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5.05 (d,  I ,  ,J = 5 IIa, 1-14), 2.26 (s, 3, CI-13CO), 1.46 and 1.3F 

S , i , 6 4 .  Found: C, 57.84; 11, 4.90; N ,  X.38; S, 9.74. 
N-Acetyl-3-phthalimido-4-(2'-keto- 1 '-propylthio )azetidin-2-one 

(7).-A suspension of 60 nig of 6a in 1 ml of acetic anhydridc 
and 0.5 ml of pyridine was stirred a t  52" for IO hr. The resrilt- 
ing light-brown solution wi~s c:oncentrnted itt 0.5 inni to an oil 
which was chromatograplied on  1.5 g of Florisil. After the 
column was washed with 125 ml of methylene chloride, thc 
product was clutod with 250 nil of ! I :  I methylene chloride- 
ethyl acetate. Evaporation of the solvents left an oil which 
crystallized from methylene chloride-hexane to  give 30 mg (44lX) 
of de1ic:tte crystals: mp IX1-182D; [ a ] %  -77" ( c  1.1,  CI1Cl:l); 
ir 1800, 1775, 1720 ern-'; nmr 6 7.9 (ni, 4, aryl), 5.73 and 5.45 
(two d ,  2, J = (i I I z ,  1-14 arid 1-1-4), 3.73 (AB qriartet., 2 ,  J = 
16 Hz, CI-Iz), 2..50 (s, 3 ,  N.ic), 2.23 (s, 3, C h ) .  

Anal. Calcd for C1GI-IiaN20sS: C, 55.48; If, 4.07; N ,  8.08; 
9, 9.25. 

2,2-Dimethyl-3-methoxy-6-phthalimidopenam ( sa)  .--.4 solu- 
tion of 2h0 wig (0.7 mniol) of 3 and 1!)0 mg (0 .7 inniol) of incr.  
curic chloride in I2 ml of methanol was stirred at  52" for 16 hr. 
Evaporation of thc solvent left an oily residue which was trit- 
urated with benzene. The benzene extracts were concentrrtted 
to an oil which wits chromatographed on 20 g of Florisil. The  
column was washed with 650 in1 of methylene chloride, and the 
product was eluted with ! I :  1 inethylene chloride-ethyl acetate. 
Evaporation of the solvents loft, an oil which crystallized f r m i  
ethyl iicetate-hexane to give 65 mg (287;)  of long needles: mp 
125-128'; [ a l Z 3 ~  215' ( c  1.2, CII(33); ir 1790, 1773, 1720 crn-l; 
nmr 6 7.8 (in, 4, aryl), 6.60 and 5.40 (two d ,  2 ,  J = 4.0 IIz, If-5 
and 11-6), 4.!)7 (s, 1, 13-3), 3.52 (5, 3, OCII,), 1.64 :ind 1.54 [twos, 

Anal. Calcd for C181110T\'204S: c, 57.81; 11, 4.83; 3, 8.42; 
S, 9.64. 
3-Methyl-3-methoxy-6-phthalimidopenam (9b).-In the s:me 

manner as for Qa, Ihc oil from 144 mg (0.47 mmol) of 6a and 129 
mg (0.47 inniol) of iriercuric: chloride was chromatographed on  
14 g of Florisil. After the column was washed wit.h 125 in1 of 
methylene chloride, the product, began to elute. Thc solvent 

Found: C, 35.29; 11, 3.!)2; K, 7.98; S,  !).12. 

6 ,  (CI.I3)21 . 
Found: C ,  58.00; €1, 4.90; E, 8.40; S, 9.80. 

. 

was changed to 9 :  1 methylene chloride-ethyl acetate, arid 
evaporation left ii crystalline solid. I~ecryst.allizatic)n froni 
ethyl acetate-hexane gave [iO mg (40(5) of ncedles: mp 170- 
172'; [ a ] %  149' (c O,!)l, C1lC1:j); ir 1785, 1770, and 1720 cm-l; 
rimr 6 7.9  ( i n ,  4 ,  aryl), .i.fjg and .5 .M (two d ,  2, J = 4 I I z ,  1.1-5 
and 11-E), 3.41 (A13 quartet, 2, J = IO.,? I l x ,  CI-Ig), :j.:Hj (s, : j ,  

.. .. - . , ,  

S, 10.07. 
2,3-Dimethyl-3-niethoxy-6-phthalimidopenam (9c).-In the 

same inanner as for 9a, the oil from 134 nig (0.42 inmol) of 6b 
and 11.5 mg (0.42 niniol) of mercuric chloride was chromato- 
graphed on 13 g of 1~'lorid. After the column w:is washed with 
1 IO nil of methylene chloride, the product began to elute. The 
solvent w:is changed l o  !): 1 inethylene chloride-ethyl iicaelate, 
and t h e  product \v:is obtained as a n  oil which crystallized froni 
ethyl ncetnte-hexane to give 23 nig (16%) of needles: nip 130- 
131'; 191" ( c  1.1, CIICl3); ir 1785, 1770, and I720 
nmr 6 7 . 8  (in, 4, aryl), and 5.25  ( two d ,  2 ,  J = 4 l I z ,  I f 4  
and H-fi), 4.06 ( q ,  1, J = 7 IIz, H-2), 3.36 (s, 3, OCII2), 1 . X 3  (s, 

Found: C, .5(i.2!); f 1 ,  4.:;4; Ii, 8.57; S ,  10.81. 

3, C3 CHa), 1.32 (d, 3 ,  cJ = 7 IIz, C2 CIIa). 
A ? L u / .  Calcd for Cir,HiaNzO,S: C, 57.81; IJ, 4.85; N ,  X.42; 

S, O.fj4. Poiind: C, 57.55; 1-1, 4.X;; N ,  X.17; S, !J.77, 
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Benzimidazoles from Preformed Imidazoles. A Novel Approach 
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Renziniidazole derivatives Sa-e are prepared in ti two-step procedure by successive reactions of readily available 
imidazo1o.i-carboxaldehydes with reagents BrlIgCHItCI12CHOCIIzC:H20 (R = I ,  CH,) and cyclization of thc 

resulting carbinols 3a-e under controlled conditions. Alcohol A ~ C I ~ O H C I - I Z C ~ ~ I ~ C I I O C ~ ~ ~ C I I ~ O  (Ar = I-benzyl- 

2-methyl-5-imidazolyl) has been oxidized (lInO2) to  the ketone; addition of Grignard reagents thereto anti ring 
closure of the new (!ai tinols to caompounds 9 and 10 illustriztea a gencral preparation of 7-substitrited benzimid- 
axoles. 

Benzimidazolcs arc traditionally synthcsizrd by 
ultimato construct'ion of the imidazolc moictt)., \vh(trc>b). 
the prcroquisitc. o-ph(:ri!.lcric~diamincs arc: cyclizod 
with carboxylic acids and/or d(1rivat ivw thoreof. An 
altcrnativc asscmbl~., commmcing with prrformcd and 
suitahly functionalimd imidazolcs, has, to tlic best 
of our lmon-lcdgtt, hitherto cwapc!d attcntion. Such 
an approach is 1ic:rc:ivit'h illustrated. I t  is, by its 
natur(', comp1ornc:ntarJ. to c>xistirig mctthodw, thorabj. 
alloJving cntry int,o sj.stc,rns othcrivisc found to be 
difficultly acccssibltt. 

In  a rctccnt' rctport conccrning the hydroxymcthJ.la- 
tion of 1 , 2-disubstit ut c d  i midazolt:s, t hct prcpara t ion 
of the imidazolJ.l-:S-mctthanols arid 4,5-dimcthanols 

( 1 )  E. F. Godefroi, 11. J. J. Loozen, and J. Th. ,J. Luderer-Platje. Reel .  
7'rau. Chim. Pays-Bas,  91, 1383 (1972). 

\vas dcscribcd. The> rcaction, carrictd out in  rcdux- 
irig aqucwus CHZO, prowd to be pH scnsitivc> and pro- 
ducod satisfactory rcsiilts only in buffcrod (SaOAc- 
hcOH) miliou. Subsoqucnt oxidation [ l'b(OAc).l I of 
th r  products to the  aldchydcs proccdod clcanly, thus 
providing an efficiont arid cheap two-step routc to 
m a q .  imidnzolc-5-carboxald(~~iyd(~s. 

Grigriard rcagmtw la and l b  h ~ v ( ' ,  .sinct> 1069, 
found application i n  thc s\.nthcsis of ( =t)-nucifcra12 

RrMgCHRCH,C6°] '0 

la. R = H 
b, R = CH,, 

(2) G. BUchiand 11. \vuest, J. Oru. C h e m . ,  34, 1122 (1069). 
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arid in n grncral prcparation of bcnzo [b]thiophcncs.3 
In thc prcscnt work, l a  \vas allowcd to react with 
imidaizol(~-;i-carboxaldehydes Za-dl in tvtrahydrofu- 
ran, furnishing in good yields alcohols 3a-d; similar 
trcatmcrit of 2b with l b  gavv 3e. Compound 3c 
was choscn as a protoypct in establishing conditions 
rrquircd for bonzimidazolc formation. Refluxing of 
3c in 10% H2SOi rcsult'ed in removal of the acetal 
group, thcrcby furnishing hemiacetal 4c. This is 
not surprising. Whereas these condit'ions had brcn 
cffectivt: in bringing about ring closure in relatod thio- 
phcnct systems,3 such pronounced acidic circumstances 

n 
R 

R Y S '  
HO R 

I 
R' 

will protonate thc more basic imidazolcq, thus inac- 
tivating them toward electrophilic processes. Trcat- 
mcnt, hohj ever, of 3a-e n it11 refluxing NaOXc-;icOH 
buff cr wlution did produce b(.nzimidazolcs 5a--e. 
Such conditions also sufficcld for converting 4c to 5c 
(Schcmci I) .  

SCHEMI': I 
n 
I I 

C;H; 
2a-d 3a-e 
101 H2S0, / 
R = H;  R' = i.Pr/.- I .qurousAcOH 

N a O A c  / 
aqueous A c O H  I II 'PI 

C;H; 
4c 5a-e 

a ,R  = H;  R' = CH, 
b,R = H: R' = C2H, 
C, R = H;  R' = i-C,H? 
d. R = H; R '  = t-C4Hg 
e . R  = CH,; R '  = C,H,; C,H, = benzyl 

Thc method also proved to br  of value in preparing 
7-substituted bcnzimidazolcs, as the following examples 
indicatc. Oxidation (RInO2-CHCI3) of alcohols 3a 
and 3c produced kctoncs 6a and 6b. Of thttso, 6a 
was treated with methyl- and isopropylmagnesium 
halides; thc resulting tertiar). alcohols (7a and sa) 
cyclized smoothly and providcd benzimidaeolcs 9 
and 10. 

IZclatcd reactions w r c  found to bc of  particular 
valuc in gaining entry into di- and tatrahydrobcnzim- 
idazolcs. To this end kctoncs 6a arid 6b iverr reduced 
undcr Wolff--.Iiishner condit,ions to mcthylttnc dcriva- 
tives l l a  and Ilb.  Cyclizations wort, in both casw, 
conducted in refluxing SaOAc-AcOH buffer (15 hr),  
whereby tctrahydro-4-hydroxybcnzimidazolcs 12a and 

(3) 1-1. J. J .  Loozen and E. F. Godefroi, J .  Org .  Chem., 38, 1066 (1973) 

6a,R' = CH,; Z = 0 

7a,R' = CH,; Z = (CH,)(OH) 
8a, R' = CH,; Z = (i-C,H,)(OH) 

b,R'  = i -C3H7:  Z 0 

l l a , R '  = CH,; Z = (H)(H) 
b ,R '  = i-C,H;; Z = (H)(H) 

I I  
R" C;H, 

9,R" = CH, 
10.R" = i-C,H,; C7H, = benzyl 

12b w r e  produced in moderate yields. Moreover, 
from the rcaction mixture arising from l l a  a second 
component was isolated by column chromatography. 
Ymr spectra (see Experimcntal Section) and analytical 
dat,a left no doubt as to its being 13. Utilization of 

OH 
I 

C,H, 
12a, R = C H ,  

b. R'=i-CiH; 

C;H, 
13 

this approach into partially hydrogenated benzimida- 
zoles is presently undw investigation. 

Experimental Section 
General.-Melting points were determined on a Fisher-Johns 

block and are imcorrected. Xmr spectra (Varian A-BO, TIIS 
as internal standard) and ir data (Perkin Elmer 337) were con- 
sistent with assigned structures. hIicroanalyses were per- 
formed by hlessrs. P. van den Bosch and H. Eding from our 
laboratories. 

Starting Materials.-Grignard reagents l a ,  l b ,  and imidazole- 
5-carboxaldehydes 2a-c were prepared as reported .l Aldehyde 
2d was obtained analogously (a) from 1-benzyl-2-terl-butyl- 
imidazole1 to the 6-hydroxymethyl derivative (aqueous CHzO, 
AcOH, NaOAc; l t t h r  reflux; 47c/c), mp [EtOH-(i-Pr)~01 183- 
184'; (b) from oxidation [Pb(OA~)~-pyridine] of the carbinol 
to 2d (43%), mp [CHClI-(i-Pr)20] 181-182", rimr (C1)chj 6 
9.28 (s, 1, CIIO). 

All benzimidazoles and their open-chained precursors have 
been compiled in Tables I and 11, respectively. Experimental 
details for preparing 3b and 5b are given. 

1-( 1,3-Dioxolan-Z-y1)-3- hydroxy-3 ( l-benzyl-2-ethylimidazol-5- 
y1)propane (3b).-To a TIlF solution of l a ,  prepared from 5.0 
g (0.026: mol) of the bromide* and 0.85 g (0.026 g-atom) of hIg 
was introduced slowly and with stirring at 30-33' 4.0 g (0.019 
mol) of 2b in 10 ml of T H F .  After 3 hr the mixture was poured 
onto 10%) NI14C1 solution. Extraction of the product into 
CHC13 and washing, drying, and stripping of solvent left a vis- 
cous oil which crystallized an addition of (i-Pr)pO: yield 4.1 
g (8.5Ljh); mp [ElOH-(i-Pr),G] 88-89'; niiir (CDCh) 6' 4.38 
( t ,  1, CHOH). 
1-Benzyl-2-ethylbenzimidazole (5b).-Compound 3b, 2.0 g 

(0.006 mol), in a solution of ti ml of AcOH, 8 g of NaOAc, and 
50 ml of H20, was refluxed for 1G hr. The solution was rendered 
basic (SaOH)  and the product was extracted into CHCL. 
Ihying and solvent removal left 1.1 g (70%) of essentially pure, 
oily product: nmr (CDCI,) 6 1.30 ( t ,  3,  CHI), 2.70 (q,  2 ,  



BENZIMIDAZOLES FRON INIUAZOLES 

TABLE I 

R" C,Hi 
Empirical 

Compd % Alp, "C Derivative Mp, 'C formula' 

R PikR/ 
5 a ~  77 Picrate 18d-189 CiJHi4Nz 
5bd 70 Picrate 178-180 Ci6HldNZ 

5c 92 Picrate 177-178 C17HisNz 

5e 94 Picrate 208-209 C1;ITI8N~ 
9 75 68-72 Picrate 218-219 CI~HIGNZ 

Yields are based on crude product of more than 95% purity 
(nmr). Crude product chromatographed over silica. c N. S. 
Koslov arid 31. N. Stepanova, Dokl. Akad. ,Vauk Beloruss. SSR, 
B(6),  541 (1969); Chem. Abstr., 71, 124337a (1969). d K .  Kon- 
dal Reddy, N. V. Subba Rao, and C. V. Ratna, Indian J. Chem., 
1,96  (1963). e Satisfactory analytical data ( i 0 . 4 7 ;  for C, H, N )  
were reported for all new compounds in the table. 

5d* 33 163-165 CisllnoNz 

10 62 128-129 Cl8HzoNz 

CH2CI.13), 5.08 (s, 2, CH2C8H:,), 7.32 (m, 1, 11-4 proton), 6.62- 
7.20 (in, 8, remaining aromatic protons). 

4-Hydroxy-4-( 1-benzyl-2-isopropylimidazol-5. y1)butyraldehyde 
(as Hemiacetal 4c).-.4 solution of 1.0 g (0.003 mol) of 3c in 10 
ml of 10% H2S04 was refluxed for 40 min. The  solution was 
rendered alkaline and was extracted with CHCl,. Ihying, 
solvent evaporation, and trituration of the residual oil with (i- 
Pr)20 gave 0.650 g of product: nip 138-139'; ir (KBr) 3000- 
3500 em-' (OH) ,  no C=O absorption. 

A d .  Calcd for Cl7II22N202: C, 71.60; H, 7.69; N, 9.79. 
Found: 

Refluxing of 0.5 g of 4c in a buffer consisting of 2 g of NaOAc, 
2 rnl of AcOll, and 15 ml of H2O and isolation of the product as 
for 5b gave 0.3 g of an oil, spectrally (nmr) indentical with 5c. 

1-( 1,3-Dioxolan-2-yl)-3-oxo-3-( l-benzyl-2-methylimidazole-5- 
y1)propane (6a).--A mixture of 32 g (0.11 mol) of Ja, 150 g of 
activated hInO2,4 and 300 ml of C6HS was stirred and monitored 
(tlc) for 24 hr. Removal of Mn02 and solvent evaporation left 
26 g (81%) of essentially pure, oily 6a: nrnr (C1)Ch) 6 2.30 
(s, 3, CHI), 3.74 (m, 4,  dioxolarie protons), 5.47 (s, 2,  CHZ- 
CsNj), 7.62 (s, 1 ,  imidazole, 4 11); ir (Nujol) 1683 cm-l (C=O), 
no OH absorption. 

Compound 6b, the isopropyl analog of 6a, was prepared anal- 
ogously. The  ketone, an oil, was characterized via the oxime, 
rnp 184-185'. 

A 7 d .  Calcd for C19H26N303: C, 66.45; H,  7.34; N, 12.24. 
Found: C, 66.45; 11, 7.42; N, 12.49. 

1-( 1,3-Dioxolan-2-yl)-3-hydroxy-J-( 1-benzyl-2-methylimidazol- 
5-y1)butane (7a).--l)ropwise addition of 6.0 g (0.02 mol) of 
crude 6a t o  20 tnl of 1 A!l SIeSlgI in EtzO and customary work-up 
of the mixture after 2 hr with 10% N€I,Cl afforded an oil. This 
was triturated with (i-Pr)20 to  give 3.2 g (51%) of 7a, mp 115- 
118". 

1-( 1,3-Dioxolan-2-y1)-3-( l-benzyl-2-methylimidazol-5-yl)pro- 
pane (l la).-To a solution of 20 g (0.0W3 mol) of 6a in 150 ml of 
diethylene glycol was added 1.5 g of powered KOH and 10 ml of 
N2&.1&0. The mixture was refluxed for 1 hr,  whereupon sol- 
vent was removed until the internal temperature had reached 
200'. Hereupon heating was continued for an additional 5 hr. 
The reaction was quenched by addition to water from which the 
product was isolated by ether extraction. Drying and solvent 
removal then left crude, oily product, which, on distillation gave 
13.2 g (700/~) of product: bp 170-180" (0.02 mm); nmr (CD- 
C13) 6 2.28 (s, 3,  CIII) ,  3.03 (ni, 4,  dioxolarie protons), 5.01 (s, 2,  

C, 71.33; II,  7.68; N ,  9.59. 

(4) M. Harfenist, A .  Uavley, and W. A. Lazier, J. Ow. Chem., 19, 1608 
(1954). 

J 

Compd 

3a 
3b 
3c 
3d 
3e 
7a 
8ab 
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TABLE I1 

Yield,= Lib 
66 
86 
68 
79 
80 
51 
61 

hfp, oc 
108-110 
88-89 
90-91 

138-140 
197-99 
118-120 
159-161 

Q Yields based on crude, triturated (i-Pr2O) products of more 
than 95% purity (nmr). *Prepared analogously to 7a (see 
ICxpeiimental Section). c Satisfactory analytical data (10.40/,  
for C, 11, N )  were reported for all new compounds in the table. 

CH2C&), 6.74 (s, 1 ,  imidazole 4 H),  6.80-7.40 (m, 5 ,  C6Hs); 
ir no C=O. 

Anal. Calcd for C17H22N202: C, 71.30; H, 7.74; N, 9.78. 
Found: C, 72.19; 1-1, 7.87; N, 10.38. 

Compound l l b ,  bp 180-184" (0.03 mm), was similarly pre- 
pared from 6b. It solidified on standing; analytical material 
[petroleum ether (bp 30-60')l had mp 57-58'. 

Anal. Calcd for C19112~N202: C, 72.38; €1, 8.34; N, 8.91. 
Found: C, 72.48; €1, 8.08; N, 8.83. 

l-Benzyl-2-isopropyl-4-hydroxy-4,5,6,7-tetrahydrobenzimid- 
azole (12b).-A solution of 1.0 g (0.0034 mol) of l l b ,  4 g of 
NaOAc, and 3 ml of AcOH in 20 ml of HzO was refluxed for 12 
hr. The  solution was rendered alkaline and the resulting oil 
was taken up in EtZO. Drying and evaporation of the organic 
phase left an oil, which, on addition of (i-Pr)10 surrendered 0.35 
g (409;) of product: mp (C6H6-petroleuni ether) 147-140'; 
nmr (C13CI3) 6 1.26 (d,  6, U T 3 ) ,  4.41 (s, 1, OH), 5.02 [m, 1, 
CH(OH)], 5.13 (s, 2, CI12Ar). 

Anal. Calcd for Cl7I1~2N2O: C, 75.52; H, 8.20; N, 10.36. 
Found: C, 75.51; 11, 8.16; N, 10.89. 

Reaction of 1 la in Refluxing Aqueous NaOAc-Ac0H.-Treat- 
rnent of 2.0 g (0.0071 mol) of l l a  in a refluxing solution of 8 g of 
NaOAc and 6 ml of AcOH in 40 ml of I120 for 12 hr and work-up 
of the mixture as described for 12b gave 0.42 g (257;) of 12a, nip 

Anal. Calcd for ClJ118N20: C, 74.35; H ,  7.49; N, 11.66. 
Found: 

Column chromatography of the mother liquors of E a ,  using 
2% Me011 in CHC13 as eluent, provided ca. 0.10 g of dihydro- 
benzimidazole 13: nmr (C11C13) 6 2.28 (s, 3,  C&), 4.!G (s, 2,  
C H Z C ~ H ~ ) ,  6.45 (d, 1 ,  olefin H4),  5.56 (m, 1, olefin Hi), 6.90- 

The picrate salt, prepared in the usual way, had mp 148-152'. 
Anal. Calcd for Cl jH~~N~.C6113N307:  C, 55.63; 11, 4.22; 
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Registry No.-Za, 39269-74-4; 2b, 39289-75-5; 2c, 39269- 
79-9; 2d, 41030-00-6; Ja, 41030-01-7; Jb, 41030-02-8; 3c, 41030- 
03-9; Jd, 41030-04-0; 3e, 41030-05-1; 4c, 41030-06-2; Sa, 
5805-83-4; Sa picrate, 24103-24-0; Sb, 23982-79-8; 5b picrate, 
2410T-49-1; 5c, 41030-11-9; 5c picrate, 41030-12-0; 5d, 41030- 
13-1; 5e, 41030-14-2; 5c picrate, 41030-15-3; 6a, 41030-16-4; 
bb, 41030-17-5; 6b oxime, 41030-18-6; 7a, 41030-19-7; 8a, 
41030-20-0; 9, 41030-21-1 ; 9 picrate, 41030-22-2; 10, 41030- 
23-3; l l a ,  41030-24-4; l lb ,  41030-25-5; 12a, 41047-21-6; 12b, 
41030-26-6; 13, 41030-27-7; 13 picrate, 41030-28-8; 1-(1,3- 
dioxolan-2-yl)-2-bromoethane, 18742-02-4. 

165-169". 

C,  74.33; 13, 74.37; N, 11.38. 

7.4; (in, e 5 ,  CoHj). 

E, 15.45. Found: C, 55.44; H, 4.41; N ,  15.44. 


