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~--Renz~l-8-~iieth~l-SJ8-diazabicyclooctane [4.2.1] (Ie). To 
55 g. of !BO,;, formic acid (0.2 mole) in a 500-ml. flask, 60.6 
g. (0.3 mole) of Y-berizyl-3,8-dia7abicyclooctane[3.2.1] 
(V) was added with cooling, followed by 25 g. of formal- 
dehyde 38% (0.3 mole). The mixture was refluxed 15 hr., 
cooled, 60 ml. of concd. hydrochloric acid HC1 was added, 
and the mixture was concentrated zm vacuo. The mixture 
was made alkaline by the addition of 30% sodium hydroxide 
and extracted with three 250-ml. portions of ether. After 
drying over solid potassium hydroxide the combined ex- 
tracts were evaporated and the residue wa8 distilled in 
vacuo; yield 58.6. p. (YOAOj,): b.p. 113-115°/0.6 mm. 

Anal. Calcd. for C'rH,oN,: C, 77.77; H, 9.26; S, 12.96. 
Found: C, 77.70, H, 9.40; N, 12.76. The infrared spectrum 
of the product was identical with that of an authentic Sam- 
ple.' 

8-dleth~l-3,8-diazabic;yclooctnne [3.2.f ] (Ia) wa3 obtained 
in 89.5% yirlcl according to t.he procediire described in the 
preceding paper of this series'; b.p. 193-198"/760 mm. and 
115-11G0/40 mm. The infrared spectrum was identical 
with that of the authentic sample. The dihydrochloride 
and the dipicrate did not depress the melting points of 
authentic samples. 
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The preparation of 3,8-diazahicyclo[3.2.1 ]octane and some of its simple h'-substituted derivatives is described. 

As the ring-system of 3,s-diazabicyclo [3.2.1]- 
ortane (A) is at once related to piperazine and to  
nortropine, hot h progenitors of many compounds 
of physiological import a i m ,  synthesis of A seemed 
likely to  be rewarding. 

x Koi'tiopine 

The route followed in the preparation of A and 
of various simple derivatives is shon-n in Chart, 1 .  
The reac.tiniis used in passiiig from one derivative t>o 
another werv c*hoseii so :IP to minimize :my am- 
tiigiiity as to the nature of thc products. 

The only operut ions involving serious esperi- 
meiit:tl diffivultirs \vcre the csyclizatioiis Iraditig to 
I1  aiid 111. Both of thrse cylizntions are two-step 
reaetioiib! the first stcp presumably following 
wmnd order kiiictivs arid the second step being 
intramolecular. 111 priiiciple, thcrcfore, it would be 
desirable t6 separatc thc strps, awomplishing the 
first in concent ratcd arid the swoiid in highly dilute 
solution. This may t)r feasible> in passing from I1 
to 111 but probably is not in  the formation of I1 

(1) From a thesis submittrd by S 11' Blackmun to the 
School of Graduate dtudv of the Polytechnic Institute of 
Brooklyn in partial fulfillment of the requirements for the 
degree of Doctor of Philosophy, June 1060. 

since here the steps are so similar in rhemical 
nature that no great' difference in rate is to be ex- 
pwt cd * 

The esters of hr---12 pyrrolidina 2,klicarboxylic 
acids (IT). The bromination of adipyl chloride 
followed by reaction with ethanol has been to shown 
give a mixt8ure of isomers.? The higher-meIt>ing 
isomer (m.p., 66') has been shown to be the meso 
form through its relatively facile conversion to the 
anhydride of cis-tetrahydrofuran 2,5-dic.arboxylir. 

The "liquid" isomer, m.p., givcs on 
cdomparahlc treatment mainly polymer, presum- 
ably of trans-tetrahydrofuran 2,.5-dicarbosylit: acid. 
Simple displacmieirts by Waldeti Inversion should 
producle cis c y l i r  compounds from the meso, 
and trans from the d-1 forms. As aside from the 
possibility of  epimerization, only cis forms would 
bc applicbahle to our purposr, the isolat,ion of both 
solid forms of at least oiie variant of I1 was esse !tial. 
The only solid substance of t>his nature so far rr- 
ported was dimdhyl N-phenylpyrrolidiiie-~.,~-di- 
rwlmxylate," m.p. 88". This had beeii ohtail led by 
the reartion of  meso-dimethyl ~~.~~'-di~)l 'onioadipat( \  
1vi-it.h aniline. 1;ormation of anot11c.r isomer was not 
meritioiied, iior \vas the yield of' t>hat obtained. 
The st,erir idciitity of this compound waF: thcrrfow 
unccrtain. 

The dimethyl esters of oc,cY'-dil)lon~o:idipic. acid 
httve somewhat more favorablc properties than the 
diethyl esters. -4 modification of Ingold's prow- 

(2)(a) R .  IVillstatter and R. Lrssing, Ber., 35, 2066 
(1932). ( b )  H. It. Lie Seuer: J .  Chem. SOC., 95, 275 (1909). 
( c )  C. K. Ingold. J .  Chem. SOC., 119, 967 (1921). 

(3)  A .  J. Hill and J. T. Maynard, U. S. Patent 2,596,099. 

. ~ 
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CH30COCHBrCH2CH2CHBrCOOCH3 
1 

C/-COOCH3 
IIa, b, c 

Pd-C 
HZ 

___* 

dure2c afforded the meso form, m.p., 76" and the 
racemic form, m.p., 13'. The latter, though analyt- 
ically pure was probably notJ entirely homogeneous. 
As noted by Willstatter2* the lower melting form 
is partly converted to the higher by prolonged 
heating (as in distillation). 

In our hands, the reaction of aniline with meso- 
dimethyl a, a'-dibromoadipate without solvent 
as described by Hill and Maynard was most unsatis- 
factory. Using suitable diluents N-phenylpyrroli- 
dine-2,5-dicarboxylic esters were obtained in 70% 
yield. By a combination of fractional crystalliza- 
tion and chromatography this product was sepa- 
rated cleanly into the cis and trans isomers, melting 
points 56.5" and 88.5", respectively, and in the 
proportion of 3 :  1. Under the same conditions, the 
racemic form of I afforded only a 10% yield of Ha4 
and this material was composed of the cis and 
trans forms in approximately equal proportion. 

(4) The bulk of the product waa polymeric material. 

These observations are not easily explained by 
epimerization. Cis and trans IIa are individually 
stable under the conditions of the r e a c t i ~ n . ~  
Epimerization of I under the influence of aniline 
would be possible but this would not account for 
the yields and proportions. Neither does epimeriza- 
tion of the presumptive intermediates B and C 
lead to an acceptable rationalization. The following 

! 'COOCH3 
Br 

CH2- I C / H  

j \COOCH, 
Br 

C 

argument appears to US the most attractive. Sornial 
SX2 displacement by aniline with meso J should 
give the threo isomer B and with racemic I the 
rrythro isomer C. In the absence of substantial 
hindrance (as with tetramethylene bromide) the 
consequent internal displacement would proceed 
faster than intermolecular displacements and would 
give pyrrolidines in high yield. Both B and C, 
however, are rather heavily hindered. Examinatioii 
of models reveals that there is some difficulty in 
bringing the nitrogen into approximation with the 
bromine-bearing carbon in the favored position 
opposite the bromine. This difficulty is apprec ~ b l y  
more pronounced in C than in B.6 This accounts for 
the predominant polymerization starting with 
racemic I and for the Very considerable loss from 
polymerization in both cases. The formation of 
trans-11 from meso-I and of cis-I1 from racemic I 
could be due to concurrent operation of the process 
involved in retention of configuration in displace- 

(5 )  This observation on I Ia  may not be transferable to  
I Ib  and IIc. The amines used in the preparation of these 
compounds (benzylamine and ethylamine) being more basic 
than aniline should be more effective in causing epimeriza- 
tion. There is a further point that may have some bearing 
on the proportion of isomers formed. Whereas the trans form 
of pyrrolidine 2,5-dicarboxylic acid would he expected to be 
slightly more stable than the cas form, this should not hold 
for derivatives having bulky groups on the nitrogen. Here 
in the cis series the X-substituent could occupy a position 
trans to both of the groups at 2 and 5 while in the trans 
series this is impossible. Thus, if I Ib  and IIr  did epimerize, 
the cis series could be favored. 

(6 )  The considerations 011 the hindrance factors of the N -  
substituted pyrrolidine dicarboxvlic esters6 hold also for the 
transition states leading thereto from B and C. 
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TABLE I 
PHYSICAL AND ANALYTICAL DATA ON COMPOUNDS OF CHART 1 ___- - - - - - - 

I-_I_ ~ 

N ~- Compound Yield, liring C H 
CryRtal- 

NO. M.P." %b SolventC Empirical Formula Calcd. Found Calcd. Found Caled. Found 
- ~ -- 

IIa (cis) 56.5 50 EI' CidHi,NO( 63.9 64.0 6 . 4  6 . 3  5 .3  5 .4  
IIa (Lrans) 88.5 16 E H  CiJ317N01 63.9 63.8 6.4 G.4 5 . 3  5 . 3  
IITa 116.5 42 AC CioHieNiOz 74 .5  74.6 5 . 9  5 . 8  9 . 2  0.2 
I Va 69-71' 95' E H  CipHznNz 82.0 8 1 . 0  8 . 0  7 . 7  10.1 10.2 
IVa picrate 163-164 A CnsH~sNsO7 59.2 58.8 4 .9  4 . 8  
\'a 323 dec. 80 A B  CiIHiaNz.HC1 64.1 64.1 7.6 7 . 4  12 .5  12.6 
VIa 136 65 BH CiiHisNzO 73.0 73.3 7 . 8  7 . 8  12.2 12.0 
VIIa 209 dec. 78 A Ci4HisN1.2HCl 58.1 58.0 7.6 7 . 7  
VIIIa 131-132 62 BH CisHtoN2O 78.1 78.2 6.9 6.7 9 . 6  9.6 
I l b  148-152' 68 CisHieNOc 65.0 64.7 6.9 7 . 0  
TIIb 189.5 58 A C~OH~ONPO~*HCI 67.3 67.2 5 . 9  5 . 7  8 . 2  8.2 
IVb 55-57d 91' HP C t o H d ~  82.2 82.2 8 . 2  8 . 0  9 . 6  (3.5 

Vb ca. 280 dec. 95 M E  CsH18Ns.2HCI.HpO/ 35.5 35.0 7 .9  7.7 13.8 14 .1  

Vb di- 
picrate 285 dec. A CieHiaNsOir 37.9 37.5 3 .2  3 . 2  19.7 20.0 

IXb 2 16-2 18 95 AE CuHuN,OvHCl 58.5 58.4 5 . 6  5 . 6  10.5 10.5 
Xb 121-123 62 BH CmHisNzOs 71.9 71.7 5.4 5 . 2  8 .4  8 . 4  
xc 109 59 BH CisHisNzOs 66.2 65.9 5.9 6 .0  10.3 10.1 
IIC 193-194' 45 CioHi7NOd 55.8 56.0 7.9 8 .0  6 .5  6 .5  
IIIc 56.5-58, 26 EP CisHisN20t 69.8 69.8 7.0 6 .8  c1 CI 

229 dec. AE CtoH*dN,*2HCl 65.8 65.6 7 . 1  7 . 1  

CsHiaN~*2HCl*'/~H~O'' 37.1 37.2 7 .7  7.7 14.4 14 .  :< 

TVc 233 72k A Ci'H*rN2*2HCl 59.4 50.7 7.9 7 . 9  23.4 2 3 . 0  

VIIC 310 dec. 90 AE CloH,,oNI*2HC1 49.8 49.8 9 .2  9.2 

v c  275 dec. 93 M CsHisN2.2HCI 45.1 45.3 8 . 5  8.4 
VIC 229-230 67 AE CioH,,NtO-HCl 54.9 54.9 8 .8  8.8 

VIIIC 263 dec. 60 AE CisH2oN,O*HCl 64.2 63.7 7 .5  7.5 

A = a l ~ .  ethanol; 
E = ethyl acetate; Ac = acetone; E = abs. ether; B = benzene; H = hexane; M = metlinnol; P = pentme.'Puhlimcd i n  high 
vacuum (ca. 0.02 mm ) after crystallization. eB.p. at 1-2 mm. pressure. /Dried in uaciio four hours rtt 100'. Dried in m x o  
forty hours a t  140'. * Yield by reduction of IIIa. By reduction of VIIIa the yield wa8 84%,. Yield of reduction of IIIb. 
By reduction of Xb the yield was 58%. Yield by reduction of IIIc. By reduction of Xc the yield W ~ R  26%. By retluc- 
tion of VIIIc the yield was 80%. 

a All melting points corrected. Yields calculated on basis of analytically pure product isolntcd. 

ment proce~ses.~ This process is not normally 
competitive in displacements involving a-bromo 
esters although in displacements with the anions 

of a-bromo acids it is-the course of the reaction 
being dependent on tho concentration of the compet- 
ing hydroxide ion. Wc suspect that in the present 
instances such a proccss is able to competc owing 
to the diminution in the rates of the normally 
dominant process.8 

The methyl esters of N-benzyl- and N-ethyl- 
pyrrolidine-2,5dicarboxylic acids (IIb and IIr)  
could not be obtained in crystalline form. I t  was 
necessary therefore to employ thc unsepsratcd 
mixture of isomers on the assumption that these 
mixtures were reasonably comparable i o  IIa. This 
assumption was justified by the results since the 
imides II Ib and IIIc were obtained in acceptable 
yields. 

The 3,8diazabicycZo [S.d.l ]octan-Z,4-diones (111). 
The general conditions werc workcd out with tho 
isolated cis and trans forms of 1111. Kot only the 
cyclization but even the first step, formation of :L 
monoamide, proved unexpectcdly slo\v. l'rom 1111- 

(8) It has been pointed out by a refthrer that formation 
of croea-producte could have been due to fx\cshange by iodide 
ion which waa used in the preparation tltwrihed below. I n  
actual fact, use of iodide did not altrr the yield or composi- 
tion of the product but the very large amoiint of bromide 
liberated could have produced the same result. 
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catalyzed reactions in refluxing methanol virtually 
all of the starting materials were recovered. Even 
in the presence of methoxide catalyst 90% of the 
trans ester and 80% of the cis ester were unchanged. 
The procedure finally preferred was to  heat I Ia  
with benzylamine in ethylene glycol a t  reflux in 
the presence of alkoxide catalyst and to distill the 
reaction mixture without removing the catalyst. 
Under these conditions II Ia  was obtained in 40% 
yield from cis-IIa and in 12% yield from trans-IIa. 
The behavior of the material during the distillation 
suggested that ring closure from the presumed 
intermediate D was being accomplished during this 
final heating, D is of course, not the only substance 
of this nature probably present. Through ester 
exchange glycol could replace methyl from the 
ester function giving rise to dimeric ester amides. 
Pyrolysis of diamide could also take place. Actually 
drastic heating of a plastic substance formed from 
cis- and trans- I Ia  and benzylamine without solvent 
also furnished IIIa albeit in poor yield (15% 
from the cis polymer, 5% from the trans). 

0 

C-OCHB 

C--NHCHL&Hs 

0 
II 

n 
'l'hc coilversions of I l b  and IIc to I I Ib  and IIIc 

were accomplished by the same technique. Although 
I I b  was not sterically homogeneous (demonstrably, 
a t  least), the cyclization to I I Ib  was appreciably 
more efficient than in the N-phenyl s e r i e ~ . ~  

The other processes indicated in Chart 1 pro- 
cccded smoothly. The lithium aluminum hydride 
reductions of amides and imides gave excellent 
yields with no indications of irregular cleavages. 
Some difficulty had been anticipated in the cata- 
lytic debenzylations because of the steric nature of 
the bicyclic system. In fact, the conversion of I I Ib  
to IXb (debcnzylation a t  the 8 position) proceeded 
at a normal rate. Debenzylation a t  the 3 position 
(IVa and IVc to Va and Vc) was exceptionally 
rapid. In the double hydrogenolysis of IVb to Vb 
the hydrogen absorption also suggested a very 
rapid reaction followed by one of moderate rate. 

One incidental observation seems deserving of 
note. I n  a reaction of cis-IIa with benzylamine in 
methanol containing one equivalent of alkali, in- 
advertently as hydroxide, half of the ester was 
isolated as the disodium salt of the parent dicar- 
boxylic acid. This is presumably to be attributed 

(9) Especially high efficienciea in these cyclizatione can- 
not be expected if alkoxide ion catalysis is essential to cycli- 
zation of D. Recent work [J. F. Bunnett and G. T. Davis, 
J .  A m .  Chem. Soc., 82,  665 (1960)) has shown that under 
conditions of alkoxide ion catalysis of the amidification of 
esters, considerable loss ensuea due presumably to nucleo- 
philic attack of alkoxide ion on the eater alkyl group. 

to  a sterically favored intramolecular reaction of 
the monoanion first liberated by hydrolysis1° 
and is further evidence in favor of the assigned 
configurations of these isomers. 

EXPERIMENTAL 

Data on analyses, physical properties and yields of the 
compounds of Chart 1 are presented in Table I. All melting 
points are corrected. Type procedures are given below in de- 
tail especially for the critical cyclization steps. The various 
samples of IVa, IVb, and IVc prepared by the alternative 
routes shown in Chart 1 were shown to be identical with 
those prepared by the maiu line of synthesis (m.p. and 
m.m.p.). 

The empirical formulae in Table I refer to the character- 
ized form (salt or base). 

Dimethyl a,a'-dibromoadipate (I). Adipyl chloride was 
brominated by the conventional procedure**" and added to 
methanol cooled in a Dry-Ice-acetone bath. After standing 
over-night at room temperature, the solid that precipitated 
waa collected and washed with cold methanol, and recrystal- 
lized from methanol. The solid so obtained waa the pure 
meso eater, m.p.,* 75-76', yield 30%. 

Anal. Calcd. for C~HI~Br~O,:  C, 28.9%; H, 3.6%. Found: 

The original mother-liquor and the filtrate from the re- 
crystallization were combined, concentrated and partitioned 
between ether and water. The ester layer waa washed suc- 
cessively with bisulfite solution, sodium carbonate solution, 
and water and was dried over potassium carbonate. The 
ether waa evaporated and the residual eater was distilled 
through a good fractionating column. In some runs con- 
siderable monobromo ester waa isolated a8 a fore-run boiling 
from 155-170' at 16 mm. The main fraction of dibromo ester 
boiled at 170-181' a t  16 mm. On refractionation a sharp 
cut boiling a t  189-190' at  20 mm. was obtained. This ma- 
terial, on standing, partly solidified to a paste. The paste waa 
dissolved in a mixture of ether-pentane (1  :2)  and the solution 
waa blown down to small volume (Le. ,  200 cc. from 1500) 
with a stream of dry air. A further quantity of pure meso 
ester corresponding to 30% of the calculated yield was so 
obtained. No further amounts of this solid could be obtained 
from the mother-liquors. On evaporation of solvent the re- 
sidual oil (about 6% of the calculated amount) solidified 
when cooled to -7' and remained solid up to 12.5-13'. I t  
was not completely pure, however, since it thawed to a 
cloudy melt. No more of the m s o  isomer could be separated 
but the contaminants must have had similar composition 
aa the substance was analytically "pure." 

Dimethyl-N-phenylpyrrolidine 2,6-dicarborylate (Ira). Onr- 
third mole (111 9.) of mes?-I waa dissolved in 250 cc. of dry 
benzene and 250 cc. of nitromethane. To the solution w'aa 
added 124 g. (4/3 mole) of freshly distilled aniline and 1 g. 
of potassium iodide. The solution waa refluxed with stirring 
for 16 hr., cooled, and poured into 1 1. of anhydrous ether. 
The precipitated aniline hydrobromide was filtered off, 
washed with ether and the solvents were removed in vacuo 
on a steam bath. 

The oily residue waa cooled, dissolved in 1 1. of ether and 
washed successively with five 300-cc. portions of ice cold 
5N hydrochloric acid (to remove traces of aniline) and thrice 
with ice water. After drying over potassium carbonate, the 
ethereal layer waa evaporated and distilled at  1 mm. pres- 
sure. The main portion of distillate boiled at  144-147' and 
weighed 77 g. After refractionation there waa obtained 68 g. 
of a straw colored liquid boiling at 146-147' a t  1 mm. This 
distillate waa dissolved in 300 cc. of anhydrous ether and 
300 cc. of hexane. On refrigeration, 27 g. of solid separated 

C, 29.370; H, 3.770. 

110) C f .  A. P. Philljvs. J .  Am. Chem. Soc.. 7.5, 4725 . .  . ,  . .  
(1953). 

(11) 078. Syntheses, Coll. Vol. LII, 623 (1953). 
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which waa collected and washed with hexane. Two types of 
crystal were present-long orange-yellow needles and clus- 
ters of colorleas crystala. These were separated mechanically. 
The yellow type could not be purified completely by re- 
crystallization. The colorless crystala (14 g.) were recrystal- 
lized from 50 cc. of ether and 300 cc. of hexane. The product, 
weighed 13 g. and melted at  88.5". This appears identical 
with the product reported by Hill and Maynarda: it is, in 
fact, the trans isomer. 

Purification of the yellow crystals and separation of the 
mixture of isomers in the mother-liquors from the first 
crystallization was accomplished by chromatography on 
alumina. The ester mixture was added in 1 : 3 ether-pentane 
and the chromatogram was developed and eluted by the 
same solvent. A small amount of trans isomer came first, 
followed by pure cis isomer, melting a t  56.5'. A total of 44 
g. of the cis and 13 g. of the tram isomer was obtained. 

In another run of the same size, the distillation was 
omitted, the residue, after removal of volatile material on the 
steam bath in vacuo, being dissolved in 300 cc. of benzene and 
900 cc. of hexane. On refrigeration a tan colored mixture 
of the two isomers weighing 67 g. was obtained. This was 
chromatographed as before yielding 14 g. of the trans and 
44 g. of the cis isomers. 

3-Benzyl-S-phenyl-3,S-diazabicyclo[S.d.l] octan-%,+dione 
(IIIa). One-third mole (88 9.) of cis-IIa was dissolved with 
warming in 500 cc. of freshly distilled ethylene glycol. To 
the resultant solution was added 40 g. (0.037 mole) of benzyl- 
amine and a sodium methoxide solution prepared from 4 g. 
of sodium and 50 cc. of methanol. The reaction mixture was 
heated under a Vigreux column (2 cm. X 60 cm.) connected 
above with a receiver for distillate. The reaction-mixture was 
heated gently and 72 cc. of methanol collected in the first 
2 hr. Heating was then increased until glycol refluxed mid- 
way in the fractionating column and heating was so con- 
tinued for 16 hr. The fractionating column was then removed 
and volatile material (glycol and benzylamine) was removed 
in vacuo. 

The residue was transferred to a smaller flask and dis- 
tilled at  oil-pump vacuumlZ through a heated Vigreux col- 
umn 2 X 20 cm. leading directly into a receiver with wide 
apertures. (This was necessary as the distillate solidified on 
cooling.) Distillation began when the bath temperature 
reached 200'. A bath temperature of 275' n'as necessary to 
drive over the last traces of distillate. The receiver at this 
point contained a mass of tan colored solid and a small quan- 
tity of dark-brown liquid. The entire distillate wm dis- 
solved in 250 cc. of hot acetone and thc solution was allowed 
to cool. Crystallization began almost at once. Aft,er re- 
frigeration over-night the deposited mass of fwthery crystals 
was filtered and washd uith (sold acctoiw. It weighd ?Ai 
g. and melted at  166.5'. AII :tdditional port,ion of 4 g. ( a f to r  
recrystallization) was oljtitincd from thc mot,hcr-liquors. 

S-Benzoyl-8-phenyl-S,S-diazu~~~~,y~~o[Y.~.f] ortane (VIIIa). -4 
portion (2.25 g., 0.01 mole) of the hydrochloride of Va vias 
benzoylated by the Schotteri-Bxiunatiri procedure giving 
I .8 g. (after two recrystallizations from I)eiizenr-hrxatic) 
of the 3-benzoyl derivative, m.p., 1 3 - 1 3 2 ° .  
Dimethyl N-benzylpyrrolidiri~e-8,5-dicnrh~x,ylot~ (IIb). To a 

solution of 222 g. (0.67 mole) of nieso-I in  800 w. of dry ben- 
zene was added 225 cc. (2.1 tnolvs) of brrizylamine. The 
solution was stirred at  room t,einprrittrirr for 24 hr. during 
which time much benzylamine hydrobromidc 1)rwipitated. 
The mixture was then refluxed with stirring for 8 hr. cooled 
with stirring and diluted \vith 1 1. of anhydrous ether. Thc 
precipitated benzylamine hydrobromide was filtered off, 
washed with ether, and dried (wt., 241 g.). The combined 
filtrates were extracted with cold dilute sulfuric acid and 
the base WFS liberated from the acid extracts with sodium 
carbonate, taken into ether and dried over potassium car- 
bonate, The ether was evaporated and the residual base was 

(12) The pressure varied between 1 and 2 mni., variations 
being caused by release of volatile material. 

distilled at  1 mm. pressure. The main cut waa refractionated 
giving 126 g. of oil boiling a t  148-152" at  1 mm. This ma- 
terial could not be crystallized but waa analytically pure. 
3,8-Dibenzyl-3,8-diazabicyclo [S.d.l] octan-d,4-dione hydro- 

chloride (IIIb). This preparation waa carried out according 
to the technique described for IIIa. Thirty grams of benzyl- 
amine, 74 g. of IIb, 500 cc. of ethylene glycol, and sodium 
methoxide from 5 g. of sodium were employed. The initial 
distillation yielded 80 g. boiling from 160-220" at  1 mm. 
This was refractionated giving 59 g. over the range 205- 
211" at  1 mm. This final distillate was dissolved in 500 cc. 
of abs. ethanol and acidified with 100 cc. of saturated etha- 
nolic hydrogen chloride solution. On refrigeration a copious 
cream colored precipitate separated. This was recrystallized 
from hot ethanol giving 55 g. of colorless crystals. 
3,B-Dibenzyl-S,S-diazabicyclo[S.d.l]octane (Ivb). A dry 

ethereal solution of the base, I I Ib  waa prepared from 8.9 g. 
(0.025 mole) of the hydrochloride. This waa added dropwise 
to a slurry of 15.2 g. of lithium aluminum hydride in 1 1. 
of anhydrous ether. The reaction flask was equipped with a 
reflux condenser and a magnetic stirrer. Addition of the 
solution of the base waa completed in about 30 min., after 
which, stirring ww continued for 30 hr. An e x c w  of 10% 
sodium hydroxide solution waa then added cautiously and 
stirring WFS continued overnight. The inorganic salts were 
then allowed to settle. The supernatant solution was de- 
canted through a filter and the salts were washed thoroughly 
with dry ether which was also passed through the filter. 

The ethereal filtrate was evaporated and the oily reaidue 
was dissolved in 25 cc. of boiling hexane. On cooling to O " ,  
there was deposited 5.5 g. of an off-white, waxy solid that 
melted at 52-57'. This was recrystallized from pentane and 
then sublimed in high vacuum. 
3,8-LXazabicyclo[S.I.l]octane dihydrochloride (Vb). A solu- 

tion of 5.15 g. of the base IVb in 50 cc. of methanolic solu- 
tion containing 5 cc. of saturated methanolic hydrogen chlo- 
ride was reduced with 6 g. of 10% palladized charcoal. The 
fint equivalent (17-18 mmoles) of hydrogen waa absorbed 
within 2 min., the second equivalent a t  a moderate rate 
(total absorption, 35.5 mmoles). The solution waa removed 
from the catalyst and evaporated in U ~ C U O  on a steam bath. 
The residue was dissolved in hot methanol and ethyl ace- 
tate was added to incipient turbidity. On standing overnight, 
1.45 g. of colorless solid had separated. An equal amount waa 
obtained from the mother-liquors on addition of ether. 
This solid appeared to be a monohydrate: it softened a t  
85' but reset and did not melt below 280". After stringent 
drying, the composition agreed with that calculated for a 
hemihydrate. The base was further characterized FS a 
dipicrate. 

3-Benzyl-S,S-diazabicyrlo[S.d.l]octan-d,4-dione hydrochlo- 
ride (IXb). The hydrogenation of the dibenzylimide hydro- 
chloride, IIIb, (0.3 g., 0.026 mole) in methanol with palla- 
dized charcoal proceeded smoothly. The solution waa re- 
moved from the catalyst and concentrated to 25 co. On 
addition of ether and cooling there was obtained 6.2 g. of 
crystalline solid, melting a t  21 6-21 8". The mother-liquors 
contained 0.4 g. of the same substance. 

S-Benzyl-8-henzoyl-3,8-dia~ahcyclo [Y.%.l] octan-8,i-dione 
(Xb). One-fortieth mole (6.7 g.) of t,he monobenzylimidr, 
IXb, was benzoylated by tlir Srhot,ten-Raumann method 
and thr rrsultant 8-benzoyl derivative was crystallized from 
benzene-hexane. It melted at  121-1 23' with frothing. Tho 
mixed mrlting point with benzoic acid showrd R 20' de- 
pression. 

Two grams of this amide vias rrduard with Iithiuni aliinii- 
num hydride (2 g.) in ether over a period of 24 hr. a t  reflux. 
The ethereal solution, after removal of inorganic material, 
was concentrated to 33 cc. and a little hexane waa added. 
There waa deposited 1 g. of a, waxy solid melting at  54-56', 
identical with the 3,S-dibenzyl-3,S-diazabicyclo[3.2.1 ]octane 
described previously (IVb). 

8-EthyGJ,8-diazabicyc/o[3.2.1] octane (l'c). Seven gralns 
(0.022 mole) of 3-benzy1-S-ethyl-3,S-diazabicyclo[3.2.1]oc- 
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tanc: dihydrochloride (IVc) was dissolved in 50 cc. of metha- 
nol and hydrogenated over 6 g. of 10% palladized charcoal. 
‘The absorption of hydrogen was essentially complete in 90 
seconds. This is a reduction rate comparable with that 
found with benzyl alcohol and cyclohexene and is the most 
rapid the senior author has observed in an N-dehenzylat,ion 
w x p t  for the first step in the debenzglation of IVb to Vb. 
After removal from the catalyst, the solvent was evaporated 
i n  ZJUCILO and the residue was recrystallized from methanol. 

S-Acefyl-8-ethyl-.S,g-diazabicyclo[5.2.1] octane ( VIc). One- 
fiftieth mole (4.3 g.) of Vc dihydrochloride was placed in a 
flask and covered with 25 nc. of acetic anhydride. Three 
grams of potassium carbonate was added and the flask was 
heated, first on a steam bath, then cautiously with a free 
flame. There was considerable hut not violent evolution of 
gas. AE the reaction-mixture became rather thick from dep- 
osition of solid, 12 cc. more of acetic anhydride was added, 
and boiling waa continued until the still-head, used as con- 
denser, waa thoroughly heated. Five grams more of potassium 
carbonate was then added and the mixture was refluxed a few 

minutes longer. The reaction-mixture was cooled, methanol 
was added to react with the excem anhydride, and volatile 
material was removed i n  vacuo. The residual material was 
diluted with water to about 50 cc. and concd. potassium 
hydroxide solution was added to p H  8. The solution was 
cooled and then made strongly alkaline. The solution (vol- 
ume now about 80 cc.) was extracted thrice with 1 : 1 ether- 
benzene mixture ( 3  X 50 cc.). The third extract, when 
evaporated, was found to contain only 0.2 g. of oil. 

The combined extracts were dissolved in 20 cc. of hexane 
and refrigerated, however, no crystals formed. The material 
was therefore converted to the hydrochloride which was 
crystallized from ethanol-ether mixture. 
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Pyrimidines. 11. Orotic Acid Analogs’” 
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The syntheses of all eight structural analogs of orotic acid 4 hich contain amino, hydroxv, and thio substituents a t  positions 
2 and 6 are reported. The chlorination of orotic acid with phosphorus oxychloride and N,N-dimethylaniline yields 2,6di- 
rhloro-4-pyrimidinecarboxylic acid. Previous structures proposed for this chlorination product have been shown to he in 
error. A practical, large-scale synthesis of orotir acid has been devised, and a new route to the useful synthetic intermediate, 
methyl 2,6-dihydroxy-4-pvriniidinecarboxylate is reported. Formamidine has been condensed with the sodium derivative 
of diethyloxalacetate to give 6-hydroxy-4-pyrimidinecarbox~-lic arid in good yield. Several novel reactions involving methyl 
2,6-dichloro-4-pyrimidinecarhouylate and methyl 6-chloro-2-methylthio-4-pyrimidinecarboxylate have been studied. 

The importance of orotic acid in pyrimidine nu- 
cleotide synthesis has been well established.3 
Derivatives such as 5-chloro-, 5-bromo-, and 5- 
fluoroorotic acid4s5 have been shown to exhibit’ 
orotic acid ant’imet’abolite activit>y in various hio- 
logical .systems. &Uracil methyl sulfone and G- 
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uracilsulfonamide, synthesizeds as orotic acid antag- 
onists, have exhibited significant antitumor ac- 
tivity7-10 against several types of tumor growth. 
Other pyrimidines related to orotic acid have been 
shown to exhibit interesting antitumor properties. 

As part of a general program to investigate py- 
rimidines as potential anti-neoplastic agents12 a 
synthetic study of simple orotic acid derivatives 
was undert:tken in this laboratory. As a result of 
this effort all the structural isomers of 2,fi-disubsti- 
tuted 4-pyriniidiiiecarboxylic acid which contain 
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