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Novobiocin has a molecular formula of C31HS6Nz011. Hydrogenation yielded dihydronovobiocin which is cornparable 
Cleavage of novobiocin with methanolic hydrogen chloride gave a methyl glyco- 

Degradation of cyclonovobiocic acid gave the known 2,2-dimethyl-6- 
Stepwise degradation of novobiocin and dihydronovobiocin gave 4-hydroxy-3-(3-methyl-2-butenyl)- 

with novobiocin in antibiotic properties. 
side, CIOHI~KOP,, and cyclonovobiocic acid, C22H21NO6. 
carboxychroman. 
benzoic acid and 4-hydroxy-3-isopentylbenzoic acid, respectively. 

A new antibiotic designated cathomycin and 
streptonivicin2 was recently reported as the result 
of independent investigations in two laboratories. 
Samples of cathomycin and streptonivicin have 
been exchanged3 and were found to be identical. 
The same substance was also isolated in the Pfizer 
Laboratories and designated cardelmycin. Con- 
sequently, a new generic name, novobiocin (I), has 
been selected for the antiobiotic. Structural 
studies leading to a partial structure of novobiocin 
have been r e p ~ r t e d . ~ ~ ~  More recently the com- 
plete structure has been elucidated.6 In this 
paper are described further details on our charac- 
terization of novobiocin and on the hydrogenation 
and cleavage products of the molecule. 

Our analytical data on novobiocin are in agree- 
ment with the formula C31H36NzOll. We previously 
reported' that the formula of novobiocin was 
CaoH3sNzOll or a closely related one. Others2 first 
reported C30-~~H38- 42N2011, and then C31H36N2011 

Novobiocin was cleaved with methanolic hydro- 
gen chloride and two compounds were charac- 
terized. One of these is a crystalline methyl 
glycoside (11) of a new sugar. This sugar was 
named 3-carbamyl-4-methylno~obiose.~ Analyti- 
cal data on the glycoside are in agreement with the 
formula CloHlsNOa. 

Another portion of the novobiocih molecule, 
cyclonovobiocic acid (111), C22HllN06, was ob- 
tained from a methanolic hydrogen chloride cleav- 
age reaction. Interpretation of the analytical data 
of novobiocin in terms of C ~ ~ H ~ B N Z O ~ ~  is in agree- 
ment with the sum of the formulas of the methyl 
glycoside (CloHl9hTO6) and cyclonovobiocic acid 
(C22HzlN06) less one molecule of methanol. 

Further degradation of the acid I11 by aqueous 
sodium hydroxide yielded the known acid 2,2- 
dimethyl-6-carboxychroman (IV) .' 4-Hydroxy-3- 
(3-methyl-2-butenyl)-benzoic acid (V) , the pre- 
cursor of the chroman IV, was obtained by hydroly- 
sis of novobiocin with aqueous alkali. 
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Hydrogenation of novobiocin over a platinum 
catalyst yielded dihydronovobiocin (VI). The 
hydrogen introduced into the molecule converted 
the 3-methyl-2-butenyl group into an isopentyl 
group. This reaction was demonstrated by cleav- 
age of dihydronovobiocin directly with aqueous 
alkali to 4-hydroxy-3-isopentylbenzoic acid (VII). 
Biological studies with dihydronovobiocin have 
shown that this compound is a potent antibiotic, 
comparable with novobiocin itself. These anti- 
biotic data will be reported separately. 

The two acids V and VI1 were also prepared syn- 
thetically. Ethyl 4-hydroxy-3-(3-methy1-2-buten- 
$)-benzoate (VIII) was prepared by condensation 
of l-bromo-3-methyl-2-butene with the sodium salt 
of ethyl 4-hydroxybenzoate in toluene. Hydroly- 
sis of the ester with aqueous sodium hydroxide 
gave 4-hydroxy-3-(3-methyl-2-butenyl)-benzoic 
acid (V), which was identical with the compound 
obtained by degradation. 
2,2-Dimethyl-6-carboxychroman (IV) was pre- 

pared from the ester VI11 by cyclization with 
methanolic hydrogen chloride followed by alkaline 
hydrolysis. The chroman IV was identical with 
the compound obtained by degradation and with a 
sample kindly supplied by Dr. Walter M. Lauer.8 

Synthesis of 4-hydroxy-3-isopentylbenzoic acid 
(VII) was accomplished by hydrogenation of ethyl 
4-hydroxy-3-(3-methyl-2-butenyl)-benzoate (IX) 
over a platinum catalyst followed by alkaline hy- 
drolysis. The synthetic acid was identical with 
the acid (VII) obtained from dihydronovobiocin. 

(8 )  Department of Chemistry, University of Minnesota. 
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Experimentalg 
Crystalline Sodium Novobiocin .-Xovobiocin was sus- 

pended in methanol (3  vol.) and neutralized to PH 7.5-7.6 
with methanolic sodium methoxide. The solution was di- 
luted with ten volumes of acetone and the resulting crystal- 
line sodium novobiocin was collected. Recrystallization 
from hot methanol gave sodium novobiocin as glistening 
platelets. X-Ray diffraction studies indicated full crystal- 
linity for the material dried a t  room temperature in  vacuo, 
hut completely dried material no longer exhibited character- 
istic X-ray diffraction. -4 second recrystallization from 
methanol gave sodium novobiocin of 99.8 ?G 0.2yo purity 
by wlubilitl- analysis, [cu ]*~D -38' ( c  1 in water). The 
ultraviolet absorption spectrum of the salt in 0.1 LV 
sodium hydroxide solution showed a maximum a t  306 
mp (E;:, 599). The spectrum of a 0.1 Nmethanolic (90%) 
hydrochloric acid solution showed a maximum a t  322 mp 
(E;%, 387). Potentiometric titration with perchloric acid 
in glacial acetic acid gave an equivalent weight of 623 
(calcd. 634). 

Anal. Calcd. for C31H3jN2011Na: C,  58.66; H ,  5.56; 
N, 4.42; 0, 27.73; Na, 3.62. Found: C, 58.49; H, 5.51; 
S ,4 .56 ;  0 , 2 7 . 4 :  ?;a, 3.60. 

Dihydronovobiocin.--.I solution of 1.12 g. of novobiocin 
in 20 ml. of methanol and 25 mg. of reduced platinum oxide 
was hydrogenated by stirring under atmospheric pressure 
a t  ca. 25' for 36 minutes. The hydrogen absorption was 
equivalent to one mole of hydrogen per mole of novobiocin. 
The cata!yst was separated and the solution evaporated to 
dryness zn V U C U O .  The residue of dihydronovobiocin was 
dissolved in acetone and precipitated from this solution with 
petroleum ether, [ a ] " ~  -27" (c  1.68 in 2.5 i?; sodium hp- 
droxide). 

The sodium salt of dihydronovobiocin was prepared by 
adding one equivalent of sodium methoxide to a methanol 
solution of dihydronovobiocin. Recrystallization of the 
product from methanol gave material of 97.5% purity by 
solubility analysis. The ultraviolet absorption spectrum of 
this product in 0.1 S sodium hydroxide solution showed a 
maximum a t  306 mp (E!:m 583). The spectrum of a 0.1 
A' methanolic (90%) hydrochloric acid solution showed a 
maximum a t  322 mp (E::, 381). 

.4naZ. Calcd. for C31H3iX2011Na: C, 58.45; H, 5.86; 
N, 4.40; S a ,  3.61. Found: C, 58.56; H ,  5.74; N, 4.85; 
Na, 3.53. 

Acid Hydrolysis of Novobiocin. A. Cyclonovobiocic 
Acid.--A solution of novobiocin (5.0 g.) in 250 ml. of meth- 
anol and 69 ml. of hydrochloric acid (sp. gr. 1.19) was 
heated on the steam-bath for two hours. After about one 
hour, cyclonovobiocic acid began to precipitate. The mix- 
ture was cooled and the solid was collected and washed with 
water; 2.7 g., m.p. 282-284". The product was recrystal- 
lized from boiling methanol; m.p. 289-290'. 

Anal. Calcd. for C ~ ~ H ~ ~ N O G :  C, 66.82; H, 5.35; ri, 
3.54. Found: C,67.07; H,5.21: A-,3.76. 

The ultraviolet absorption spectrum of cyclonovobiocic 
acid in 0.1 iV sodium hydroxide solution showed maxima a t  
326 mp (E::, 424), 290 mp 164) and 251 m p  (E!?m 
509). 

Acid Hydrolysis of Novobiocin. E. Methyl 3-Carbamyl- 
4-methylnovobioside.-The filtrate from the collected cy- 
clonovobiocic acid was neutralized with sodium bicarbonate, 
concentrated under reduced pressure to  remove the meth- 
anol, filtered, and the resulting aqueous solution was lyo- 
philized. The residue was extracted with several portions 
of acetone. Concentration of the extracts to about 10 ml. 
gave 0.45 g. of a crystalline product, m.p. 187-190". Re- 
crystallization of this product from acetone raised the melt- 
ing point to 191-192', [ c u ] ~ ~ D  -24' ( c  0.8 in methanol). 

Anal. Calcd. for C~OHI~NOG:  C, 48.17; H ,  7.61; N, 
5.62. 

4-Hydroxy-3-(3-methyI-2-butenyl)-benzoic Acid from 
Hydrolysis of Novobiocin.-A solution of 2 g. of novobiocin 
in 100 ml. of 3Oy0 sodium hydroxide was heated on the steam- 
cone for 17 hours. The dark brown solution was then 
acidified with dilute sulfuric acid to  ca. p H  2. An oily pre- 
cipitate (ca. 400 mg.) was formed, which was separated 
from the solution, washed with water and dried. The resi- 
due was dissolved in 10 ml. of benzene, and 2 ml. of petro- 

Found: C, 48.35; H, 7.54; N, 5.77. 

(9) Melting points were determined on a Rofler micro-hot-stage. 

leum ether (b.p. 30-60") was added. After cooling the 
solution in the refrigerator, a crystalline precipitate formed; 
yield ca. 185 mg., m.p. 80-90". The product was recrys- 
tallized from chloroform by dilution with petroleum ether; 
m.p. 97-99'. 

The infrared spectrum of this product was identical with 
that of a synthetic sample of 4-hydroxy-3-(3-methyl-2-b~- 
teny1)-benzoic acid which was recrystallized from chloro- 
form-petroleum ether. A mixed melting point determina- 
tion also showed identity. 

Synthesis of Ethyl 4-Hydroxy-3-(3-methyI-Z-butenyl)- 
benzoate.-A mixture of 7 g. of sodium cut into small 
pieces, 300 ml. of dry toluene and 50 g. of ethyl p-hydroxy- 
benzoate was heated under reflux with stirring for five hours. 
The mixture was cooled in an ice-bath and stirred while 50 
g. of l-bromo-3-methyl-2-butene was added dropwisc during 
a period of two hours. The reaction mixture was stirre$ 
for 15 hours a t  room temperature and then warmed to 50 
for one-half hour. After filtration to remove sodium bro- 
mide, the toluene solution was concentrated under reduced 
pressure to  100 ml. and extracted with three 100-ml. por- 
tions of 2.5 N sodium hydroxide. The alkaline extracts 
were combined, cooled to 0" and carefully acidified to PH 6 
with 2 A' sulfuric acid. The heavy oil which separated was 
extracted with ether. The ether solution was dried over 
magnesium sulfate and concentrated in vacuo; yield 42 g. 
This oil was dissolved in cyclohexane and extracted with a 
saturated solution of sodium carbonate to remove the unre- 
acted ethyl p-hydroxybenzoate. The cyclohexane layer was 
dried over magnesium sulfate and concentrated in  vacuo. 
The residue was dissolved in a boiling mixture of equal parts 
of cyclohexane and petroleum ether (b.p. 30-60"). After 
cooling a t  room temperature for a few hours and at 3' over- 
night, the solid was collected; m.p. 62-66': Recrystalli- 
zation from a mixture of cyclohexane and petroleum ether 
gave 18.9 g. of product, m.p. 66-69'. The ana1yti:al 
sample was recrystallized from cyclohexane; m.p. 70-72 . 

Anal. Calcd. for Ci4HI8O3: C, 71.92; H, 7.74. Found: 
C,  71.24; H, 7.45. 

Synthesis of 4-Hydroxy-3-(3-methyl-Z-butenyl)-benzoic 
Acid.-A solution of 7 g. of ethyl 4-hydroxy-3-(3-methyl-Z- 
buteny1)-benzoate in 30 ml. of 4 AT sodium hydroxide was 
heated on the steam-cone for four hours. After cooling in 
an ice-bath, the solution was acidified with dilute hydro- 
chloric acid and extracted with ether. The combined ether 
extracts were washed with water, dried over magnesium 
sulfate, filtered, and concentrated in vacuo. The residue 
was dissolved in hot benzene and crystallized by the slow 
addition of cyclohexane; m.p. 80-84". The product mas 
recrystallized from a mixture of benzene and cyclohexane; 
m.p. 87-89'.. Several recrystallizations from benzene raised 
the melting point to 94-95', This acid was purified by dis- 
solving it in a solution of sodium carbonate and extracting 
with ether. After acidifying the ice-cold sodium carbonate 
solution with hydrochloric acid, the product was collected 
and washed with cold water. The final product was re- 
crystallized from a mixture of methanol and water; m.p. 

Anal. Calcd. for C12H1403: C,  69.88; H ,  6.84. Found: 
C, 70.28; H ,  6.76. 

4-Hydroxy-3-isopentylbenzoic Acid from Hydrolysis of 
Dihydronovobiocin .-A solution of 1 g. of dihydronovobiocin 
in 40 ml. of 15% sodium hydroxide was heated on the steam- 
cone for 18 hours. The solution was then acidified to  ca. 
PH 2 with dilute sulfuric acid. The dark colored precipi- 
tate which formed was separated, washed with water, dried 
and then dissolved in ether. The ether solution, after treat- 
ment with Darco, was evaporated to dryness in  aucuo, and 
the resulting residue mas triturated with aqueous sodium bi- 
carbonate. The precipitate which formed after acidifica- 
tion of the bicarbonate solution was crystallized from aqueous 
ethanol. The crystalline 4-hydroxy-3-isopentylbenzoic acid 
melted a t  108-1 10". Recrystallization from chloroform 
by dilution with ether raised the melting point to  100-102". 
Other crystallizations indicated polymorphism for this acid. 
The infrared spectrum of this acid was identical with that of 
a synthetic sample of 3-isoamyl-4-hydroxybenzoic acid 
which had been crystallized from chloroform-ether. A 
mixed melting point determination also showed identity. 

101-103 O . 

Anal. Calcd. for C12H1~03: C, 69.20; H, 7.75. Found: 
C, 69.04; H ,  7.70. 
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Synthesis of 4-Hydroxy-3-isopentylbenzoic Acid.-A 
solution of 3 g. of ethi-l 4-hydroxy-3-( 3-methyl-2-buteny1)- 
benzoate in 50 ml. of ethanol was hydrogenated over 0.5 g. 
of platinum oxide catalyst. The theoretical amount of hy- 
drogen was absorbed within one hour. After removal of the 
catalyst by filtration, the alcohol was distilled under re- 
duced pressure. The residue was dissolved in 20 ml. of 4 ,'V 
sodium hydroxide and the solution was heated on the steani- 
cnne for four hours. .After acidification with hydrochloric 
acid, the mixture was extracted with ether. The ether ex- 
tract was dried over magnesium sulfate, filtered, and con- 
centrated in z'ucuo. The residue was dissolved in hot ben- 
zene and cyclohexane was added. -1fter cooling, the prod- 
uct was collected on a filter. The product was recrystal- 
lized from a mixtiire of chloroforni and cyclohexane; m.p .  
108-109". 

Anal. Calcd. for C1:€1,~0~: C, G9.20; 13, 7.75. Found: 
C, 68.98; H ,  7.29. 

2,2-Dimethyl-6-carboxychroman from Hydrolysis of Cy- 
clonovobiocic Acid.--A solution of 500 mg. of cyclonovobio- 
cic acid in 20 ml. of 2.5 N sodium hydroside was heated on 
the steam-cone for 18 hours. The dark brown solution was 
then acidified with dilute sulfuric acid to  ce. pH 2. ,4 dark 
colored crystalline precipitate formed and was separated, 
washed with water and dried. The crude product melted 
a t  170-176', with sublimation on the micro-block a t  ca. 125'. 
Purification was accomplished bj- sublimation in Z J ~ C Z L O  and 
recrystallization of the sublimate from ether by dilution with 
petroleum ether. The colorless 4,2-dimethyl-B-carbosy- 
chroman melted a t  178-180". 

The ultraviolet ahsorption spectrum of thc substance in 
solution (ce. pH 11) showed a single maximum a t  252 mp and 
in solution a t  CQ. pH 2 a maximum a t  262 mp. 

This compound proved to  be identical with synthetic 2,2- 
dimethyl-6-carboxychroman and with the sample obtained 
from Dr. Lauer.* 

Anal. Calcd. for C1?Hi1O3: C, 69.90; H,  6.86; innl. wt., 
206. Found: C,  69.96; H,  6.52; eyuiv. wt., 210. 

Synthesis of 2,2-Dimethyl-6-carboxychroman.- A solu- 
tion of 2 g. of ethyl 4-hydroxy-3-(3-methyl-2-butenyl)-ben- 
zoate in 15 ml. of methanol and 5 ml. of hydrochloric acid 
was heated under reflux for one-half hour. After concen- 
tration to dryness under reduced pressure, the residue was 
dissolved in a 15% aqueous solution o f  sodium liytlroxitlv 
and the solution was heated for six hours on the ste;irn-coiic. 
After cooling in an ice-bath, the alkaline niixturr TKLS lieu- 
tralized with 2.5 S hydrochloric acid. Tlic product 1 ~ 1 5  
collected. Recrystallization from ethanol gave colnrles5 
2,2-dirneth~~l-6-carboxycliroman melting a t  176-1 78'. Tlic 
melting point reported in the literature7 is 176-177'. 

The methyl ester was prepared with diazonietliaiie i i i  

ether solution. The ester, after recryst;tllizatinn from ether 
melted a t  79-80'. 

Anal. Calcd. for C I ~ H I ~ O ~ :  C, 70.88; H ,  7.32. Found: 
C, 71.03; H ,  7.60. 

The p-bromophenacyl ester was prepared in ethanol solu- 
tion from the sodium salt of the acid and p-bromophenacyl 
bromide. The ester, after recrystallization from hot etha- 
nol, melted a t  149'. 

i lnal.  Calcd. for C20HlgOaBr: C,59.56; H,4.75. Found: 
C, 59.36; H, 4.94. 
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Certain Amines, Amides and Nitriles with 2- and 4-Vinylpyridine and 

2-M e thyl-5-vinylpyridine 
BY GEORGE MAGNUS AND ROBERT LEVINE 
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The reactions of (1) a series of amines with 4-vinylpyridine, (2) three nitriles with 2- and 4-vinylpyridine, (3) three arninei 
with 2-methyl-5-vinylpyridine and (4) two amides with 2- and 4-vinylpyridine are reported. The N-pyridylethylated 
amides, 2- and 4-CjHaSCHzCHzNHCOR (R = CHa and CzHs), may be hydrolyzed to  the corresponding amines, 2- .~nd 
4-C6Hah7CH2CH2NH?, which may also be obtained in good yields by the reactions of 2- and 4-vinylppridine with arnmonium 
chloride. 

In previous papers from this Laboratory, the 
reactions of and primary4 and secondary5 
amines with 2-vinylpyridine were discussed. 

In the present paper we report the results of the 
reaction of (1) nine amines (two primary and seven 
secondary) with 4-vinylpyridine, ( 2 )  ammonia with 
2- and 4-vinylpyridine, (3) three amines with 2- 
methyl-5-vinylpyridine, (4) two amides with 2- 
and 4-vinylpyridine and ( 5 )  three nitriles with 2- 
and 4-vinylpyridine. 

The results of the additions of the amines to 4- 
vinylpyridine are found in Table I. It may be 
seen that cyclohexylamine was pyridylethylated in 
fair yield using a catalytic amount of acetic acid as 

(1) This work was performed under Contract No. AT(30-1)-670 
between the  U. S. Atomic Energy Commission and the University of 
Pittsburgh. 

' 2 )  K. Levine and 11 €I Wilt, Tius J O U K N A L ,  74, 312 (1932). 
>.'{) XI .  13. \Tilt and K.  Levine, ibid., 76, 1308 (19531. 
(41  H. E. Reich and R. Levine, i b i d . ,  77, 5-134 (19.55). 
( 3 ,  H. E. Iieich and  R.  I ,er ine,  i b i d . ,  77, 4913 (lCl,5.5), 

the condensing agent. Although under these 
conditions or when a catalytic amount of sodium 
metal was used to effect the addition of aniline to 
4-vinylpyridine no reaction occurred, the interac- 
tion of equivalents of aniline, 4-vinylpyridine and 
glacial acetic acid in methanol gave a 73.5T0 yield 
of 4-(2-anilinoethyl)-pyridine. I t  may be seen 
that the secondary amines, with the exception of 
pyrrole, may be condensed effectively with 4- 
vinylpyridine using acetic acid or hydrogen chlo- 
ride as the condensing agent. Furthermore, the 
pseudo-acid, pyrrole, may be condensed with 4- 
vinylpyridine in 93% yield if sodium metal instead 
of an acid is used as the catalyst. 

Based on previous work4p5 there is little doubt 
that the products obtained from the reactions of 
4-vinylpyridine with amines are derivatives of 
4-(?-aminoethyl)-pyridine, i . e . ,  I-C:,HSCH,CH? 
NH?. However, to settle this point definitely the 
structures of two of the products, is., the adducts 


