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a and b rather than c or e, strengt,hening the deductions 
presented above for the predominance of forms I Ia  and b. 

It is intended to make further detailed spectroscopic 
studies of these and closely related compounds in order 
to understand the conformational differences more 
fully. 

Experimental 
Solutions of I1 and I11 in CDCla were obtained by hydrolysis 

of the acetals, (Et0)zCH .CH2CH(OEt)2 and CHsCOCH(OMe)2, 
respectively, with an equal volume of dilute aqueous hydrochloric 
acid, followed by extraction with CDCls. The trans-8-ethoxy- 
acrolein is obtained in small amount as a by-product of the hy- 
drolysis of malondialdehyde tetraethyl acetal" and is prefer- 

(17) L. A. Yanovakaya and V. F. Kucherov, Izu. Akod. N o u k S S S R ,  Otd. 
Kh im.  Nouk, 667 (1962). 

entially extracted by the CDCla. A single n.m.r. tube was 
thus used to obtain the spectra of I1 and IV. This tube 
also contained a little ethanol, water, hydrochloric acid, and the 
original acetal. Similarly the CDCl3 solution of I11 contained a 
little methanol, water, HC1, and the original acetal. In this 
cme a small amount of the keto form (acetylacetaldehyde) could 
be detected. In both solutions only a single peak was observed 
for the protons of the water and hydrochloric acid together with 
the hydroxylic protons of the alcohol and the enol. 
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The dehydration of 17~ethyl-19-nortestosterone with pyridine hydrohalides yields two crystalline products, 
17a-ethyl-17-methylgona-4,13-dien-3-one and 17a-ethyl-l7-methyl-8[,9[, 13(, 14(-gona-1,3,5( lO)-trien-3-01. The 
latter structure was established by ultraviolet, infrared, and n.m.r. spectra and by dehydrogenation to 3'-ethyl- 
3 '-methyl-l,2-~yclopentanophenanthrene. 

In  the presence of acids, a 17-hydroxy-17-alkyl steroid 
undergoes dehydration with concomittant migration of 
the angular methyl group (I to 11). The resulting 
double bond has been shown to be a t  C-13 and C-14,' 
but, where there is additional unsaturation in the mole- 
cule, the double bond may migrate further to become 
part of an extended conjugated system. Thus, Kauf- 
mann found that treatment of 17P-hydroxy-17-methyl- 
androsta-l14,6-trien-3-one with p-toluenesulfonic acid in 
acetic anhydride affords 1 , 17, 17-trimethyl-13EJ 1 4 5  
gona-1,3,5(10) ,6,8-pentaen-3-01 acetate. 

As part of a study on the dehydration-rearrangement 
of the steroids carried out in these lab~rator ies ,~ we 
found that treatment of 17a-ethyl-19-nortestosterone 
(111)4 or the enol ether, 17a-ethyl-3-methoxyestra-2,5- 
(lO)-dien-17-01 (IV) ,4  with either pyridine hydrochlo- 
ride or pyridine hydrobromide at  230-240' affords 17a- 
ethyl-17-methylgona-4,13-dien-3-one (V) , a product 
which previously had been obtained from I11 with hy- 
drogen chloride in acetic acid.5 Besides V, we ob- 
tained yet another crystalline product, m.p. 152-153.5", 
[ a ] ~  - 17", Amax 279.5 mp ( E  2220) and 286 mp ( E  21OO), 
from the reaction of either 111 or IV with the pyridine 
hydro halide. 

(1) V. Tortorella, G. Lucente, and A. Romeo, Ann.  chim. (Rome), 60, 

(2) S. Kaufmann, J. 078. Chem., 38, 1390 (1963). 
(3) L. J. Chinn and R. M. Dodson, ibid., 34, 879 (1959); C. G. Bergstrom 

and R. M. Dodson, Chem. Ind .  (London), 1530 (1961); W. F. Johns, J .  
O w .  Chem., 38, 4583 (1961); L. J. Chinn, ibid., 37, 2703 (1962); J. S. lhfihina, 
ibid., 37, 2807 (1962); W. F. Johns and G. P. Mueller, ibid., 38, 1854 
(1963). 
(4) F. B. Colton, L. N. Nysted, B. Riegel, and A. L Raymond, J .  A m .  

Chem. Soc., 79, 1123 (1957). 
(5) E. Caapi and D. M. Piatak. Con.  J. Chem., 41, 2294 (1963); see also 

R. Kirdani, R. I. Dorfman, and W. R. Nes, Stemide, 1, 219 (1963). 

1198 (1960). 

The formation of this product, to which we assign the 
17 a-ethyl-l7-methyl-8~,9[, 1311 14l-gona- 1,3,5( 10) - trien- 
3-01 structure (VIa) is analogous to the transformation 
observed by Kaufmann.2 The double bond that is gen- 
erated by the removal of the hydroxyl group a t  C-17 
migrates into conjugation with the unsaturated car- 
bonyl group in ring A. Enolization then results in the 
aromatization of this ring. The presence of the phe- 
nolic hydroxyl group in VIa is supported by spectro- 
scopic evidence and is confirmed by the formation of 
the methyl ether, VIb. 

The n.m.r. spectra of both VIa and VIb show a signal 
a t  57.5 c.P.s., which we attribute to the methyl group 
a t  C-17, as well as a pair of signals a t  ca. 51.5 and 48.5 
C.P.S. Because the latter signals could not be unam- 
biguously assigned to the methyl portion of the ethyl 
side chain, the possibility that the product was a D- 
homo steroid containing a pair of methyl group had to 
be considered. 

In  order to determine the size of ring D, VIa was 
dehydrogenated with palladium on charcoal between 
210 and 285°.2 In the process, elimination of the hy- 
droxyl group also occurred, and 3'-ethyl-3'-methyl-1,2- 
cyclopentanophenanthrene (VII) , m.p. 97-98.5", [ a ] ~  
-28.5, was obtained. The physical constants of this 
substance and. the melting point of its trinitrobenzene 
complex are essentially identical with those of a product 
isolated from the selenium dehydrogenation of 3p- 
acetoxypregn-5-en-20-one1 for which VI1 has been pro- 
posed as its most likely structure.6 

The infrared and n.m.r. spectra of our sample of VI1 
unequivocally establish its identity with that obtained 

(6) M. 5. Bharucha. E. Weiaa, and T. Reiohstein, Helo .  Chzm. Acto. 
46, 103 (1962). 
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by Reichstein and his associates.6 As they noted, the 
methyl group of VI1 appears as a singlet in the n.m.r. 
spectrum while the methyl portion of the ethyl side 
chain gives rise to a triplet with a coupling constant of 
ca. 7 C.P.S. The dehydrogenation experiment clearly 
lndicates that enlargement of ring D had not occurred 
during the dehydration-rearrangement of I11 or IV to 
give the aromatic product isolated and that the latter, 
Indeed, has the structure formulated as VIa.' 

Experimental* 
17a-Ethyl-17-methylgona-4,13-dien-3-one (V)s and 17a-Eth- 

yl- 17-methyl-8[,9E,135, 14E-gona-l,3,5( lO)-trien-j-ol (VIa). A .  
With Pyridine Hydrochloride.-A mixture of 485 g. (3.1 moles) of 
pyridine hydrochloride and 100 g. (0.33 mole) of 17a-ethyl-19- 
nortestosterone (111)' was maintained at 240" in an atmosphere 
of nitrogen for 1.5 hr. The cooled reaction mixture was extracted 
with ether. The combined ether extracts were successively 
washed with water, dried over anhydrous sodium sulfate, and 
distilled to dryness under reduced pressure. The residue was 
dissolved in hexane and chromatographed on silica gel. The 

(7) The ethyl group of VIa is assigned the a-configuration on the basis 
that the C-17 carbonium ion derived from I11 undergoes a Wagner-Meer- 
wein rearrangement in which the angular methyl group migrates from the 
13- to the 17@-position [e/. K. Heusler and A. Wettstein, Be?. 87, 1301 
(1954); H. L. Herrog, C. V. Joyner, M .  J. Gentles, M .  T. Hughes, E. P. 
Oliveto, E. B. Hershberg, and D. H. R. Barton, J .  Ow. Chem., 99, 1413 
(1957) I .  The subsequent step may involve successive, discrete carbonium 
ions a t  C-14, -8, and -9, which would lead to rings C and D of VIS being 
fused cis.2 Alternatively, i t  may proceed by s concerted mechanism, in 
which case VIa then would have the 8@,Sa,l4@,13a-configuration [e/. A. 
Eschenmoser, L. Ruzicka, 0. Jeger, and D. Arigoni, Helu. Chim. Acta, 88, 
1890 (1955)l. The data are insufficient to permit assignment of configura- 
tion with any degree of certainty to the ring junctions of VIa a t  this time. 

(8) Melting points are corrected. Optical rotations were determined in 
CHCla at a concentration of 1%. N.ni.r. signals are reported as downfield 
with reference to internal tetramethylsilane at 60 Mc/sec. as determined 
in.CDClaon a Varian A-60 instrument. 

column was eluted with varying proportions of hexane, benzene, 
and ethyl acetate. Elution with 50% benzene in hexane gave 
17a-ethyl-l7-methyl-8E,9€,13E,14E-gona- 1,3,5(10) - trien -3-01 
(VIa), which crystallized from hexane a~ colorless plates: yield 
8.0 g. (8%) ;  m.p. 152-153.5'; [ ~ ] Z ' D  -17'; %:::;"" 279.5 mp 
(e 2220) and 286 mp (e 2100); XKBr 3.07, 6.22, and 6.32 p ;  n.m.r. 
435.5, 427.5, 400.5, 392.5, 293 (disappeared when D 2 0  was 
added), 57.5, 51.5, and 48.5 C.P.S. 

Anal. Calcd. for CzoH280: C, 84.45; H, 9.92. Found: 
C, 84.42; H, 9.73. 

Further elution of the column with 27, ethyl acetate in benzene 
afforded 17a-ethyl-l7-methylgona-4,13-dien-3-one (V),5 which 
was crystallized from hexane! yield 25.2 g. (25%); m.p. 82- 
84'; [aIzan -31.5'; 237.5 mp (E 15,800); lit.6 m.p. 83- 
85", A,, 250 mpQ (e 16,800). 

B. With Pyridine Hydrobromide .-Comparable yields of 
V and VIa were obtained when pyridine hydrobromide was used 
instead of pyridine hydrochloride. 

C.  From 17~-Ethyl-3-methoxyestra-2,5(10)-dien-17-01.-A 
mixture of 22 g. (0.07 mole) of 17a-ethyl-3-methoxyestra-2,5( 10)- 
dien-17-01 (IV)' and 100 g. (0.87 mole) of pyridine hydrochloride 
was maintained at 230-235" in an atmosphere of nitrogen for 
1.5 hr. The cooled reaction mixture was worked up as before 
to .yield 1.1 g. (5%) of 17~u-ethyl-17-methyl-8[,9[,13~,14~-gona- 
1,3,5(1O)-trien-3-01 (VIa), m.p. 153.3-154", and 8.0 g. (36%) of 
17a-ethyl-17-methylgona-4,13-dien-3-one (V),  m.p. 83-84'. 

17a-Ethyl-l7-methyl-8[,9(, 13$,14E-gona-1,3,5( lO)-trien-3-ol-3- 
Methyl Ether (VIb).-To a solution of 0.211 g. of 17a-ethyl-17- 
methyl-8E,QE,13E,l4[-gona-1,3,5( lO)-trien-3-01 (VIa) in 5 ml. of 
methanol, stirred at room temperature, was added 2 ml. of an 
aqueous methanolic solution of potassium hydroxide prepared 
from 2 g. of 85% potassium hydroxide pellets, 5 ml. of methanol, 
and 2 ml. of water. Then 3 ml. of dimethyl sulfate and the rest 
of the above aqueous methanolic solution of potassium hydroxide 
were added portionwise and alternately to the solution of VIa 
over a period of 10 min. After 0.19 g. of solid potassium hy- 
droxide was added, the reaction mixture was stirred a t  room 
temperature for an additional 0.5 hr. The reaction mixture 
was diluted with water and extracted with ether. The combined 
ether extracts were washed successively with water and a saturated 
solution of sodium chloride, dried over anhydrous sodium su'fate, 
and distilled to dryness under reduced pressure. Thin layer 
chromatography revealed that the residual, viscous, colorless 
oil contained only a trace of starting material, VIa, and that the 
only other product prevent was one which was considerably less 
polar than VIa. Trituration of the oil with methanol gave 0.200 
g. of a colorless crystalline product, m.p. ca. 30-56". After 
several crystallizations from ether-methanol, the methyl ether 
VIb was obtained as colorless prisms: m.p. 71-72'; [ C Y ] ~ ~ D  -20.5'; 
A:::" 277 mp (E 2000) and 287 mp (e 1880); AKBr 6.21 and 6.36 ~r 
(OH band was absent); n.m.r. 437, 428.5, 404, 397, 225.5, 
57.5, 51, and 48.5 C.P.S. An analytical sample of VIb was 
evaporatively distilled a t  125-135' (0.1 mm.). 

Anal. Calcd. for CZIHI~O: C, 84.51; H, 10.13. Found: 
C, 84.37; H, 10.14. 

Dehydrogenation2 of 17a-Ethyl- 17-methyl-86,96, 13E, 14E-gona- 
1,3,5( lO)-trien-j-ol (Via).-An intimate mixture of 0.285 g. of 
VIa and 0.285 g. of 5% palladium on charcoal was maintained 
at  210 to 285" for 4.5 hr. The cooled reaction mixture was 
extracted with ethyl acetate. The combined ethyl acetate 
extracts were evaporated to dryness to afford 0.191 g. (73.5%) of 
3'-ethyl-3'-methyl-l,2-~yclopentanophenanthrene ( VII),8 m.p. 
90.5-94'. Vapor phase chromatography indicated that the 
sample was 97% pure. Two crystallizations from ether-meth- 
anol gave VI1 as colorless plates: m.p. 97-98.5'; [ a I 2 6 ~  -28.5'; 
Amsx MeOH 223 mp (sh) (E 29,900), 252 (sh) ( E  52,700), 257.5-258 
( e  65,000), 278.5-279 ( e  15,000), 286 (E 12,000), 298 ( e  14,300), 
319 (e 780), 334 ( e  780); Amin  230.5-231 mp (e 8560), 274-274.5 
(e 12,900), 284.5 (e 10,500), 293.5-294 (e 6220), ca. 330 (e 625); 
Xes* 3.25, 3.37, 5.20, ca. 5.65, 7.23, 7.90, 8.36, 8.81, 9.67, 9.92, 
10.57, 11.57, 12.23, ca. 13.30, 13.88, and 14.37 p ;  n.m.r. 135.5, 
128.5, 122, 115 (quartet for CHZ-CHI), 79.5 (CHa), and 57.5, 
51, 43 (triplet for CH2-CHs) c.p.s.; 1it.O m.p. 94-96', [a]% 
-28' (cyclohexane). 

Anal. Calcd. for CzoHlo: C, 92.26; H, 7.29. Found: C, 
92.06; H, 7.58. 

3'-Ethyl-3'-methyl-l,2-cyclopentanophenathrene Trinitro- 

(9) This figure, undoubtedly, is a misprint as simple 3-keto ALsteroids 
do not absorb significantly beyond 240 mp. 



JANUARY 1965 NEW SYNTHESIS OF THIABENDAZOLE 259 

benzene-To a warm solution of 0.040 g. of VI1 in 2 ml. of 
9570 ethanol was added a warm solution of 0.040 g. of 1,3,5- 
trinitrobenzene in 2 ml. of 95% ethanol. The reaction mixture 
was allowed to stand at room temperature for 0.5 hr. The yellow 
crystalline product was collected and dried: yield 0.050 g.  

(68.5%); m.p. 162-162.5'. Crystallization from 95% ethanol 
gave the trinitrobenzene complex of VI1 as yellow stout needles. 
m.p. 162.5-163', [ a ] " D  -15O, ke m.p. 158-163. 

Anal. Calcd. for C ~ ~ H ~ N Z O ~ :  C, 65.95: H, 4.90: N ,  8.88. 
Found: C, 66.12; H, 5.04; N ,  8.54. 

-~ 

Novel Preparation of Benzimidazoles from 
N-Arylamidines. New Synthesis of Thiabendazole1 
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A new, efficient procedure for the conversion of N-arylamidines with hypochlorite and base to benzimidazoles 
has been devised. Using this technique] a new synthesis of thiabendazole has been realized. 

Because of the increasing importance of benzimid- 
azoles in recent chemical literature,2 we felt that a 
simpler approach to the synthesis of these heterocy- 
clics other than that described by Brown, et aiel2 would 
be of great value. The procedure for preparing benzi- 
midazoles usually involves the condensation of o- 
phenylenediamine or o-nitroaniline with a carboxylic 
acid d e r i ~ a t i v e . ~  In each case, the cyclization directly 
involves a coupling at  the o-phenylene nitrogens. 

Since N-arylamidines are available4 by the reaction 
of an aromatic amine with a nitrile or imidate, it ap- 
peared that substituted amidines I were potential pre- 
cursors for benzimidazoles if they could be induced to 
cyclize by some oxidative process. A previous method5 
for the conversion of some amidines to benzimidazoles 
required the preparation of N-hydroxyamidines from 
amidines and hydroxylamine with the subsequent 
benzimidazole formation after treatment with benzene- 
sulfonyl chloride and pyridine. 

It was found that the N-arylamidine hydrochlorides 
I could, indeed, be transformed to benzimidazoles with 1 
mole of sodium hypochlorite and base in excellent 
yields under mild conditions. The N-chloroamidine I1 

11 

b, R -  phenyl 
C, R = CzJ& 

(1) United States Accepted Nomenclature approved generic name. The 
registered trade-mark of Merck & Co., Inc., for this anthelmintic is Thi- 
henzole@. 

(2) H. D. Brown, A. R. Matzuk, I. R.  Ilves, L. H. Peterson, 9. A. Harris, 
L. H. Sarett. J. R. Egerton, J. J. Yakstis, W. C. Campel. and A. C. Cuckler, 
J. A m .  Chem. Soc., 88, 1764 (1961). 

(3) E. 5. Schipper and A. R.  Day, "Heterocyclic Compounds," Vol. 5, 
R. C. Elderfield, Ed., John Wiley and Sons, Inc., New York, N. Y., 1957, p. 
267. 

(4) R. L. Shriner and F. W. Neumann, Chem. Rev., 86, 351 (1944). 
(5) M. W. Partridge and H.  A. Turner, J .  Chem. Soc., 2086 (1958). 

might be isolated as a discrete intermediate, if desired 
prior to the addition of base. For example, in the prep- 
aration of 2-(4-thiazolyl)benzimidazole (IIIa, generic 
name thiabendazole),' an aqueous methanolic solution 
of N'-phenyl-4-thiazolecarboxamidine hydrochloride 
(Ia) was treated with 1 mole of sodium hypochlorite to 
form the crystalline N-chloroamidine I Ia  which could 
be isolated or processed directly with 1 equiv. of 
base in refluxing aqueous methanol to the benzimidazole 
I I Ia  in 98% yield. The benzimidazole formation could 
be followed by the disappearance of the positive halogen 
with potassium iodide-starch paper. 

In  a similar manner, N-phenylbenzamidine6 (Ib) and 
N-phenylpropionamidines (IC) yielded 2-phenylbenzi- 
midazole (IIIb, 94% yield) and 2-ethylbenzimidazole' 
(IIIc, 70% yield), respectively. 

In  order to extend our oxidative cyclization process 
to the preparation of azabenzimidazoles, we synthesized 
N- (2-pyridyl) benzamidine* (IV) and N '- (3-pyridyl) -4- 
thiazolecarboxamidine ( V I ) .  The amidines IV and VI 

IV V 

VI JX 
Jcoj.' 

VI1 

were converted as hydrochlorides to their N-chloro- 
amidines, respectively, and cyclized upon treatment 
with caustic. It is interesting to note that in the case of 
N-(Ppyridyl) benzamidine (IV) cyclization occurred 
a t  the pyridine nitrogen to produce 2-phenyl-] ,3,3a-tri- 

(6) R. Scholl and E. Bertsch, Monatsh, SO, 238 (1918). 
(7) E. L. Hollies, Jr., and E. C. Wagner, J. Ow. Cham., 9, 31 (1944). 
(8) P. Oxley, M. W. Partridge, and W. F. Short, J .  Chem. Soc., 1110 

(1947). 


