D. s T R . % T T O X  

RECEIVED SOVEMBER 1, 1951 

Several compounds related to ~~-threo-l-b~phenylyl-2-dichloroacetamido-1,3-propanediol have been synthesized. These 
include analogs having thiophene, 2-methylthiophene and 2-methylfuran groups substituted for the phenyl attached to the 
side chain. The preparations of 1-(1'-methoxybiphenyl?-l)- and 1-(2-bromobithienyl~-2-dichl~roacetami~o-l ,~-prop~~ne~~~ol  
:ire also given. 

The demonstration of the marked antibacterial 
activity of ~-threo-l-biphenylyl-2-dichloroacetan~- 
ido- 1,3-propanediol and of the corresponding race- 
mic p-methylbiphenylyl and p-bromobiphenylyl 
derivatives2 has motivated the preparation of a 
number of related compounds Ia, Ib, IC, Id and Ie. 
These include the p-methoxybiphenylyl analog, as 
well as compounds having either or both of the 
phenyl rings replaced with heterocyclic aromatic 
rings. The syntheses of 2-dichloroacetamido-1-(2- 
naphthyl)-l,3-propanediol and its Q-nitro-l- 
naphthyl analog have previously been described by 
Long and Troutman3 while Feitelson, et ~ l . , ~  have 

(1) Parke, Davis & Company registered trademark for chloram- 

( 2 )  nf.  C .  Rebstock, C .  D. Stratton and I,. L. Bambas, THIS JOUR- 

(3) I,. n1. Long and H.  D. l'routman. i b i d . ,  73, 542 (1981). 
(4) B. S. Feitelson, J .  T. Gunner, R. J .  Moualim, V Petrow, 0. 

Stephenwii and  S. W. F. TTnderhill. J .  Phavm. Phnrmnrol.,  3, 1 4 0  
( I  il.-, 1 

~ihenicol. 

S A I . ,  77, 24 (1$?%s). 

prepared the 2-quinolyl compounds. In a recent 
publication Morris and Smith5 outlined the synthe- 
sis of 1-(p-thiazoylphenyl) -2-dichloroacetamido- 1 ,B-  
propanediol. 

SHCOCHCL 

Ar-CFIOH-CH- CHIOH 
I 

(a) p-CH,0-C6H4-C~H4- 

ir3 
( ( I )  CaH6- , )--CFTj 

0 

Starting materials for the synthesis of  these coni- 
pounds were the corresponding biaryls : :'-phenyl- 

(:) D. S lforris and s. D. Smith,  .I CIzpn>I  S t x  , h i80 I IFl54). 


