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Comparison of models of 2 and 3 indicates similar 
H,?;-C02H distances for the active compounds but 
not for the cis compound 3a. For purposes of com- 
parison in these and subsequent compounds, Table I 
lists distances in anstroms between the C02H and the C 
to which the S H ,  is attached. This distance has been 
chosen rather than H,S-C02H distances, because in 
structures such as 3, rotation of the amino group results 
in a variable C02H-NH, distance. The figures in 
Table I thus represent better an average value for pur- 
poses of comparing one molecule with %nother. As 
ioridicated in Tablg I, this distance is 5.57 -4 for 2, 5.82 
-4 for 3, and 4.6 A for the cis isomer of 8 (3a). Since 
3a was inactive and 1 through 3 exhibited activity, and 
since i t  was known, along with other structure-activity 
relationships, t'hat S substitution or esterification of 
CO,H eliminates activity, a t  least in uiti'o, we proceeded 
011 the assumption that  an optimum distance between 
free SH, and free CO,H in active synthetic amino acids 
might not yet have been achieved; that is, we assumed, 
as have others,I1 that NH, and COlH in an active struc- 
ture must approach or interact favorably with a hypo- 
thetical receptor molecule of an unknown nature in 
order to exert an inhibitory effect. Therefore, an 
ideal structural type for a study of the influence of 
structural variations on biological activity should 
permit (1) a systematic variation of the H2S-C02H dis- 
tance, ( 2 )  the fixation of this distance by structural 
rigidity, (3) the variation of this distance with mini- 
mum change in the central portion of the structure 
holding the KH2 and CO2H groups, and (4) the approach 
of these groups to a receptor with minimum steric 
hindrance. 

Some of these conditions and goals were fulfilled 
through synthesis of a series of amino acids based upon 
rigid bicyclic or polycyclic nuclei, in particular the 
bicyclo [2.2.1 ]heptanes, bicyclo [2.2.2]octanes, bicyclo- 
[3.2.2]nonanes, cubanes, and spiro [3.3]heptanes. 
Structures synthesized are listed in part' B of Table I. 
Relative potency figures speak for the success of this 
approach. Six new amino acids have an in vitro po- 
tency equal to or greater than the tmns  isomer of 4- 
aminomethylcyclohexanecarboxylic acid (ANCA, 3), 
the most effective fibrinolytic inhibitor previously 
reported. 

Structure-Activity Relationships.--An interesting 
group of three novel bicyclic amino acids resulted from 
the addit'ion of a C1, C1, or C3 bridge across the 1,4 posi- 
tions of the cyclohexane ring of 3, locking the ring into a 
boat, conformat,ion. The resulting rigid arid symmetri- 
cal molecules 4, 5, arid 7, with bridgehead subst'ituents 
protruding from colinear or nearly colinear bonds, en- 
abled variation of functional group distances over a 
range somewhat shorter than that observed in the cy- 
clohexarieo and aromatic compounds. The distances 
are 5.34 h for 4-aminom$hylbicyclo [2.2.l]hept,ane-l- 
carboxylic acid (4), 5.6: A for the bicyclo[2.2.2]octane 
analog (7), and 5.76 -A for the bicyclo[3.2.2]nonane 
analog (5). Resulting activities measured in vitro 
were 5 ,  104, arid 19, respectively. 

Thc highly active compound 4-amiriomethylbicy- 
clo [ 2 . 2 . 2  ]octane-1-carboxylic acid (7) presents func- 
tion:d g r o u p  fixrd in space by a highly symmetrical 
molecule which would appear identical in approach to a 
hypothetical receptor molecule or surface from all 

three sides or bridges. The bicyclo [3.2.2]noiiane 
derivative 5 spreads functional group.; slightly apart 
relative to 7, the bonds a t  the bridgehead pobitions are 
no longer colinear, and an extra C in one bridge ma! 
offer some steric hindrance to receptor interaction not 
seen in 7. These factors may account for the decreased 
activity obberved for 5 .  In  the case of the bicyclo- 
[2.2.1 ]heptane derivative 4, the distance between func- 
tional groups is shortened as indicated; moreover, bond:, 
a t  the bridgehead positions are again riot colinear, but 
bent blightly upward, resulting in variable C02H-SH2 
distances as these groups are rotated. Apparently in 
the bicycloheptane 4, the considerably reduced distance 
between functional group:, 15 much qhorter than re- 
quired for the proper receptor fit. It appears that in 
this series of three bridged cyclohexanes, the optimum 
distance is at least most closely approached if not 
achieved exactly in the bicyclooctane 7. 

Tn-o compounds n-ere prepared in which the HZ- 
SCH,  group of 5 or 7 i;, replaced by SH, attached di- 
rectly to the bridgehead position; z.e., 5-aminobicyclo- 
[3 .2 .2  Jnoriane-1-carboxylic acid (6) and d-aminobicy- 
clo [2.2.2]octarir-l-carboxylic acid (12). Compound 12 
has been reported previously by Roberts;, et ~ 1 . ~ ~  Both 
compound.: were fourid to be inactive, an observation 
which mal- result from the greatly shortened distances 
involved (4.22 arid 4.13 A).  However, an examination 
of model- alio indicate:, that a bridgehead KHz group 
which protrude.; btraight out from the bicyclic nucleu. 
would in addition be severely hindered in attachment 
to a receptor surface if the CO,H were associated with 
this surface in some manner a t  the same time. In  con- 
trast, H,SCH, substitution can allow greater flexibility 
and freedom to associate with a receptor molecule. 

It might be rioted here that similar shortening of the 
C chain in unbranched amino acids (or in p-aminoben- 
zoic acid or 4-aminocyclohexa~iecarboxylic acid) has 
also been reported to decrease or eliminate a c t i ~ i t y . ~  
However, in the aromatic series, the basicity of the 
S H 2  group is completely altered by this change and in 
the cyclohexane series, one can not be certain about the 
isomeric purity of the material tested. 

Because of the high activity of 4-amiriomethylbicy- 
clo [2.2.2]octane-l-carboxylic acid (7), several struc- 
tural variations are of special interest. Introduction of 
a double bond, producing the bicyclo [2.2.2]octene (8),  
was found to decrease activity to 37. Thib perhaps 
may be rationalized by a slight distortion of the nucleuh 
by the double bond, spreading of the bridgehead C 
atoms and slight lengthening of the distances bet\\ eeii 
functional groups; This results in an SH2-C to COzH 
distance of 5.76 A and is based upon calculations re- 
ported in 1967 by Baker, et al., for an untwisted bridge 
structure.24 -41~0, the slightly increased protrusion 
of the two rehulting ethylenic protons on one side of 
the hydrocarbon sphere may account for reduction in 
activity; however, of more importance perhaps is the 
resulting alteration in pK of the C02H. Observed pK 
values were 3.6 arid 9.7 for the unsaturated amino acid 
8 and 4.6 and 9.9 for the saturated amino acid 7;  that is, 
urisaturation decreased the pK of the C02H by roughly 
1 pK unit. Bulky substituents at the 2 and 5 positions 

(23) ,J. D. Roberts, K. T. Moreland, Jr . ,  and W. Frazer, J .  Amer. Chem. 

(24) F. IV. I3aker, R .  C. Parish, and L. AI. Stock, ih id . ,  89, 5 6 i 7  (1967). 
Soc. ,  76, 637 (1053) .  
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I3. Kew inhibitors 

Spiru(3.31 heptane derivatives 

(17 )  
H.NCH. 

H 

-Relative activitiee” ( i n  vitro)- 
Method Ab Method W Distanced PK* 

0 

0 

-6 .3  4 . 4  
10.2 

-3.3 4 . 3  
9 .9  

a Relative activities are assigned on a molar basis with the activity of EACA given a value of 1.0. b The inhibition of clot lysis pro- 
c The inhibition of lysis of a preforped plasma clot induced by o-thymotic 

d Distance in %ngstroms between the COZH and the C to which the NHz group is attached, calculated or measured on models. 
f This distance is variable; distance for the most es- 

t See 

duced by streptokinare-activated human plasminogen.22 
acid.22 
e Approximate values determined by potentiometric titration in aq solution. 
tended form is given. 
ref 23. 

g Value for cis isomer taken from the literature, see ref 10, 21. h Hydrochloride used in biological assays. 

of 7, such as observed in 4-aminomethylbicyclo [2.2.2]- 
octa-2,j-dione-l-carboxylic acid (9) or its bisketal 10 
were found to reduce activity to 15 in the former and 0 
in the latter compound. Steric factors are probably 
most important; however, i t  should be noted that the 
introduction of free keto groups in 9 results also in a 
sizeable change in pK’s of the molecule (pK’s of 3.8 and 
5.7 for 9 and 4.6 and 9.9 for 7). 

Branching of the 4-CHz group of 7, such as in 4- 
(a-aminoe thyl) bicyclo [ 2.2.2 ]octane- l-carbox ylic acid 
(11) interestingly had only a slight diminishing effect 
on the activity. The observed relative potency for 11 
was 7s.  Apparently, this extra RIe has little influence 
on the ability of an amino group to reach a receptor 
surface. We have observed also that similar substitu- 
tion of p-aminomethylbenzoic acid (2) to give p-(a- 
aminoethy1)benzoic acid decreased activity from 3.7 to 
2.5 while a comparable Ale substituent in EACA (1) 
to give 6-aminoheptanoic acid appeared to abolish 
activity. This diminishing effect of Ale branching 
thus appears to be general. 

Compounds 13 and 14, where a CH, is inserted be- 
tween the CO,H and the bicyclic nucleus, represent 
parg,llels to similar variations reported by Lohmann, 
et ~ l . , ~  in the aromatic and cyclohexane series. The 
interesting isomer of the highly active 7, that  is, 4- 
aminobicyclo [2.2.2]octane-l-acetic acid (13), was found 
to be inactive, most probably for reasons mentioned 
above involving steric hindrance around the bridge- 
head NH,. I n  other series, i t  has been reported that 
p-aminophenylacetic acid is inactive and 4-aminocyclo- 
hexane-l-acetic acid is much less active than its 4- 
aminomethyl analog. However, comparison again 
involves a complete change in the basicity of the XH2 
in the aromatic series and an uncertainty about iso- 
meric purity in the cyclohexane series. 4-Amino- 
methylbicyclo [2.2.2]octane-l-acetic acid (14), found to 
have a relative potency of 17, again appears to parallel 
reported literature observations in the aromatic and 
cyclohexane series. I n  the aromatic series, p-amino- 
methylphenylacetic acid was found to be active but 
less so than p-aminomethylbenzoic acid, and in the 
cyclohexane series, 4aminomethylcyclohexaneacetic 
acid, of uncertain isomer composition, is reported to be 
active, but less so than trans-4-aminome t hylcyclohex- 
anecarboxylic acid (3).9 I n  all series, increased dis- 
tances between functional groups and the greater num- 
ber of possible conforniations probably are important 
factors in determining observed activity. 

Other authors have observed previously that sub- 
stitution of an amino group or esterification of a car- 
boxyl group in amino acids eliminates i n  vitro anti- 
fibrinolytic activiby. Similarly, we have found that 
N-acylation, N-methylation, and esterification of 7 all 
eliminated i ) ~  vitro activity completely (15a through 

Two other types of molecules were investigated as 
“supports” for NH, and CO,H groups as discussed 
above: (1) the cubane system, and ( 2 )  the spiro[3.3]- 
heptane system. We had observed, as have others, 
that C-C distances diagonally across the cubane struc- 
ture are very similar to those between bridgehead C’s 
in bicyclo [3.2.2]nonane or bicyclo [2.2.2]octane. For 
this reason, the novel amino acid 4-aminomethylcubane- 
l-carboxylic acid (16) was osynthesized, giving a CO,H- 
NH2CH2 distance of 5.76 -4, equal to that in the bicy- 
clo [3.2.2]nonane 5 and slightly greater than $hat ob- 
served in the bicyclo[2.2.2]octane 7, (5.67 A). The 
observed relative activity of the cubane amino acid 
was 5 ,  supporting again with an active compound the 
original concept of structural design. It is possible 
that the lower activity observed as compared, for ex- 
ample, with the bicyclo [3.2.2]nonane 5 may be a conse- 
quence of the protons protruding from the corners of 
the cube, giving greater steric hindrance to approach 
to a receptor than observed with bicyclic compounds. 
Two other cbmpounds, 6-aminomethylspiro [3.3]hep- 
tane-2-carboxylic acid (17) and 6-aminospiro [3.3]hep- 
tane-2-carboxylic acid (18) were foundo to be inactive. 
The distances involved (6.3 and 5.3 A,  respectively) 
appear to be considerably longer and shorter, respec- 
tively, than those found in active compounds; models 
also reveal considerably different steric and asymmetric 
features in the central hydrocarbon portion of these 
molecules. 

I n  summary, the approach described has produced 
novel amino acids possessing in vitro antifibrinolytic 
activity equal to or greater than that of known fibrin- 
olytic inhibitors. 4-,4minomethylbicyclo [2.2.2 ]octane- 
l-carboxylic acid (7), the most active of these, 
appears also 60 be a considerably more potent in vivo 
fibrinolytic inhibitor than those previously available. 
It appears to be well absorbed orally, is relatively non- 
toxic, and free of other undesirable pharmacological 
action. Preliminary biological work is described in 
another publication. 22 

Syntheses.-The preparation of the bridged amino 
acids listed in Table I involves multistep syntheses in 

15g). 
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l)i,tJp:irat1oIi ot the  a-branched lioniolog of 7,  4 - t ~  
~~mitiorthy1)bicj~elo [2.2.2 ]octaiie-l-crtrbox!.lic acid (1 1 ) .  
11 ;I' accomplished :is indicated in  Scheme IT. 

HCI H NOH 
('H C O e C 0 2 H  pvridine- 

11 

'rhe tI1rre Ion er  homologs \\.hlCh lael, th r  C T H :  Ill 
5 7. :tiid 17. ypecifically 6, 12, and 18, were prepnred 
b\ Hofm:inil degradation of amido e+ter intermediate, 
according to the method uhed b3 lioberts, et a1 , L i  

for the earlier preparation of 12. This involve' pro- 
duction of the iwcv:tnate and eth) 1 carbamate from 
thc prim:ri.j amide, tollowed b\ hnal hytlrolyvh of 
the carbamate to the  deiired amiiio acid (Schemr 1.). 

Scheme 1-1 outline- the himilar procedures u w l  tor 
tht. prepar:itioii 0 1  l-amir~obicjclo[%.2.2]octanr~-l-~~cr~- 
tic x i d  (13) :uid l-amiiiomc%hj Ibic) clo 1% 2.2]1oct:mt~- 
1-acetic acid (14) from their re5pective lower homologh 
12 and 7. Xmino acids 12 and 7 were first acylated for 
S-~)iotwtioi i3  thcii t1ir E i * t v a  ('02H eoiivtlrtril i i i t o  di:izo- 
I\iito iuiiction. b j  t l i c s  actioii of  SOC1, follo\vcd b j  C'I12-  
\ C'ultlu' rt'Metl0II oi diazo ketonr;. to g1vr 1+0- 



SCHEME v 
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cyanates and benzyl esters was accomplished at  170" 
with collidine in PhCH?OH. Final base, then acid 
hydrolysis produced the free amino acids 13 or 14. 

RCONHKH,),, +CH,CO,H - HCI 

H,N(cH,),, -@-CH~CO,H 

13, n =O; R = CH, 
14, n = 1; R = C,H5 

N-JIe, N-acyl, or ester derivatives of 4-aminomethyl- 
bicyclo [2.2.2]octane-l-carboxylic acid (7) (15a through 
15g, Table I) were prepared directly from the parent 
amino acid 7 by well-established literature procedures 
employed with many other amino acids. 

Experimental Section 
All melting points (uncorrected) were determined using a Uiii- 

;\Ielt Thomas-Hoover melting point apparatus. Where analyses 
are indicated only by symbols of the elements or functions, 
analytical results obt'ained for those elements or functions were 
within =t0.4% of theoretical values. Nmr spectra were deter- 
mined on a Varian A60-A Spectrometer and ir spectra on a 
Perkin-Elmer Model 11 AIS recording spectrophotometer. 

I. 4-Aminomethylbicyclo[2.2.1] heptane-1-carboxylic Acid (4) 
(See Scheme I). 4-Cyanobicyclo[2.2.1] heptane-1-carboxylic 
acid (19) was prepared in 8 steps essentially according t o  the pro- 
cedure reported by Wilcox and Leung.2' 
4-Aminomethylbicyclo [2.2.1] heptane-1-carboxylic Acid Hydro- 

chloride (4).-To 165 mg (1.0 mmole) of 4-cyanobicyclo[%.2.1]- 
heptane-1-carboxylic acid (19) dissolved in 20 ml of EtOH was 
added 8 ml of H20, 2.0 ml of 1.00 &V HC1, aiid 100 mg of PtO? 
catalyst (Engelhard 85%). The mixture was hydrogenated at 
2.46 kg/cm2 and room t,emp for 1 hr. After removal of the 
catalyst by filtration through sintered glass, the filtrate was 
evaporated in ZIUCUO at steam bath temperature, t'hen 3 times 
more with fresh portions of 955; EtOH. .4 white solid remained, 
nipd2.i5-25XD dec. The material was recryst'allized 3 times from 

EtOH-Et20 t o  give an analytical sample: mp 256-258" 
185 mg, no%,); tlc (si1 G )  3: 1:  1, BuOH-HOA4(:-H10, IL)I 0.39 

(iiiiihydriri, red or Iy); ir (KBr) ]GOO (COOH), 15G0, and 1510 
cni-' ("a+); iinir (UYO) 6 1.0-2.2, sharp central peak at 1.58 
(10, bicyclic ring), 3.14 ( 2 ,  CH&), and 4.57 ppm (4, COOH and 
XHa+ exchangeable protons). Anal. (C,H,:XO?.HCl) C, H, C1, 
s. 

11. 5-Aminomethylbicyclo[3.2.2] nonane-1-carboxylic Acid ( 5 )  

(27 )  c'. F. \Vileox, .Jr,,  and C. Leung, i b i d . ,  33,  8 i 7  (1968). 

(See Scheme I). Diethyl 6,8-dioxobicyclo[3.2.2]nonane-1,5- 
dicarboxylate (20) was prepared essentially as described in the 
literature.28 Before use, the product was dried overnight a t  30" 
in UUCUO, mp 130.3-133' (reportedJ28 13%'). 
Diethyl 6,8-bis(ethylenedithio)bicyclo[3.2.2] nonane-1,5-dicar- 

boxylate (21) was prepared from the diketo diester 20, 1,Z-ethane- 
dithiol, aiid BF3-Et20 according t o  the procedure employed by 
Roberts, et ~ 1 . , ~ 3  for the analogous bicyclo[2.2.2]octane deriva- 
tive. The product, obtained in 63% yield, was recryst,allized 
from abs EtOH, then from hexane; needles, mp 101-103.5'. 
.4nal. (C10H2808,) H, S: C:  calcd, 50.86; found, 51.47. 
Diethyl bicyclo[3.2.2]nonane-1,5-dicarboxylate (22) was pre- 

pared in  approximarely 80% yield by deslilfiirization of the bis- 
thioketal 21 in refliixiiig EtOH with active Raney Xi, again fol- 
lowiiig a procedure aescribed by Koberts, et for the bicyclo- 
[2.2.2]octane series. The product was a colorless liquid, bp 
142-143" (0.S nim). -4nal. (Cl:H&4) H ;  C: calcd, 67.13; 
foinid, 68.04. Glc of the anal?-tical material indicated the 
presence of a minor contamiiiarit (5c;  or less, not removable by 
distillation). However, this material proved of purity sufficient 
for use in the preparation of 23. 
Ethyl hydrogen bicyclo [3.2.2] nonane-l,5-dicarboxylate (23) 

was obtaiiied in 62% yield by sapotdicatioii of the diester 22 with 
1 mole of YaOH in aq EtOH, as described by Roberts, el a / . , 2 3  
for the corresponding bicyclo[%.2.2]octane compounds. 111 
addition, 16% of the starting diester was recovered by extraction 
with Et20 from a basic aq layer. The desired product was 
separat,ed from a small amontit of t'he corresponding diacid 
(6..i% recovered) by column chromatography on silica gel 
(CHC13 eluent). The debired monoacid monoester 23 was 
recrystallized from hexane (Dry Ice-lle?CO), then sublimed, mp 
53.q5-5,50. 
Ethyl 5-carbamoylbicyclo[3.2.2] nonane-1-carboxylate (24) was 

prepared from the monoacid morioe,qter 23 by the mixed aiihy- 
dride procedure (ethyl chloroformate aiid aiihydrotis SHy) 
developed by Robert.s, et ~ 1 . ~ 2 3  for corresponding compounda iii 
the bicyclo[2.2.2]octatie series (Scheme I). The amide ester 24, 
mp 83..5-83", was obtained in 71.6% yield (needles from C6H6- 
hexane). 
Ethyl 5-cyanobicyclo[3.2.2]nonane-l-carboxylate (25), an oil3 

was prepared in 86% yield by dehydration of the amide ester 24 
with POCI, in C1CH2CH2C1, according to  the method employed 
by Roberts, et a1.,23 in the bicyclo[2.2.2]octane series (Scheme I). 
The material was showi t o  be homogeneous by tlc, possessed the 
expected ir absorptions, and was saponified directly without 
further purificat'ion. 
5-Cyanobicyclo[3.2.2] nonane-1-carboxylic acid (26) w a s  ob- 

tained in s i %  yield by saponificatioii of the cyaiio ester 25, again 
usiiig the procedure of Roberts, et U Z . , ~ ~  (Scheme I). The product 

Anal. (C13H2001) H ;  C:  calcd, 64.W; found, 65.41. 

dnal.  (C13HPI?;OPj C, H, N. 

- -  
was recrystallized from CsHs for analysis, mp 186-188". .-lna/. 
( C I I H I S O ~ )  C. H. N. , ~~ .. . 

5-Aminomethylbicyclo[3.2.2] nonane-1-carboxylic Acid Hydro- 
chloride (5).-The cyano acid 26 was reduced over P t  in aq EtOH 
containing HC1 as described above for the production of 4. The 
crude white hydrochloride (5), mp 286-289" was recrystallized 
from 95% EtOH-EtaO: mp 291.5-293' der (yield, 81%); t lc  
(si1 G )  3 :  1: 1, BLIOH-HOAC-H~O, R f  0.69 (ninhydrin, pink); 
nmr ( I l 2 0 )  6 1.3-2.2 with sharp peaks at 1.73, 1.80, aiid 1.9.5 
(14, bridged ring), axid 2.X7 ppm (s, 2, CHQ?J); equiv wt calcd 
233.75, found 264.33; pK1 4.8, pK2 10.0 (H20). -4nal. (GI- 

111. 5-Aminobicyclo[3.2.2]nonane-l-carboxylic Acid (6)  (See 
Scheme V). Ethyl 5-(N-carboethoxy)aminobicyclo[3.2.2] nonane- 
1-carboxylate (27) was prepared in 83% crude yield from the 
amide ester 24, following the Hofmann degradation procedure 
employed by Roberts, et in the bicyclo[2.2.2]octane series 
(ree Scheme V). The urethane ester 27, a liquid, t lc  (si1 G )  
9 :  1, C6H6-~[eOH, R, 0.9, was hydrolyzed to the amino acid 
without further purification. 
5-Aminobicyclo 13.2.21 nonane-1 -carboxylic Acid (6).--To O.$)S 

g (3.28 mmoles) of criide 27 was added 20 ml of concd HC1 aud the 
mistiire refliixed f i l l .  8 hr. Filtration removed a small qiiatitity of 
amorphoiis solid. 1':vaporatinii i n  tvxuo gave a pale yellow d i d .  

HioNOI.HC1) C, H, CI, N. 

allized flom 05(;; EtOI4-Et2O, giving a c y  

e, nip 259-261" (0.42 g, 5 x 5 ) .  Becai 
difficulty in removing one minor impurity, t,he material was 
converted into the free amino acid by passage of R solution in H,O 
through it coliiniii of Ihwex-1 acet:rte. The free aniinii :wid 

(28) P. C. Giilia, Ciiem. Ber. ,  71, 1359 (1939). 
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(11) (See Scheme IV). 4-Carbomethoxybicyclo[2.2.2]oct-2-ene- 
1-carbonyl Chloride (37).-A solution of 5.0 g (0.024 mole) of 
methyl hydrogen bicyclo 12.2.21 oct-2-ene-l,4-dicarboxylateZ6 in 
20 ml of HOC12 was heated to reflux for 3 hr. After removal of the 
excess HOC1, in uucuo, then reevaporation with several portions 
( i f  hexatie, the resulting material was distilled in vacuo, affording 
,-).3 g (977; ) of a colorless liquid, bp 97-98" (7.0 mm). 

4-Acetylbicyclo [2.2.2] oct-2-ene-1-carboxylic Acid (38).--h mix- 
t lire of 0.$% g (0.017 g-atom) of M g  turnings, 2 ml of dry CsH6, and 
0.1 ml of abs EtOH was heated to reflux until the dissolution of 
the 11g began. To this was added, over 30 min, a mixture of 
2.72 g (0.017 mole) of diethyl malonate, 0.7 ml of abs EtOH, 
and 3 nil of C&. After 3 hr at  reflux, all the Mg had dissolved. 
The Et OH was theu removed by azeotropic distillation with 
fresh portions of C6H6, the volume brought to aboirt 5 ml with 
C6H6, and it solution of 3.43 g (0.015 mole) of 37 iti 5 nil CsHs 
was added at reflux over a 30-niin period. After a11 additioiial 
3.5 hr at reflux, the viwoiis mixtLire was poiired into 100 g of ice 
and 50 ml of 6 .V IICI. The combined CeH6 extracth, after 
washing (H&) and drying (JlgSO,), afforded 4.5 g of a colorless 
liquid, an ir spectrum of which exhibited 110 COCl absorption. 
This triester was hydrolyzed directly without purification by 
refluxing for 16 hr with a mixture of 25 ml of HOAc arid 25 ml of 
concd HCI. Evaporation left 1.83 g (63Yc) of a white solid, 
which was chromatographed on silica gel (CHC18 eluent) to 
~'emove a minor slower moving impurity. The chromatographed 
material was recrystallized from C6H6-hexane, giving a white 
solid: mp 16.5.5-168'; tlc (si1 G )  85:  13, C~HO-E~OAC, Rf 0.3 
(12); iimr (CI>Cl,) 6 1.1-2.2 (m, 8, ring CHt), 2.23 ( 8 ,  3, CHzCO), 
6.56 (s, 2, CH=CH), and about 11 ppm (broad, 1, COOH). 

4-(~-Oximinoethyl)bicyclo[2.2.2]oct-2-ene-l-carboxylic Acid 
(39).--h mixture of 0.52 g (i.5 mmoles) of HjSOH.HC1, 3 ml of 
abs EtOH, and 3 ml of pyridiiie was refliixed on a steam bath for 
5 min. To this was added 0.40 g (2 .5  mmoles) of the keto acid 38. 
After 3 hr at refliix, most of the solvent was removed i n  t 'acz~o,  
then the residue stirred with 30 ml of cold 3 A\- HC1. The result- 
ing crystalline solid was collected, u-aahed with HzO, and air 
dried (0.44 g, 855:). The material m-as recrystallized from 95Yc 
EtOH or EtOAc, mp 243-247". 
4-(a-Aminoethyl)bicyclo[2.2.2] octane-1-carboxylic Acid.HC1 

(ll).-To a solution of 270 nig (1.29 mmoles) of 39 in 50 ml of 
90Yc EtOH was added 0.5 ml of 6.0 iY €IC1 and 50 mg of PtOr. 
The mixture was shaken at 2.11 kgicmz and 23' for 3 hr. Filtra- 
tion and evaporation left a white solid which was recrystallized 
from 9,5(;; EtOH-Et,O, wt, 240 mg (SOTc). The material was 
dried for analysis at 110' in vacuo: mp 313.5-315" dec; tlc 
(si1 G )  3: 1: 1, BuOH-HOAc-H,O, K f  0.57 (ninhydrin, pink); nmr 
(D20) 6 1.13 (d, J = 7 Hz, 3, CH,), 1.2-2.0 with sharp peaks at 
1.55 and 1.66 (12, ring CH,), and 3.08 ppm (4, J = 7 Hz, 1, 
CHN j ;  ir (KBr)  1680-(COOH) and 1606 cm-'-(SHa+). Anal.  
IC,IHisSOa.HCl) C. H. C1. S. , .. .. 

IX. 4-Aminobicyclo[2.2.2] octane-1-acetic Acid (13) (See 
Scheme VI).  4-Acetamidobicyclo [2.2.2] octane-1-carboxylic Acid 
(40).-To 0.58 g (2.8 mmoler) of 4-amiiiobicyclo [2.2.2] octane-l- 
carboxylic acid. HCI (12)23 dissolved in 5 ml of H2O was added 
7.0 ml of 2.0 -V XaOH. To this was added with stirring (0") 
3 ml of AcnO. After 30-min acidification with HC1 gave a white 
solid which was recrystallized from hot HrO, then dried in uucuo 
over PtOj: mp 268.3-270'; 0.40 g (6gfX); tlc (si1 G )  90:23:4, 
C6H6-dioxalte-IIO.~c, Ifi O.:3(J (Ii2Sjo4 char); ir (Niijol) 1610 
(CONH), 1690 (COOIJ), and 8300 cn1-I (NH) .  
4-Acetamidobicyclo[2.2.2]octane-l-carbonyl Chloride (41 ).- 

A suspeiixion of 0,:{1 g (1.47 mmoles) of 40 atid 1.0 ml of SOCl, iri 
10 ml of piire dry dioxaiie was refliixed for 2 hr. Evaporation of 
the clear boliitioii in V ~ C Z L O ,  reevaporatioii ivith several portions of 
dry C6H6, aiid finally dryiiig in. cacuo left a yellow oil which was 
iised ivithoiit flirther piirification. 

4-Acetamidobicyclo[2.2.2] octane-1-acetic Acid (42).-The 
c~ i i de  acid chloride 41 from 1.70 g (8.1 mmoleh) of the cor1,espoitd- 
iitg acid 40 was dissolved i i t  50 nil of dry fi;l9O. T o  this soliilioii 
a t  -5' was added dropwise over 30 niiti a11 Et20 soliition of 
CHZXZ (25 mmoles). Evaporation of the E t &  at 25" left a yellow 
solid; ir (CHC13) 2120 em-' (COCHS,). This material was 
added in small portions to a stirred mixture of 10 ml of dry 
PhCHrOH and 10 ml of distilled collidine at  175' over a l0-min 
period, then heated an extra 5 min. The resulting brown solu- 
t ion was diluted with 100 nil o f  KtO.\r, theti washed (1 .V IICI, 
1i2O))  and the extracts dt,ied ( l Ig80r ) .  The filtered solution was 
distilled in t'ucuo to remove Et0.h and excess PhCH?OH. The 
resulting brown oil was dissolved in a mixture of 3 ml of abs 
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EtOH and 5 ml of THF,  5.0 ml of 2.0 S S a O H  was added and 
the mixture stirred at 25" overnight. After dilution of the reac- 
t,ion mixture with 23 ml of H20 and extraction with EtOAc, the aq 
layer was acidified with 6 A' HC1 and the resulting oil extracted 
into CHCl, and dried (3lgSOa). Evaporation of the extracts 
and trituration with MeCX afforded a white solid, mp 235-240" 
(420 mg). Because of the small quantity available the material 
was hydrolyzed directly without further purification. 

4-Aminobicyclo[2.2.2] octane-1-acetic Acid .HCl (13).-A 
mixture of 420 mg (1.87 mmoles) of 42 and 10 ml of 6 A' HCI was 
refliixed for 16 hr, then cooled, aitd extracted with several portions 
of EtOAc. Evaporation of the aq layer afforded a pale yellow 
solid which was triturated with i-PrOH. chilled, and the solid 
collected by filtration. Three recrystallizations from EtOH- 
Et,O gave a white solid (105 nig) of constant mp 227-230": 
tlc (si1 G )  3:  1:  1, BitOH-HO.Lc-H20, h'f 0.60 (ninhydrin, pink); 
timr (l>,O) 6 1.5-1.9 with sharp peaks rtt 1.67 and 1.80 (12, ring), 
and 2.12 ppm ( 5 ,  2, CHICOOH). The compound was dried at  
110' in uucuo for analysis. Ana/ .  (CloHliN02.HC1) C, H, S.  

X. 4-Aminomethylbicyclo[2.2.2] octane-1-acetic Acid .HCI 
(14) (See Scheme VI). 4-Benzamidomethylbicyclo[2.2.2] octane- 
1-carbonyl chloride (43) was prepared from the corresponding 
acid 15b following the procedure outlined for 41. The solid 
product 43, after drying in vucuo over P20e, was used for reaction 
with CH,S2 without further purification. 

(4-Benzamidomethylbicyclo[2.2.2] oet-1-y1)diazomethyl ketone 
(44) was prepared essentially by the procedure described above 
for the diazo ketone precursor of 42. The diazo ketone was an 
oily solid; ir (CHC1,) 2100 em-' (COCHN,), free of COCl 
absorption at  1725 cm-'. 
4-Benzamidomethylbicyclo (2.2.21 octane-1-acetic acid (45) was 

prepared from 44 in the manner described for 42. The oily prod- 
iict was purified by coliimn chromatography (silica gel, C6Hs- 
EtOA4c eluent) but could not be obtained crystalline (yield from 
15b, 700 mg, 2 3 5 ) :  tlc (Fluor si1 G j  90:35:4, CsHs-TIIF- 
H0.4cJ Iff 0.66; nmr (CI)C13) 6 1.2-1.8 with sharp peak at 1.52 
(12, ring), 2.13 (s, J = 5 Hz, 2,  C H G I O H ) ,  3.21 (d, J = 7 Hz, 
2, CH2S) ,  6.1-6.4 (broad, 1, S H ) ,  and 7.2-8.0 ppm (m, broad, 
3 ,  C6H5). The material was hydrolyzed directly without further 
purificatioii to the amino acid 14. 
4-Aminomethylbicyclo[2.2.2] octane-1-acetic Acid 'HCI (141.- 

T o  io0 mg (2.3 mmoles) of amide acid 45 v a s  added 20 ml of 
concd HC1 and 20 ml of HOAc and the mixt,ure was refluxed 
overnight. After removal of the solvents in vacuo, 50 ml of 
H 2 0  was added and the solution extracted thoroughly with 
Et?O. Evaporation of the aq layer left a white solid: mp 
254-260'; yield 388 mg (72%). Recrystallization from EtOH- 
Et,O gave analytically pure material: mp 256.3-260"; tlc 
(si1 G )  3 : l :  1, 13uOH-HOAc-Hz0, Rf 0.50 (ninhydrin, pink); 
iimr (D20) 6 1.30 (s, 8, ring), 2.17 (b, 2, CHrCOOH), 2.76 (s, 2 ,  
CHrS) ,  and 4.6% ppm (s, 4, exchangeable protous). Anal.  

Amino and Carboxyl Derivatives of 4-Aminomethylbicy- 
clo [2.2.2] octane-1 -carboxylic Acid (7). 4-Acetamidomethylbi- 
cyclo[2.2.2]octane-l-carboxylic acid (15a) was prepared in 91.6% 
yield by treatment of ati alkaline aq solution of 7 'HC1 with AczO 
at  0". The solid product was recrystallized from MeCS:  mp 
223-226"; nmr (CF,,C02H) 6 1.3-2.2 with sharp peaks at 1.70 
mid 1.88 (12, riiig), 2.5S (s, 3, CH,CO), and 3.38 ppm (d, 2,  J = 
6 I l z ,  C H 2 S ) ;  it, (KBr)  1600 (COKH), 1680 (COOH), atid 3360 

4-Benzamidomethylbicyclo[2.2.2]octane-l-carboxylic acid 
(15b) was prepared iti 89(;; yield ft,om 7 . HC1 and PhCOC1 under 
well knoivn Srhotteti-Baiimann conditioiis. The prodllct was 
recrystallized from C6H6-AleC?;: mp 179.3-181'; nmr ( C F r  
C02H)  6 0.9-1.8 with sharp peaks a t  1.28 and 1.40 (12, ring), 
3.03 (d, J = 6 Hz, 2,  CH&)) 7.0-7.5 (m, complex, 3, CeH:) and 
7.4-8.0 ppm (broad, 1, X H ) ;  ir (KBr) 1640 (COSH),  1680 
(COOH), and 3X80 c ~ n - ~  (XH).  

4-(p-Tolylsulfonamidomethyl)bicyclo [2.2.21 octane-1 -carbox- 
ylic acid (15c)wasprepared from 7.HC1 atid'rsel iuiderSrhntten-- 
Baumarin conditions (yield, 687c). The product was recrystal- 
lized from 95yc EtOH: mp 263-265'; tlc (Fluor si1 G )  90:25:4, 
C6Hs-dioxane-HOAc, Rf 0.60; ir (KBr) 1160 and 1330 (So txH) ,  
1690 (COOH), and 3260 cm-' (NH). Anal.  (CI,H&O,S) 
C, H, T, S. 

4-~.\-~-Tolylsulfonyl-.~-methylaminomethyl)bicy~l0 (2.2.21 OC- 
tane-1-carboxylic acid (15d) \vas prepared i l l  407; yield by  treat- 
ment of a soliitioii of 0.51 g (1.5 mnloler) of 15c in 10 nil of 2.0 S 
XaOH with XIeI (1.5 g)  in a sealed tube a t  65' for 3 hr. Evapo- 

(CitHigSOz.HC1) C, H, C1, X. 
XI. 

ct1i-l CSI1) .  Arid. (Cj2HigIXO:t) C, H,  S.  

Anal.  (CliHntNOi) C, I f ,  ?;. 





Method B. Inhibition of Chemically Induced Lysis of a Pre- 
formed Plasma Clot.-The clot,s were prepared from human 
plasma containing lz~I-labeled human fibrinogen by the addition 
of CaClp and bovine thrombin. After thorough washing to 
remove loosely bound radioactivity, fibrinolysis was initiated by 
the addition of c-thymotic acid (6-methyl-3-isopropylsalicylic 
acid) to the suspending medium and was measured by the release 
of radioactivity into the medium. Lysis was prevented if an 
aiitifibrinolytic compound was present in the ambient solution. 
Illhibition of the release of radioactivity from the plasma clot 
into the ambient solution is directly proport,ional to inhibition 
( i f  lysis. From these data, the relative potency of the anti- 
fibrinolytic compound was calculated. 
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Several Schiff bases from different benzaldehyde nitrogen mustards and amines such as 4-(p-aminophenyl)- 
2,5-disubstitut,ed-thiazoles and 4-[(4'-amino-2'-chloro)phenyl]-2-~1~bstitut~ed-thiazoles have been synthesized 
and screened for ant,itumor activity. Many of the compounds displayed significant activity against I, 1210 
lymphoid leukemia, Walker 256 (intramuscular), and Ilunning leukemia (solid). 

The nonspecific cytotoxic effect of the K mustards 
has limited their use in the chemotherapy of cancer. 
The concept of "latent activity" v-hereby the drug is so 
designed as to be inactive p e r  se but gets modified into 
an active form by processes taking place in the target 
cells has been very fruitful in the search for better 
antitumor agents. Ross and coworkers2 synthesized 
azomustards while Popp3 studied several Schiff bases of 
benzaldehyde S mustards and found them active 
enough in an experiniental tumor system to merit 
clinical trials. Following this lead we have reported4 
in an earlier communication the synthesis and study of 
Schiff bases from substituted benzaldehyde S mustards 
arid various arylamines. A number of compounds 
from this series displayed significant activity against 
Dunning leukemia (solid), lymphoid leukemia (L-1210), 
and Walker carcinosarcoma 236 (intramuscular). The 
wbstituent on the benzaldehyde S mustard greatly 
influenced the activity and specificity and the presence 
of a halogen in the ineta pobition of the arylamine in- 
duced activity of a high order. Another significant 
observation in our earlier work was that among aryl- 
amines, the 4-(p-aminophenyl) thiazoles afforded more 
active Schiff bases. I n  view of these findings the work 
has now been extended and Schiff bases of structure I 
from substituted benzaldehyde IY mustards and 
various 4-(p-aminophenyl)thiazoles have been pre- 
pared arid screened to  study the role of difTerent sub- 
stituenth in the molecule. 

(1) (a) Government of India Research Scholar. (b) T o  whom com- 
munications regarding this paper should be addressed. 

(2) (a) W, C. J. Ross and G .  P. Warwick, J .  C h e m .  Soc., 1364, 1719, 1724 
(1Y56); (b) T. .i. Connors and W. C .  J. Ross, C h e m .  Ind. ( L o n d o n ) ,  492 
(1960). 

(3) (a) F. D. Popp, J .  Ore. C h e m . ,  26, 1666 (1961); (b) F. D. Popp and 
TI - .  Kirsh, ibid.. 26, 3855 (1961); (c) F. D. Popp, S. Roth,  and J. Kirby, 
. I .  . ] l e d .  C h e m . .  6, 83 (1963): (d) F. D. Popp, ibid. ,  7 ,  210 (1964). 
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X = Me and H 
Y = C1 and H 

It = 31J PhCH2, PhOCHz 0- or p-toluoxy- 
methyl, Ph, p-MePh, p-lfeOPh, aridp-C1Ph 
R, = H, OMe, Me, and F 
11, = H,  0Me and OEt 
R8 = H and OhIe 

Chemistry.-The general method adopted for the 
preparation of Schiff bases, v iz . ,  heating a mixture of 
t8he amine and aldehyde in EtOH, though successful in 
cert,ain cases n-as not particularly useful when the alde- 
hyde n-as a liquid. I n  such cases the resulting com- 
pounds were invariably viscous oils which could not be 
induced to crystallize. I n  a few cases the modified 
method recommended by Tipson and Clappj involving 
heating under reflux a mixture of amine and aldehyde in 
PhMe containing a few drops of piperidine was tried. 
The procedure, though successful when carried out with 
smaller amounts did not give pure products in larger 
quantities. The most suitable method found in the 
present work was the heating of pure amine hydro- 
chloride with mustard aldehyde in E tOKf i  I n  a short 
time the highly colored hydrochloride of the Schiff base 
separated out and the product was invariably found to 
he analytically pure with yields varying between 60 and 
'io% (Table I). 

The required aldehyde mustards were prepared by 
hydroxgethylatiori of various anilines with ethylene 
oxide' and then treating the products with POCI, 
in DT\IF.8 The requisite 4-(p-aminophenyl) thiazoles 

( 5 )  R. S. Tipson and AI. A .  Clapp, J .  O w .  C h e m . ,  11, 292 (1946). 
(6) AL. AI.  Sprung. Chem. Re?., 26, 324 (1940). 
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(8 )  R. H. Wiley and G .  Irick, { h i d . ,  26, 593 (1961). 


