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Several potent new inhibitors of the fibrinolytic process have been designed and synthesized. Starting with 
the structure-activity relationships for known synthetic fibrinolytic inhibitors, the design of new compounds 
proceeded on the assumption that an optimum distance between functional carboxyl and amino groups in syn­
thetic amino acids would give maximum antifibrinolytic activity. The desired spacing of amino and carboxyl 
groups at definite and fixed distances from each other was achieved in a series of bridgehead-substituted amino 
acids with rigid bicyclic or polycyclic nuclei, such as the bicyclo[2.2.2|octane, bicyclo [2.2.1] heptane, bicyclo-
[3.2.2]nonane, cubane, or spiro[3.3]heptane nucleus. In particular, a high order of activity was achieved with 
4-aminomethylbicyclo[2.2.2]octane-l-carboxylic acid (7) and certain of its analogs. This paper reports the 
synthetic details, biological activities, and structure activity relationships. 

Ill recent years, there has been considerable interest 
in the fibrinolytic process and both its activation and 
inhibition by chemical agents.1"7 Our interest in 
inhibitors of fibrinolysis was stimulated by the lack of 
complete chemical exploration in this area, the desire 
for more potent and improved agents and the probable 
clinical utility of an improved agent for the t rea tment 
of certain pathological fibrinolytic states.8 

The structural requirements for known synthetic 
inhibitors of fibrinolysis have been reported rather 
extensively, although by no means exhaustively, in 
the chemical and biological literature. 1 A 7 ' s , - n At 
least 3 compounds, all similar amino acids, have re­
ceived considerable biological and clinical study. These 
are e-aminocaproic acid (EACA) (l) ,8 p-aminomethyl-
benzoic acid (PAMBA) (2).1 2-"1 and //•a/(,s-4-amino-
methylcyclohexanecarboxylic acid (A.AICA) (3).17"-1 

These compounds, listed in increasing order of potency, 
are thought to inhibit fibrinolysis primarily by pre­
vention of the conversion of plasminogen into the pro-
teolytically active enzyme(s) plasmin (fibrinolysin), 

i l ) W. Ba i tmgar ten in "Chemica l C'onlrol of Fibr inolys is ," -I. Sclior. F i t . 
Wiley. New York, X. Y., in press. W. B a u m g a r t e n . 155th Xa t iona l M e e t i n g 
of the Amer ican Chemical Society, San Francisco, Calif.. April 1968. 22X, 

(2) K. X. von Kaulia , " C h e m i s t r y of Th rombo lys i s : H u m a n Fibr ino­
lytic Fnz,\ m e s , " Char les C. T h o m a s , Springfield, 111., 1963, 

(31 X. K. Sakar , / ' roc. Int. Cong. Biochem.. 4th. 1058, 10, 1 b'.i Hit.")!)). 
(4) S. O k a m o t o , Keio ./. Med., 8, 211 (1959). 
(5) X. Hack. Ed. , Ann. AM' . Acad. Sri.. 146, 363 (11)68). 
(ti) S. Miillerlz, I'ror. Sor. Exp. Biol. Med., 85, 326 (195-1). 
!7) A. Sjoerdsma and I. M. Xilsson, >'/<i'd., 103, 533 ( I960) , 
(8) 1. M, Xilsson, I., Andersson, and S, 10. Bjdrkman, Acta Med. Srnnd. 

Suppl., 448, 1 (1966). 
19) K. Lohmann , F. M a r k w a r d t . and H, I . andmann , Throml>. IHntli. 

Iltiemnrrli.. 10, 424 (1964). 
110) S, O k a m o t o . S. Oshiba , 11. M i ha ra , and I". O k a m o t o , Ann. X. Y. Acad. 

Sri.. 146, 414 (1968). 
(11) I.. Skoza, A. <). Tse, M. Semar . and A. .1. Johnson , laid.. 146, 659 

i l i l l i S i . 

( 12) K. Lohmann , F, M a r k w a r d t , and II. I . andmann , Xatunvis.<en*cl<nf-
Itn, 50, 502 (1963). 

13) F. M a r k w a r d t , K. O. l l aus te in , ami 11. 1>. Kldckiiijz, Arrh. Int. 
I'linrmiicodi/n. riier.. 152, 22:i (1964), 

i l t i F. M a r k w a r d t and M, Ricli ter . Arln Biol. Med. Ger., 13, 719 (1964). 
(15) V. M a r k w a r d t and 11. P . Kldckinjr. iliid., 14, 519 (1965). 
'. 16) II. I . andmann , F. M a r k w a r d t , II . G. Kazmi rowsk i . and P, Xeu land , 

IIop)>e-Sei/ltr's Z. I'l,:,siol. Chem., 348, 745 (1967). 
(17) S, O k a m o t o , S. Sato, H. Ha tano , and 1'. O k a m o t o , I'ror. Co/igr. 

Int. Sor. Iloemotol., <>th. 196Z 265 (1964). 
(18) K. Y a m a m o t o and II. H a t a n o , Keio .1. Med.. 14, 99 (1965), 
(19) A. 11. C. Dubber , ( i . P. McXicol . and A. S. Douglas , Brit. J. Iloe­

motol.. 11, 237 (1965). 
(20) B. Melander , (1. C.liniecki, B, C r a n s l r a n d , and C. Ihnisliofl. .1.'/., ' 

I'lmrmnrnl. Toiirol.. 22, 840 (1965). 
(21) L. Andersson, I. M. Xilsson, J, 10. Xilt 'hn. U. Hedner , B. Granst ranci , 

and It. Melander . Saind, ./. Haematol., 2, 230 (1965). 

a process accomplished by natural plasma activators 
of unknown structure. This natural activation of 
plasminogen to plasmin can be simulated artificially by 
the use of the enzymes streptokinase or urokinase.'•'-' 
In both in vitro and in vivo tests, the action of strepto­
kinase or urokinase may be inhibited with any of the •'-> 
chemical agents mentioned above. Clinical effective­
ness appears to parallel relative potencies of synthetic 
agents observed in these artificial test systems. The 
biological data supporting the chemistry and structure 
activity relationships which will be discussed below are 
dependent upon the development of two statistically 
reliable in vitro test procedures which enable rating of 
the compounds in terms of potency (on a molar basis) 
relative to a standard of e-aminocaproic acid (EACA). 
assigned a value of unity. The two ;'// vitro assay pro­
cedures employed are identified as methods A and B. 
These methods are described briefly in the Experimental 
Section of this paper and in greater detail elsewhere.'22 

The structures and relative antifibrinolytic activities 
of the known agents mentioned above are listed in 
Table I. part A. 

Factors in the Design of New Agents. The primary 
structural requirement for activity appears to be a free 
amino for aminomethyl) group and a free C 0 2 H appro­
priately separated in a molecule.'A7.9"11 Although the 
molecule e-aminocaproic acid (EACA) (1) is flexible 
and can exist in many conformations, it has been known 
for some time that in a series of homologous unbranched 
terminal amino acids it exhibits maximum activity.1" 
Adding some rigidity to this molecule by incorporation 
of E A C H . , and C O T ! into the para positions of a ben­
zene ring (Table 1. 2) or the 1,4 positions of a cyclohex-
ane ring (3) decreases markedly the possible conforma­
tions of the molecules and fixes considerably earboxyl-
amino distances. Disregarding the change in the acid 
strength (pAr

a) of the C0 2 H in 2, and its possible con­
tribution to activity, this incorporation of the benzene 
nucleus has increased activity nearly fourfold relative 
to EACA. fixing of the same groups in the traits di-
equatorial configuration on the 1 and 4 positions of a 
cyclohexane ring caused a further increase in activity to 
a relative potency of 10 (A.MCA. 3); however, the r/.s 
isomer of this compound. 3a, is reported to be inactive 
or much less active than the standard EACA."1"""" 
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Comparison of models of 2 and 3 indicates similar 
H2X-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 CO2H and the C 
to which the XH2 is attached. This distance has been 
chosen rather than H2X-C02H distances, because in 
structures such as 3, rotation of the amino group results 
in a variable CO2H-./VH2 distance. The figures in 
Table I thus represent better an average value for pur­
poses of comparing one molecule with another. As 
indicated in Table I, this distance is 5.87 A for 2, 5.82 
A for 3, and 4.6 A for the cis isomer of 3 (3a). Since 
3a was inactive and 1 through 3 exhibited activity, and 
since it was known, along with other structure-activity 
relationships, that X substitution or esterification of 
C02H eliminates activity, at least in vitro, we proceeded 
on the assumption that an optimum distance between 
free XH2 and free C02H in active synthetic amino acids 
might not yet have been achieved; that is, we assumed, 
as have others,11 that XH2 and C02H 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 H2X"-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 XH2 and C02H 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 Jheptanes, bicyclo [2.2.2 ]octanes, bicyclo-
[3.2.2 Jnonanes, 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 trans isomer of 4-
aminomethylcyclohexanecarboxylic acid (AAICA, 3), 
the most effective fibrinolytic inhibitor previously 
reported. 

Structure-Activity Relationships.—An interesting 
group of three novel bicyclic amino acids resulted from 
the addition of a Ci, C2, or C3 bridge across the 1,4 posi­
tions of the cyclohexane ring of 3, locking the ring into a 
boat conformation. The resulting rigid and symmetri­
cal molecules 4, 5, and 7, with bridgehead substituents 
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
clohexane and aromatic compounds. The distances 
are 5.34 A for 4-aminomethylbicyclo [2.2.1 ]heptane-l-
carboxylic acid (4), 5.67 A for the bicyclo[2.2.2Joctane 
analog (7), and 5.76 A for the bicyclo [3.2.2jnonane 
analog (5). Resulting activities measured in vitro 
were 5, 103, and 19, respectively. 

The highly active compound 4-aminomethylbicy­
clo [2.2.2]octane-l-carboxylic acid (7) presents func­
tional groups fixed 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 Jnonane 
derivative 5 spreads functional groups slightly apart 
relative to 7, the bonds at the bridgehead positions are 
no longer colinear, and an extra C in one bridge may 
offer some steric hindrance to receptor interaction not 
seen in 7. These factors may account for the decreased 
activity observed for 5. In the case of the bicyclo-
[2.2.1 Jheptane derivative 4, the distance between func­
tional groups is shortened as indicated; moreover, bonds 
at the bridgehead positions are again not colinear, but 
bent slightly upward, resulting in variable C02H-XH2 

distances as these groups are rotated. Apparently in 
the bicycloheptane 4, the considerably reduced distance 
between functional groups is much shorter 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. 

Two compounds were prepared in which the H2-
XCH2 group of 5 or 7 is replaced by XH2 attached di­
rectly to the bridgehead position; i.e., 5-aminobicyclo-
[3.2.2 ]nonane-l-carboxylic acid (6) and 4-aminobicy-
clo[2.2.2]octane-l-carboxylic acid (12). Compound 12 
has been reported previously by Roberts, et al.n Both 
compounds were found to be inactive, an observation 
which may result from the greatly shortened distances 
involved (4.22 and 4.13 A). However, an examination 
of models also indicates that a bridgehead XH2 group 
which protrudes straight out from the bicyclic nucleus 
would in addition be severely hindered in attachment 
to a receptor surface if the C02H were associated with 
this surface in some manner at the same time. In con­
trast, H2XCH2 substitution can allow greater flexibility 
and freedom to associate with a receptor molecule. 

It might be noted here that similar shortening of the 
C chain in unbranched amino acids (or in p-aminoben-
zoic acid or 4-aminocyclohexanecarboxylic acid) has 
also been reported to decrease or eliminate activity.9 

However, in the aromatic series, the basicity of the 
XH2 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-aminomethylbicy­
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. This perhaps 
may be rationalized by a slight distortion of the nucleus 
by the double bond, spreading of the bridgehead C 
atoms and slight lengthening of the distances between 
functional groupsb This results in an X~H2-C to C02H 
distance of 5.76 A and is based upon calculations re­
ported in 1967 by Baker, et al., for an untwisted bridge 
structure.24 Also, the slightly increased protrusion 
of the two resulting 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 and 9.7 for the unsaturated amino acid 
8 and 4.6 and 9.9 for the saturated amino acid 7; that is, 
unsaturation decreased the pK of the CO2H by roughly 
1 pK unit. Bulky substituents at the 2 and 5 positions 

(23) J. D. Roberts, W. T. Moreland, Jr., and W. Frazer, J. Arner. Chem. 
Soc, 75, 637 (1953). 

(24) F. W. Baker, R. C. Parish, and L. M. Stock, ibid., 89, 5877 (1967). 
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15. \ t \ v i nh ib i t o r s 
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TABLE I (Continued) 

B. New inhibitors 

Spiro[3.3]heptane derivatives 

H , N C H . . N / \ v / \ . C O i H 

>—Relative activities0 (in vitro)— 
Method A6 Method B° 

(17) 

HSN. 

H 

COsH 
(18) 0 

Distance0" 

^6.3 

-5.3 

v>K° 

4 . 4 

10.2 

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
duced by streptokinase-activated human plasminogen.22 c The inhibition of lysis of a preformed plasma clot induced by o-thymotic 
acid.22 d Distance in angstroms between the C02H and the C to which the NH2 group is attached, calculated or measured on models. 
"Approximate values determined by potentiometric titration in aq solution. / T h i s distance is variable; distance for the most ex­
tended form is given. » Value for a s isomer taken from the literature, see ref 10, 21. h Hydrochloride used in biological assays. * See 
ref 23. 

of 7, such as observed in 4-aminomethylbicyclo [2.2.2]-
octa-2,5-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, it should be noted that the 
introduction of free keto groups in 9 results also in a 
sizeable change in pi£'s of the molecule (pif's of 3.8 and 
8.7 for 9 and 4.6 and 9.9 for 7). 

Branching of the 4-CH2 group of 7, such as in 4-
(a-aminoethyl)bicyclo [2.2.2 ]octane-l-carboxylic acid 
(11) interestingly had only a slight diminishing effect 
on the activity. The observed relative potency for 11 
was 78. Apparently, this extra Me 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-
aminoethyl)benzoic acid decreased activity from 3.7 to 
2.5 while a comparable Me substituent in EACA (1) 
to give 6-aminoheptanoic acid appeared to abolish 
activity. This diminishing effect of Me branching 
thus appears to be general. 

Compounds 13 and 14, where a CH2 is inserted be­
tween the C02H and the bicyclic nucleus, represent 
parallels to similar variations reported by Lohmann, 
et ai.,9 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 NH2. In other series, it has been reported that 
p-aminophenylacetic acid is inactive and 4-aminocyclo-
hexane-1-acetic acid is much less active than its 4-
aminomethyl analog.9 However, comparison again 
involves a complete change in the basicity of the NH2 

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. In the aromatic series, p-amino-
methylphenylacetic acid was found to be active but 
less so than p-aminomethylbenzoic acid, and in the 
cyclohexane series, 4-aminomethylcyclohexaneacetic 
acid, of uncertain isomer composition, is reported to be 
active, but less so than £rans-4-aminomethylcyclohex-
anecarboxylic acid (3).9 In all series, increased dis­
tances between functional groups and the greater num­
ber of possible conformations 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 in vitro anti-
fibrinolytic activity. Similarly, we have found that 
N-acylation, N-methylation, and esterification of 7 all 
eliminated in vitro activity completely (15a through 
15g). 

Two other types of molecules were investigated as 
"supports" for NH2 and COaH groups as discussed 
above: (1) the cubane system, and (2) the spiro[3.3j-
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 joctane. For 
this reason, the novel amino acid 4-aminomethylcubane-
1-carboxylic acid (16) was synthesized, giving a C02H-
NH2CH2 distance of 5.76 A, equal to that in the bicy­
clo [3.2.2 ]nonane 5 and slightly greater than^that ob­
served in the bicyclo[2.2.2joctane 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 jnonane 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 cdmpounds, 6-aminomethylspiro[3.3]hep-
tane-2-carboxylic acid (17) and 6-aminospiro[3.3]hep-
tane-2-carboxyhc acid (18) were found 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. 

In 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-Aminomethylbicyclo [2.2.2 joctane-
1-carboxylic acid (7), the most active of these, 
appears also to 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 
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all cases . T h e s y n t h e t i c r o u t e s a r e s h o w n in S c h e m e s 
I t h r o u g h V I . C e r t a i n of t h e r e q u i r e d i n t e r m e d i a t e s 
h a v e b e e n desc r ibed in t h e l i t e r a t u r e as c i ted in t h e 
E x p e r i m e n t a l Sec t ion . 

T h e s a t u r a t e d a m i n o m e t h y l ac ids , 4, 5, 7, 16, a n d 17 
were p r e p a r e d from t h e c o r r e s p o n d i n g k n o w n s y m m e t r i ­
cal d i e s t e r s , as i n d i c a t e d in S c h e m e I. C o n d i t i o n s e m -

R0,ClHClC0,R 
l.OH" 

2 .H + 

Sl'HKMIv I 

H0,C(HClC0,R 
1. CICQ.Et. Et.N _ 
2. NH, ' 

H2NCO(HC]C02R 
P0C1, 

NClHClCO,R 
.OH~ 

2. H + 

NCEDCO2H 
H,-Pt . HC1 

H.O, EtOH 
H,NCH,[HC1C0,H 

4,5,7.16, and 17 

R = Meor Et 

p loyed in all b u t t h e last s t e p were p a t t e r n e d af ter 
those o r ig ina l ly r e p o r t e d by R o b e r t s , et al,, for t h e 
syntheses , of 4-e.vanobie.yclo [2 .2 .2 ]oc tane - l - ca rbox \ - l i c 
a c i d . " 

P r e p a r a t i o n of t h e u n s a t u r a t e d a n a l o g of 7. 4 - a m i n o -
m e t h y l b i c y c l o [2.2.2 )oc t -2 - ene - l - ca rboxy l i c acid (8), 
i nvo lved t h e s y n t h e t i c s c h e m e o u t l i n e d in S c h e m e I I , 

MeOX CO,Me 

SCHKMI: II 

l.OH • 

*-
2. H+ 

H0 2C 

H2NCO 

HLNCH, 

CH :,CONHCH. 

Vie '' 

CO.Me 

" H . , f l H 

C'lCO.Et.Et.N 
NH. 

I.AH *-

Ac.0 
— ' • > 

pyridine 

29 

CH2OH 
H2CrOt 

Me.CO. H,SO, 

30 

C H . C O N H C H , — ^ \ > — C 0 2 H - ^ - * - H2NCH; 

31 

CO,H 

s t a r t i n g wi th t h e u n s a t u r a t e d d i e s t e r d i m e t h y l b icy-
c.lo[2.2.2 | o c t - 2 - e n e - l , 4 - d i c a r b o x y l a t e p r e p a r e d accord­
ing t o t h e m e t h o d of Kaue r , 2 5 a n d p r o c e e d i n g t h r o u g h 
m e t h y l 4 - c a r b a m o y l b i c y c l o [2.2.2 ] o c t - 2 - e n e - l - c a r b o x -
y l a t e s u b s e q u e n t l y r e p o r t e d b y B a k e r a n d Stock . -" 

4 - A m i n o m e t h y l b i c y c l o [2.2.2 ] o c t a - 2 , o - d i o n e - l - c a r b o x -
ylic ac id (9) was p r e p a r e d essen t ia l ly as o u t l i n e d 

i-Jt'i) .1. ( ' . K a u i r , l i . K. Benson, and (;. \V. I 'arshall , 
1 i:il (lW(io). 

ri(>) F. W. P . a k e r a n a I.. M. Slock, iliid.. 32, :M44 (!!)(>; 

./. Or,/. Client., 30, 

in S c h e m e I. s t a r t i n g from t h e k n o w n d i e t h y l 2,.">-
b i s e t h y l e n e d i o x o b i c y c l o [ 2 , 2 . 2 ] o c t a n e - l , 4 - d i c a r b o x y l a t e 
(32), a n d a f te r conve r s ion i n t o t h e a m i n o acid 10. final 
acid r e m o v a l of t he 2,.")-ketal p r o t e c t i n g g r o u p s (see 
S c h e m e I I I ) . 

iScilKMK I I I 

EtO,C CQ.Et as in 

Scheme 1 

H,NCH, C02H •*• H 2 N C H 2 — C \ ^ — C 0 2 H 

9 

P r e p a r a t i o n of t h e a - b r a n c h e d h o m o l o g of 7, 4 - ( « -
a m i n o e t h y l j b i c y c l o [2.2.2 j oc t ane -1 -ca rboxy l i c ac id (11) . 
was a c c o m p l i s h e d as i n d i c a t e d in S c h e m e I V . 

HOC CO Me 

St 'I lKMK I \ ' 

SOCI 

C1CO 

37 

(EtOOC)2CHCO 

CH,CO 

NOH 

CH,0 

CO,Me 
CH2(COOEt), 

Mg, EtOH 

CO.Me 
HC1 

38 

C0,H 

CO,H 

- C O , 

HCl'H,NOH _ 

pyridine 

H , -P t 

HC1. H,0. EtOH ' 

39 
CH, 

HC1-H,NCH- •CO„H 

11 

T h e t h r e e lower h o m o l o g s which lack t h e CH-2 of 
5, 7, a n d 17, speci l ica l ly 6, 12, a n d 18, were p r e p a r e d 
by H o f m a n n d e g r a d a t i o n of a m i d o e s t e r i n t e r m e d i a t e s 
a c c o r d i n g to t h e m e t h o d u s e d by R o b e r t s , et a/.,'-:f 

for t h e ear l ie r p r e p a r a t i o n of 12. T h i s invo lves p ro ­
d u c t i o n of t h e i s o c y a n a t e a n d e t h y l c a r b a m a t e from 
t h e p r i m a r y a m i d e , fol lowed by final h y d r o l y s i s of 
t h e c a r b a m a t e t o t h e des i r ed a m i n o acid ( S c h e m e V) . 

S c h e m e V I ou t l i ne s t h e s imi l a r p r o c e d u r e s u s e d for 
t h e p r e p a r a t i o n of 4 - a m i n o b i c y c l o [2.2.2 ] o c t a n e - l - a c e -
t ic acid (13) a n d 4 - a m i n o m e t h y l b i c y c l o [2.2.2 j oc t ane -
1-acetic ac id (14) f rom t h e i r r e s p e c t i v e lower h o m o l o g s 
12 a n d 7. A m i n o ac ids 12 a n d 7 w e r e first a c y l a t e d for 
N - p r o t e c t i o n , t h e n t h e free COTT c o n v e r t e d in to d i azo -
k e t o func t ions by t h e ac t ion of S O C k followed b y C H 2 -
\ 2 . C u r t i u s r eac t i on of d iazo k e t o n e s to give iso-
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SCHEME V 

. . Br2,NaOEt . . EtOH 
H2NC0[HC]C02R - OCN[HaC02R 

EtOCONHE0CO.2R 

H, 

HCl 
H,NlHClCO,H 

H 

12 

R = M e o r E t 
18 

cyanates and benzyl esters was accomplished at 170° 
with collidine in PhCH2OH. Final base, then acid 
hydrolysis produced the free amino acids 13 or 14. 

SCHEME VI 

H2N(CK,)„ •CO,H 
RC0C1 

R C O N H ( C H 2 ) „ — ^ ^ — C 0 2 H ^ - § § -

RCONH(CH2)„ 

RCONH(CH2),, 

COCHN, 

1. PhCH2OH, collidine 
170° 

i 

2. OH", H + 

HCl CH2C02H 

H2N(CH2)„ •CH,CO,H 

1 3 , n = 0 ; R = CH3 

14 , r a - l ;R = C6H3 

N-Me, iV-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 Uni-
Melt Thomas-Hoover melting point apparatus. Where analyses 
are indicated only by symbols of the elements or functions, 
analytical results obtained for those elements or functions were 
within ± 0 . 4 % of theoretical values. Nmr spectra were deter­
mined on a Varian A60-A Spectrometer and ir spectra on a 
Perkin-Elmer Model 11 MS recording spectrophotometer. 

I. 4-Aminomethylbicyclo[2.2.1]heptane-l-carboxylic Acid (4) 
(See Scheme I). 4-CyanobicycIo[2.2.1]heptane-1-carboxylic 
acid (19) was prepared in 8 steps essentially according to the pro­
cedure reported by Wilcox and Leung.27 

4-Aminomethylbicyclo[2.2.1]heptane-l-carboxylic Acid Hydro­
chloride (4).—To 165 mg (1.0 mmole) of 4-cyanobicyclo[2.2.1]-
heptane-1-carboxylic acid (19) dissolved in 20 ml of EtOH was 
added 8 ml of H 20, 2.0 ml of 1.00 N HCl, and 100 mg of P t 0 2 

catalyst (Engelhard 85%). The mixture was hydrogenated at 
2.46 kg/cm2 and room temp for 1 hr. After removal of the 
catalyst by filtration through sintered glass, the filtrate was 
evaporated in vacuo at steam bath temperature, then 3 times 
more with fresh portions of 95% EtOH. A white solid remained, 
mp 255-258° dec. The material was recrystallized 3 times from 
95% EtOH-EtjO to give an analytical sample: mp 256-258° 
(185 mg, 90%); tic (ail G) 3 :1 :1 , BuOH-HOAc-H 2 0, Rf 0.38 
(ninhydrin, red or I2); ir (KBr) 1690 (COOH), 1560, and 1510 
cm"> (NH3 + ); nmr (D20) S 1.0-2.2, sharp central peak at 1.58 
(10, bicyclic ring), 3.14 (2, CH2N), and 4.57 ppm (4, COOH and 
N H , + exchangeable protons), Anal (C9H15N02 'HC1) C, H, CI, 
N. 

II. 5-Aminomethylbicyclo[3.2.2]nonane-l-carboxylic Acid (5) 

(27) C. F. Wilcox, Jr., and C. I.eung, ibid., 33, 877 (1968). 

(See Scheme I). Diethyl 6,8-dioxobicycIo[3.2.2]nonane-l,5-
dicarboxylate (20) was prepared essentially as described in the 
literature.28 Before use, the product was dried overnight at 50° 
in vacuo, mp 130.5-133° (reported,28 132°). 

Diethyl 6,8-bis(ethylenedithio)bicyclo[3.2.2]nonane-l,5-dicar-
boxylate (21) was prepared from the diketo diester 20, 1,2-ethane-
dithiol, and BF 3 -Et 2 0 according to the procedure employed by 
Roberts, et at.,23 for the analogous bicyclo[2.2.2]octane deriva­
tive. The product, obtained in 63%, yield, was recrystallized 
from abs EtOH, then from hexane; needles, mp 101-103.5°. 
Anal. (C19H2804S4) H, S; C: calcd, 50.86; found, 51.47. 

Diethyl bicyclo[3.2.2]nonane-l,5-dicarboxylate (22) was pie-
pared in approximately 80%, yield by desulfurization of the bis-
thioketal 21 in refluxing EtOH with active Raney Ni, again fol­
lowing a procedure described by Roberts, et al.,n for the bicyclo-
[2.2.2]octane series. The product was a colorless liquid, bp 
142-145° (0.8 mm). Anal. (Ci.-,HM04) H; C: calcd, 67.13; 
found, 68.04. Glc of the analytical material indicated the 
presence of a minor contaminant (5% 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 obtained in 62% yield by saponification of the diester 22 with 
1 mole of NaOH in aq EtOH, as described by Roberts, et al.,23 

for the corresponding bicyclo [2.2.2] octane compounds. In 
addition, 16% of the starting diester was recovered by extraction 
with E t 2 0 from a basic aq layer. The desired product was 
separated from a small amount of the corresponding diacid 
(6.5% recovered) by column chromatography on silica gel 
(CHCI3 eluent). The desired monoacid monoester 23 was 
recrystallized from hexane (Dry Ice-Me2CO), then sublimed, mp 
53.5-55°. Anal. (C13H20O4) H; C: calcd, 64.98; found, 65.41. 

Ethyl 5-carbamoylbicyclo[3.2.2] nonane-1-carboxylate (24) was 
prepared from the monoacid monoester 23 by the mixed anhy­
dride procedure (ethyl chloroformate and anhydrous NH3) 
developed by Roberts, et al.,23 for corresponding compounds in 
the bicyclo[2.2.2]octane series (Scheme I) . The amide ester 24, 
mp 83.5-85°, was obtained in 71.6% vield (needles from C6H6-
hexane). Anal. (C13H2IX03) C, H, N." 

Ethyl 5-cyanobicyclo [3.2.2] nonane-1-carboxylate (25), an oil, 
was prepared in 86% yield by dehydration of the amide ester 24 
with POCl3 in C1CH2CH2C1, according to the method employed 
by Roberts, et al.,23 in the bicyclo[2.2.2]octane series (Scheme I) . 
The material was shown to be homogeneous by tic, possessed the 
expected ir absorptions, and was saponified directly without 
further purification. 

5-Cyanobicyclo[3.2.2]nonane-l-carboxylic acid (26) was ob­
tained in 87% yield by saponification of the cyano ester 25, again 
using the procedure of Roberts, et al.,23 (Scheme I). The product 
was recrystallized from C6He for analysis, mp 186-188°. Anal. 
(CnHi5N02) C, H, N. 

5-Aminomethylbicyclo[3.2.2]nonane-l-carboxylic Acid Hydro­
chloride (5).—The cyano acid 26 was reduced over Pt in aq EtOH 
containing HCl as described above for the production of 4. The 
crude white hydrochloride (5), mp 286-289° was recrystallized 
from 95% E t O H - E t 2 0 : mp 291.5-293° dec (vield, 81%); tic 
(sil G) 3 :1 :1 , BuOH-HOAc-H 20, Rf 0.69 (ninhydrin, pink); 
nmr (D20) S 1.3-2.2 with sharp peaks at 1.73, 1.80, and 1.95 
(14, bridged ring), and 2.87 ppm (s, 2, CH2N); equiv wt calcd 
233.75, found 234.33; pifi 4.8, pif2 10.0 (H20). Anal. (Cn-
HmNOvHCDC, H, CI, N. 

III. 5-Aminobicyclo[3.2.2]nonane-1-carboxylic Acid (6) (See 
SchemeV). Ethyl 5-(Ar-carboethoxy)aminobicycIo[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 a'.,23 in the bicyclo|2.2.2]octane series 
(see Scheme V). The urethane ester 27, a liquid, tic (sil G) 
9 :1 , C6H6-MeOH, R; 0.9, was hydrolyzed to the amino acid 
without further purification. 

5-Aminobicyclo[3.2.2]nonane-l-carboxylic Acid (6).—To 0.93 
g (3.28 mmoles) of crude 27 was added 20 ml of coned HCl and the 
mixture refluxed for 8 hr. Filtration removed a small quantity of 
amorphous solid. Evaporation in vacuo gave a pale yellow solid, 
which was recrystallized from 95% Et()H-EI2(), giving a crystal­
line hydrochloride, mp 259-261° (0.42 g, 58%). Because of 
difficulty in removing one minor impurity, the material was 
converted into the free amino acid by passage of a solution in H 2 0 
through a column of Dowex-1 acetate. The free amino acid 

(28) P. C. Guha, Cliem. Ber., 72, 1359 (1939), 
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was recrystallized from aq Ale2CO: wt. 253 mg; mp >360°; 
tie (sil G) 3 :1 :1 , BuOH-HOAc-H,0 , R, 0.58 (ninhydrin, yellow); 
nmr (D20, CF3COOH) S 1.6-2.1 ppm with sharp peaks at LSI 
and 1.90 ppm (ringprotons): equiv wt. calcd 183.2.3, found 184.32; 
p/v'i 4..3, pA% 10.3 (H20). Anal. (C10H,-NO2) C, H, N. 

IV. 4-Aminomethylbicyclo[2.2.2]octane-1-carboxylic Acid i7) 
(See Scheme I) . A. Hydrochloride.—Reduction of 4-cyano-
bicyclo[2.2.2]octane-.l-earboxylie acid (28), prepai-ed as described 
by Roberts, cl al.,ri was accomplished as described above for 4. 
The crude amino acid hydrochloride was purified by dissolution 
in hot 95%. EtOH and reprecipitation with E t 2 0 . The white 
solid, mp 318-3.19° dec (placed in sealed capillary at 2.50°) after 
air drying, was obtained in 90.5% yield. Three recrystalliza­
tions from 95% Et,OH-Et20 gave analytically pure material: 
mp 318-319° dec, which was dried at 110° over P.,0.-, for is hr 
at 0.08 mm; tic (sil O) 3 :1 :1 , B11OII-HOAe-H2(>, /,'/ 0.55 
(ninhydrin, pink); nmr (l)20) S 1.3-2.0 with sharp absorptions 
at 1.62 and 1.72 (12, bridged ring) and 2.81 ppm (s, 2, CH2N): 
equiv wt calcd 219.72, found 219.87; pA', 4.6, pA'- 9.9 (H.Oj. 
Anal. (CioHnX02-HCl) C, H, CI, X. 

B. Free Amino Acid.- Analytically pure hydrochloride (3CU 
nig) was dissolved in 2 ml of distilled H20. placed above a column 
of 112((-washed Dowex-1 acetate (20 g wet weight) and elided with 
distilled H 2 0. The first few milliliters of eluent, when evaporated 
in vacuo (60-70°), afforded the free amino acid. After 1 3 
recrystallizations from H20-Me2CO, the air-dried material, or 
material dried at 110° for 24 hr, melted at 269-274° dec and some 
darkening and softening at 265° (placed in sealed capillary at. 
180°), and the material analyzed slightly low in C. Hedrying 
at 137° for 24 hr at. 0.35 mm over P2Or, raised the melting point 
to 280-283° dec (softening at 274-275°). Anal. (C,oTInN(V) 
C, H, N. 

V. 4-Aminobicyclol2.2.2]octane-l-carboxylic acid (12) was 
prepared as described previously bv Roberts, it a/.23 (see Scheme 
V). 

VI. 4-Aminomethylbicyclol2.2.2joct-2-ene-l-carboxylic Acid 
(8) (See Scheme II). l-Aminomethyl-4-hydroxymethylbicyclo-
12.2.21 oct-2-ene (29).— To 1.52 g (40 mmoles) of LAH in 50 ml of 
dry THK at reflux was added dropwise with stirring a solution of 
1.90 g (9.10 mmoles) of methyl 4-carbamoylbicyclo [2.2.2] oet-2-
eue-1-carboxylate.26 After the addition was completed (1 hr), 
the mixture was stirred and remixed for 10 hr. Excess LAH 
was decomposed by the cautious addition of H20, the T H F 
removed in vacuo, and the aq solution basified with KOH and 
extracted continuously with E t 2 0 . Drying of the E t 2 0 extracts 
(MgS04), filtration, and removal of the E t 2 0 in vacuo left a basic 
colorless viscous oil, 0.S.5 g (56%:,i. After removal of solvents in 
vacuo the material was used directly for N-acetylation without 
further purification. 

l-Acetamidomethyl-4-hydroxymethylbicyclo [2.2.2] oct-2-ene 
(30). - T o 0.85 g (5.10 mmoles) of 29 dissolved in 15 ml of dry 
pryidine was added over 30 min 0.46 g (4.50 mmoles) of Ac2(> in 10 
ml of pyridine. The mixture was stirred overnight at room 
temperature. After removal of the pyridine in vacuo, the remain­
ing oil was taken up in 50 ml of EtOAc, extracted twice with 5 ml 
of 3 A' HC1 and twice with .5 ml of saturated NaHCOs, dried 
(MgSOi), filtered, and stripped to an oil which quickly solidified. 
Hecrystallization from MeCN removed a trace of A',0-diacetyl 
derivative, giving the crystalline A'-acetyl compound: mp 137™ 
139° (594 mg, 56%): ir (KBr) 1650, 3270 (CONH) and 33.50-
3400 cm"1 (OH); nmr (CDCb) 5 1.37 (m, broad, 8, ring CH2S, 
2.00 (s, 3, CH3CO), 3.34 (d, J = 6 Hz, 2, CH2X), 3.61 (s, 2, 
CH20), 5.8 (broad, 1, XH), and 6.18 ppm (q, J = 9 Hz, 2, 
C H ^ C H ) . 

4-Acetamidomethylbicyclo[2.2.2joct-2-ene-l-carboxylic Acid 
(31).- To 209 mg (1.0 mmole) of 30 dissolved in 15 ml of Me2CO 
at. 10° was added 0.00 ml of 2.67 .1/ Jones reagent in 0.10-ml 
portions over a period of 15 min along with 30 ml of Me2CO, 
keeping the temperature between 10 and 15°. After stirring an 
additional 30 min at this temperature, 2 drops of j-PrOH were 
added to destroy the excess oxidant. Finally, 50 ml of H20 
was added to dissolve the precipitated salts. After removal of 
the Me2CO in vacuo, the product was recovered by continue us 
extraction of the aq layer with El>0. After drying (MgSOj), 
evaporation of the Et 20 left the amide acid 31. Hecrystallization 
from .MeCN gave the product as needles: u p 220-225°: nn r 
(CF:,COOH) S 1.2 2.2 (in. con plex, s, ring OIL.), 2.58 (s, 3, 
CIECO), 3.73 (d, ./ - 6 Hz, 2, C112X 1, 6.23 and 6.70 id's, ,/ = 
s.5 Hz, 2, AB pattern for CH-----CI1 ), and s.7 ppm is, broad, 1. 
XH ); ir (KBr! 1650 (CONH ) and 1690 e n f (CO..H i. 

LoioFFi.Kii, BnrruHKH, AND B.H.'MGAIM'KX 

4-Aminomethylbicyclo[2.2.2joct-2-ene-l-carboxylic Acid (8j.—-
To 183 mg (0.82 mmole) of 31 was added 20 ml of KtOII and 40 ml 
of 6 A* HC1. After remixing overnight, evaporation in vacuo left 
I he crude amino acid • IIC1 as a white solid. Passage over I )owe\ 
1 acetate converted the material into the free amino acid which 
was recrystallized from H;0 Me2CO mixtures. The pure acid 
8, mp 269- 271 ° dec, proved to be essentially homogeneous by 1 li­
on silica gel in two solvent systems and was detected as a red 
spot with'ninhvdrin: 3 :1 :1 , BuOH -HOAc. H20, lis 0.7; 8 :1 :1 , 
CHCLi MeOH HOAc, /,', 0.15; nmr (D20> S 1.0 2.0 <m, com-
jilex, 8, ring CH2), 3.12 (s, 2, CH2X), and 6.12 and 6.53 ppm 
id's, J = S.'i Hz, 2, C H - - C H ) ; ir (KBr) characteristic absorp­
tions of zwiltcrionic amino acid. . I W . :C,llll,,1NOr 0.5 I !•.,()) 
C: II: calcd. 8.42; found, 7.S4. 

VII. 4-Aminomethylbicyclo [2.2.2jocta-2,5-dione-l-carbox-
ylic Acid (9) (See Schemes I and III). Diethyl 2,5-bis(ethylene-
dioxo)bicyclol2.2.2]octane-l,4-dicarboxylate (32) was prepared 
from the corresponding 2.5-diketo compound as described by 
Holtz and Stock.-9 

Ethyl hydrogen 2,5-bis(ethylenedioxo)bicyclo [2.2.2] octane-1,4-
dica boxylate <33) was prepared in 58% yield from the corre­
sponding diester by saponification of 32 essentially according to 
I he procedure employed by Roberts, el «/.,2:i and discussed above. 
Column chromatography on silica gel, using CIICI3 and EtOAc 
as eluenis, enabled clean separation of the desired monoacid 33 
from a small amount of the corresponding diacid, produced as a 
by-product. Recrystallizal ion from CAh, then 95', ' EtOH, 
gave pure material, mp 140.5 142°. Anal. l('i6H220»j C, II. 

Ethyl 4-carbamoyl-2,5-bis(ethylenedioxo)bicycIo[2.2.2] octane-
1-carboxylate (34) was prepared from 33 in 64% yield, using the 
mixed anhydride anhydrous XII, procedure employed by 
Roberts, i/ o/.,-:l for the same compound lacking 2 and 5 sub-
stituents. Hecrystallization of the solid product from 95% EtOH 
gave pure material, nip 160.5 162°. Anal. ( C I J I M X O T ) C, H, X. 

Ethyl 4-cyano-2,5-bis( ethylenedioxo Jbicyclo [2.2.2] octane-1 -
carboxylate (35 ) was prepared in 8 4 ' , yield by dehydration of the 
amide 34 with POO.-,. The procedure used was essentially that 
of Roberts, <7 a!.;'••' however, pyridine was employed as a solvent 
rather than CICII2CH2C1 to prevent acid-catalyzed removal of 
the labile ketal groups. The solid product 35 was recrystallized 
from hexane, mp 82.5-84°. Anal. ((%H2iX06) C, H, X. 

4-Cyano-2,5-bis( ethylenedioxo Jbicyclo [2.2.2] octane-1 -carboxy-
lic Acid (36). Saponification of the cyano ester 35 was carried out 
using previously described conditions'" and 36 was obtained in 
about 80% yield, mp 223.5-225°, recrystallized from MeCN. 
Anal. (C1J-IITX()1- I)C, H, X. 

4-Aminomethyl-2,5-bis(ethylenedioxo)bicyclo[2.2.2]octane-l-
carboxylic Acid (10). - To a solution of 2.95 g (0.01 mole) of 36 in 
100 ml of EtOH were added 20 ml of H2() and 500 nig of 1'tO,. 
The mixture was shaken under 2.67 kg cm2 of H_. and after 18 
hr the catalyst filtered off and the filtrate evaporated to a white 
solid. One recrystallizatioii from H2()-.Me2CO gave 0.97 g 
(32% j crude material. Tie (sil C) 3 :1 :1 , BuOH-IIOAc-II2(), 
/if 0.6 (ninhydrin, pink, slightly elongated spot); nmr (1)20) 
& 1.5-2.5, sharp peaks at 1.82 and 1.99 (8, bicyclic ring), 3.00 
(2, CH-.X), and 3.92 and 4.08 ppm is, 8, ketal CH2). Three 
recrystallizations from II2()-EtOH gave an analytical sample, 
mp 238-242°. The ir spectrum (KBr) was as expected for the 
amino acid bisketal but showed a weak absorption tit 1720 cm ' 
(CO), the same wavelength of the much stronger carbonyl peak 
in thedione9. Anal. (CuH2,XOB) C, H, N. 

4-Aminomethylbicyclo [2.2.2] octa-2,5-dione-l-carboxylic Acid 
(9). -To 590 mg (2.0 mmoles) of 36 dissolved in 40 ml of EtOH 
was added-1.0 ml of 1.0 A' HC1 and lOOmgof PtO ; . The mixture 
was hydrogeuated for 2 hr at 2.11 kg'cm2 , filtered, and evapo­
rated, then refluxed for 8 hr with 20 ml of 6 A' H O . After 
evaporation in vacuo and reevaporal ion several times with small 
portions of H2(), the crude amino ac id-HO was dissolved in 
5 ml of H20 and passed through a column of Dowex-1 acetate 
(20 g). Evaporation of the effluent gave the crystalline product, 
mp >360°. Several recrystallizations from H20-AIe2CO gave 
the pure amino acid for analysis (147 mg), mp >360°. The 
material appears to darken upon prolonged heating above 100°: 
tic (sil (I) 3: 1 : I, HuOII HOAc--H20, ft, 0.4(1 (ninhydrin, pink): 
ir (KBr) 1720 (CO,. 1610 (COOH) and 1560 ran ' (Ni l ; , ' ) : 
equiv wt calcd 221.21, found 223.58: pA", 3.8, pA"2 8.7 (H-.O). 
Anal. tC„,Hi: iN0.1;0. II, N. 

VIII. 4-1 o-Aminoethyl jbicyclo 12.2.2] octane-1-carboxylic Acid 

• •2\r, II. 11. I loll z a ml I.. -M. Stuck. ./. .\mr.r. Ci„m. S„r., 86, AlSlt ;,\MA \. 
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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[2.2.2]oct-2-ene-l,4-dicarboxylate26 in 
20 ml of SOCl2 was heated to reflux for 3 hr. After removal of the 
excess SOCl2 in vacuo, then reevaporation with several portions 
of hexane, the resulting material was distilled in vacuo, affording 
5.3 g (97%) of a colorless liquid, bp 97-98° (7.0 mm). 

4-Acetylbicyclo[2.2.2] oct-2-ene-l-carboxylic Acid (38).—Amix-
t ure of 0.42 g (0.017 g-atom) of Mg turnings, 2 ml of dry C6H6, and 
0.1 ml of abs EtOH was heated to reflux until the dissolution of 
the Mg 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 ml of CeHe. After 3 hr at reflux, all the Mg had dissolved. 
The EtOH was then removed by azeotropic distillation with 
fresh portions of C6H6, the volume brought to about 5 ml with 
C6H6, and a solution of 3.43 g (0.015 mole) of 37 in 5 ml C&Yis 
was added at reflux over a 30-min period. After an additional 
3.5 hr at reflux, the viscous mixture was poured into 100 g of ice 
and 50 ml of 6 A* HC1. The combined CeH6 extracts, after 
washing (H20) and drying (MgS04), afforded 4.5 g of a colorless 
liquid, an ir spectrum of which exhibited no COC1 absorption. 
This triester was hydrolyzed directly without purification by 
refluxing for 16 hr with a mixture of 25 ml of HOAc and 25 ml of 
coned HC1. Evaporation left 1.83 g (63%) of a white solid, 
which was chromatographed on silica gel (CHCI3 eluent) to 
remove a minor slower moving impuritj^. The chromatographed 
material was recrystallized from CeHe-hexane, giving a white 
solid: mp 165.5-168°; tic (sil G) 85:15, C6H6-EtOAc, R, 0.3 
(Is); nmr (CDC13) 6 1.1-2.2 (m, 8, ring CH2), 2.23 (s, 3, CH3CO), 
6.56 (s, 2, C H = C H ) , and about 11 ppm (broad, 1, COOH). 

4-(a-Oximinoethyl)bicyclo[2.2.2]oct-2-ene-l-carboxylic Acid 
(39).—A mixture of 0.52 g (7.5 mmoles) of H2XOH-HCl, 3 ml of 
abs EtOH, and 3 ml of pyridine was refluxed on a steam bath for 
5 min. To this was added 0.49 g (2.5 mmoles) of the keto acid 38. 
After 3 hr at reflux, most of the solvent was removed in vacuo, 
then the residue stirred with 30 ml of cold 3 X HC1. The result­
ing crystalline solid was collected, washed with H2O, and air 
dried (0.44 g, 85%). The material was recrystallized from 95% 
EtOH or EtOAc, mp 245-247°. 

4-(a-Aminoethyl)bicyclo [2.2.2] octane-1-carboxylic Acid HCl 
(11).—To a solution of 270 mg (1.29 mmoles) of 39 in 50 ml of 
90% EtOH was added 0.5 ml of 6.0 X HC1 and 50 mg of P t 0 2 . 
The mixture was shaken at 2.11 kg/cm2 and 25° for 3 hr. Filtra­
tion and evaporation left a white solid which was recrystallized 
from 95%, E t O H - E t 2 0 , wt 240 mg (80%). The material was 
dried for analysis at 110° in vacuo: mp 313.5-315° dec; tic 
(sil G) 3 :1 :1 , BuOH-HOAc-H 20, Ri 0.57 (ninhvdrin, pink); nmr 
(D,0) S 1.13 (d, / = 7 Hz, 3, CH3), 1.2-2.0 with sharp peaks at 
1.55 and 1.66 (12, ring CH2), and 3.08 ppm (q, J = 7 Hz, 1, 
CHN); ir (KBr) 1680 (COOH) and 1600 cm"1 (XH3+). Anal. 
(CnH 1 9 N0 2 -HCl)C, H, Cl, N. 

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 mmoles) of 4-aminobicyclo[2.2.2]octane-1-
carboxylic acid-HCl (12)23 dissolved in 5 ml of H 2 0 was added 
7.0 ml"of 2.0 A' XaOH. To this was added with stirring (0°) 
3 ml of Ac20. After 30-min acidification with HCl gave a white 
solid which was recrystallized from hot H 20, then dried in vacuo 
over P 20 5 : mp 268.5-270°; 0.40 g (68f>i); tic (sil G) 90:25:4, 
C6H6-dioxane-HOAc, Rs 0.30 (H2S04 char); ir (Nujol) 1610 
(CONH), 1690 (COOH), and 3300 cm"1 (NH). 

4-Acetamidobicyclo[2.2.2]octane-l-carbonyl Chloride (41).— 
A suspension of 0.31 g (1.47 mmoles) of 40 and 1.0 ml of SOCl2 in 
10 ml of pure dry dioxane was refluxed for 2 hr. Evaporation of 
the clear solution in vacuo, reevaporation with several portions of 
dry C6H6, and finally drying in vacuo left a yellow oil which was 
used without further purification. 

4-Acetamidobicyclo [2.2.2] octane-1 -acetic Acid (42).—The 
crude acid chloride 41 from 1.70 g (8.1 mmoles) of the correspond­
ing acid 40 was dissolved in 50 ml of dry Et2(). To this solution 
at —5° was added dropwise over 30 min an E t 2 0 solution of 
CH2N2 (25 mmoles). Evaporation of the E t 2 0 at 25° left a yellow 
solid; ir (CHC13) 2120 cm"1 (COCHX2). This material was 
added in small portions to a stirred mixture of 10 ml of dry 
PhCH2OH and 10 ml of distilled coUidine at 175° over a 10-min 
period, then heated an extra 5 min. The resulting brown solu­
tion was diluted with 100 ml of KtOAc, then washed (1 X HCl, 
H20), and the extracts dried (MgS04). The filtered solution was 
distilled in vacuo to remove EtOAc and excess PhCH2OH. The 
resulting brown oil was dissolved in a mixture of 5 ml of abs 

EtOH and 5 ml of THF, 5.0 ml of 2.0 X XaOH was added and 
the mixture stirred at 25° overnight. After dilution of the reac­
tion mixture with 25 ml of H 2 0 and extraction with EtOAc, the aq 
layer was acidified with 6 X HCl and the resulting oil extracted 
into CHCI3 and dried (MgS04). 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-l-acetic AcidHCl (13).—A 
mixture of 420 mg (1.87 mmoles) of 42 and 10 ml of 6 Ar HCl was 
refluxed for 16 hr, then cooled, and extracted with several portions 
of EtOAc. Evaporation of the aq layer afforded a pale yellow 
solid which was triturated with j'-PrOH, chilled, and the solid 
collected by filtration. Three recrystallizations from E t O H -
Et 2 0 gave a white solid (105 mg) of constant mp 227-230°: 
tic (sil G) 3 :1 :1 , BuOH-HOAc-H 20, Rt 0.60 (ninhydrin, pink); 
nmr (D20) 5 1.5-1.9 with sharp peaks at 1.67 and 1.80 (12, ring), 
and 2.12 ppm (s, 2, CH2COOH). The compound was dried at 
110° in vacuo for analysis. Anal. (C10Hi7NO2• HCl) C, H, X. 

X. 4-Aminomethylbicyclo [2.2.2] cctane-1-acetic Acid HCl 
(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 vacuo over P2Oi, was used for reaction 
with CH2X2 without further purification. 

(4-Benzamidomethylbicyclo[2.2.2]oct-l-yl)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 c m ' 1 (COCHX2), free of COC1 
absorption at 1725 cm - 1 . 

4-Benzamidomethylbicyclo[2.2.2]octane-1-acetic acid (45) was 
prepared from 44 in the manner described for 42. The oily prod­
uct was purified by column chromatography (silica gel, C 6 H 6 -
EtOAc eluent) but could not be obtained crvstalline (yield from 
15b, 700 mg, 23%): tic (Fluor sil G) 90:35:4, C«H 6 -THF-
HOAc, Rt 0.66; nmr (CDC13) S 1.2-1.8 with sharp peak at 1.52 
(12, ring), 2.13 (s, J = 5 Hz, 2, CH2COOH), 3.21 (d, J = 7 Hz, 
2, CH2X), 6.1-6.4 (broad, 1, XH), and 7.2-8.0 ppm (m, broad, 
5, CeHs). The material was hydrolyzed directly without further 
purification to the amino acid 14. 

4-Aminomethylbicyclo[2.2.2]octane-l-acetic Ac idHCl (14).— 
To 700 mg (2.3 mmoles) of amide acid 45 was added 20 ml of 
coned HCl and 20 ml of HOAc and the mixture was refluxed 
overnight. After removal of the solvents in vacuo, 50 ml of 
H 2 0 was added and the solution extracted thoroughly with 
E t 2 0 . Evaporation of the aq laver left a white solid: mp 
254-260°; yield 388 mg (72%). Recrystallization from E t O H -
Et 2 0 gave analytically pure material: mp 256.5-260°; tic 
(sil G) 3 :1 :1 , BuOH-HOAc-H20, Ri 0.50 (ninhydrin, pink); 
nmr (D20) S 1.50 (s, 8, ring), 2.17 (s, 2, CH2COOH), 2.76 (s, 2, 
CH2X), and 4.62 ppm (s, 4, exchangeable protons). Anal. 
(Ci,H1 9X02-HCl)C, H, Cl, X. 

XI. 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 an alkaline aq solution of 7 • HCl with Ac20 
at 0°. The solid product was recrystallized from MeCX: mp 
223-226°; nmr (CF3C02H) S 1.3-2".2 with sharp peaks at 1.70 
and 1.88 (12, ring), 2.53 (s, 3, CH3CO), and 3.38 ppm (d, 2, J = 
6 Hz, CH2X); ir (KBr) 1600 (COXH), 1680 (COOH), and 3360 
c m - ' (XII). Anal. (C]2H1BX03) C, H, X. 

4-Benzamidomethylbicyclo[2.2.2] octane-1-carboxylic acid 
(15b) was prepared in 89% yield from 7 • HCl and PhCOCl under 
well known Schotten-Baumann conditions. The product was 
recrystallized from C6H6-MeCX: mp 179.5-181°; nmr (CF3-
C0 2H) S 0.9-1.8 with sharp peaks at 1.28 and 1.40 (12, ring), 
3.03 (d, / = 6 Hz, 2, CH2X), 7.0-7.5 (m, complex, 5, C6Hs) and 
7.4-8.0 ppm (broad, 1, XH) ; ir (KBr) 1640 (COXH), 1680 
(COOH), and 3380 c m - ' (XH). Anal. (C-H21XO3) C, H, X. 

4-(j»-Tolylsulfonamidomethyl)bicyclo [2.2.2] octane-1 -carbox­
ylic acid (15c) was prepared from 7 • HCl and TsCl under Schotten-
Baumann conditions (yield, 68%). The product was recrystal­
lized from 9 5 % EtOH:" mp 263-265°; tic (Fluor sil G) 90:25:4, 
C6H6—dioxane-HOAc, R, 0.60; ir (KBr) 1160 and 1330 (S02XH), 
1690 (COOH), and 3260 cm"1 (XH). Anal. (C„H23X04S) 
C, H, X, S. 

4-(A-p-Tolylsulfonyl-.V-methylaminomethyl)bicyclo [2.2.2] oc­
tane-1-carboxylic acid (15d) was prepared in A0c/( yield by treat­
ment of a solution of 0.51 g (1.5 mmoles) of 15c in 10 ml of 2.0 .V 
XaOH with Mel (1.5 g) in a sealed tube at 65° for 3 hr. Evapo-
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ration of the Mel and acidification of the aq solution gave the 
product, which was recrystallized from 95% EtOH: mp 242.5 
244°; tic (as for 15c), ft 0.65; ir (KBr) 1160 and 1340 (S02XH ) 
and 1680 cm"1 (C02H). Anal. (ClsH2.-,X04S) C, H, X, S. 

4-Methylaminomethylbicyclo[2.2.2]octane-l-carboxylic Acid 
(15e).—A mixture of 0.16 g (0.45 mmole) of 15d, 10 ml of coned 
HOI, and 3 ml of HOAe was heated at 100° in a sealed tube for 5 
days. After evaporation, the product was dissolved in 3 ml of 
H A and passed through a column of l)owex-l acetate. After 
evaporation of the effluent, the crude amino acid was recrys­
tallized from H 20-Me 2CO: mp 262-264°; vield, 61 mg (69'', ): 
tic (Fluor nil G) 3 :1 :1 , B U O H - H O A C - H A ' f t 0.55 (liinhvdrin, 
pink); ir (KBr) 1390 and 1530 (COO") and 1620 and 2400-2600 
c m - ' (CH3X + H2J: Anal. (C,iH,;iX()2 j H: 0 : calcd, 66.97: 
found, 69.01. 

Methyl 4-Aminomethylbicyclo[2.2.2] octane-1-carboxylate 
HC1 (15f).— A solution of 0.50 g (2.3 mmoles) of finely powdered 
7 -HC1 in 50 ml of SOCb was heated to reflux for 26 hr. After 
removal of the S0C12 in vacuo, 50 ml of abs MeOH was added 
and the solution refluxed for 20 hr. Evaporation and recrys-
tallization of the glassy solid from AIeOH-Et20 afforded fine 
needles: mp 218.5-220°; yield 310 mg (58% ). .Material dried at 
110° in vacuo proved to be a hemihvdrate: tie (sil G) 3 :1 :1 , 
B u O H - H O A c - H A ft 0.60 (ninhvdrin, pink): ir (KBr) 1720 
cm"1 (COOCHs); equiv wt calcd, 242.75, found. 237.74; pA" 
10.0 (HA) . Anal. (CnH,9NO2-HCl-0.5 H,0) C, H, 01, X. 

Benzyl4-Aminomethylbicyclo[2.2.2]octane-l-carboxylate HC1 
(15g).—A solution of 1.0 g (4.6 mmoles) of finely powdered 7-
HC1 in 100 ml of SOCl2 was heated at reflux for 32 hr. After 
removal of the S0C12 in vacuo, 100 ml of P h C H A H was added 
and the solution heated at 105° for 24 hr. Removal of the 
excess alcohol left a white solid, which crystallized from i-
PrOH-Et 2 0 as shiny plates: mp 170-174°: yield 1.15 g (81% ); 
tic (sil G) 3 :1 :1 , B u O H - H O A c - H A ft ".68 (ninhydrin, pink); 
ir (KBr) 1720 em"1 (C02CH2C9H:,): equiv wt calcd 309.8, found 
311.7; pA" 9.25 (309c EtOH in H20). Anal. (C17H23X02- HOI! 
II, CI, X; C: calcd, 65.90; found, 65.11. 

XII. 4-Aminomethylpentacyclo[4.2.0.0.250.as0.47]octane-l-
carboxylic Acid [4-Aminomethylcubane-l-carboxylic Acid (16)] 
(See Scheme I). Methyl hydrogen cubane-l,4-dicarboxylate 
(47) was prepared by saponification of dimethyl cubane-1,4-
dicarboxylate (46)30 with 1 equiv of XaOH following the proce­
dure of Roberts, el al.,ri for the bicyclo [2.2.2] octane series. The 
desired product 47 was obtained in 74% yield contaminated 
with small amounts of the corresponding diacid. Purification 
was achieved employing a Silicar 7G Analteeh Unibar in an 
ascending fashion using a 90:25:4, C6H6 -dioxane-HOAc system 
as the eluent, lit 0.73 (47) and 0.55 (diacid). Product 47 was 
recrystallized from EtOAc: mp 174.5 176°; iiinr (DMSO-r/ei 
a 3.70 (s, 3, C02CH3) and 4.22 (s, 6. cube). Anal.' (C„H„,(Vi 
C, H. 

Methyl 4-carboxamidocubane-l-carboxylate (48) was obtained 
in 51.7% yield from 47 by the mixed anhydride-anhydrous XH:, 
procedure used by Roberts, el al.,n in the bicyclo[2.2.2]octane 
series; using, however, T H F as a solvent rather than CHCIi. 
The product crystallized as lustrous plates from MeOH: in]) 
238-240° (prior'darkening at 228-238°): tic (sil G) 90:25:4. 
C6Ha-dioxane-HOAc, ft 0.35; nmr (DMS0-<A) S 3.63 (s, 3, 
OOOCH;,), 4.11 (s, 6, cube), and 6.8 7.3 ppm (broad, 2, OOXH2). 
Anal. (C„H„X0 3 )C , H, X. 

Methyl 4-cyanocubane-l-carboxylate (49) was prepared in 
79% yield from the amide ester 48 by dehydration with POCli in 
(01CH2)2 according to the method of Roberts, et a/.23 The cyano-
ester was recrystallized from abs EtOH: mp 145.5-147°: tic 
(sil G) 9:1, CJ l 6 -MeOH, ft 0.65 (H2H(X, char); nmr (01)01;,) 
S 3.70 (s, 3, COOCHs) and 4.32 ppm (s, 6, cube): ir (KBr) 2220 
(OX) and 1720 cm~' (COOCH3). Anal. (Ci,H,X02) C, H. 

4-Cyanocubane-l-carboxylic acid (50) was obtained in 8 1 ' , 
yield by saponification of 49 using the conditions described by 
Roberts, et a/.,23 in the bicyclo[2.2.2]octane series. The product 
(50) was purified by column chromatography (silica gel with 
CHOI;, -EtOAc eluerits): mp 196 202°; ir (KBr) 2220 (OX) 
and 1690 cm"1 (COOH). 

4-Aminomethylcubane-l-carboxylic Acid (16).—To 156 mg 
(0.90 mmole) of 50 dissolved in 25 ml of MeOH was added 10 ml 
of distilled H20, 0.50 ml of 6.0 A* HC1, and 100 mg of P t0 2 . The 
mixture was hydrogenated at 2.46 kg/em2 for 70 min. After 
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filtration to remove the catalyst, evaporation left the crude annuo 
acid-HCl: nmr ( D A ) S 3.32 (s, 2, CH2X) and an A3B3 pattern 
centered at 4.11 ppm (6, cube). For purification, the hydro­
chloride was converted into the free amino acid by passage of an 
aq solution over a column of Dowex-1 acetate and reerystalliza-
tiou (needles) from H20-Me2CO. The pure material (16) de­
composed without melting at 245-255° when placed in a pre­
heated oil bath at 180°: tic (sil G) 3: I : 1, BuOH-HOAc - H A 
A'f 0.60 (ninhydrin, yellow); ir (KBr) 2130, 1640, 1625, 1560, 
1530. 1500, 1460, 1400 (broad), 1310, 1240, 1200, 1170, 1160, 
and 760 cm"1. Anal. (O10HiiXO2) 0 , II, X. 

XIII. 6-Aminomethylspiro [3.3] heptane-2-carboxylic Acid (17) 
(See Scheme I). Methyl hydrogen spiro[3.3]heptane-2,6-
dicarboxylate (51 j was prepared in 18.6 ' , yield from dimethyl 
spiro[3.3]heptane-2,6-dicarboxylatel;1 and 1 equiv of NaOII, 
using the procedure of Roberts, el al.-° The mono acid 51 vv;b 
chromatographed on silica gel using CHC13 as an eluent to remove 
a small amount of the corresponding diacid. The product was 
recrystallized from hexane: mp 53-55°; tic (sil ( l i 90:25:4, 
CillV-dioxane-HOAc. ft 0.71. .1 rial. ( C ^ I R A ) II; O: calcd, 
60.59; found, 61.01. 

Methyl 6-carbamoylspiro[3.3[heptane-2-carboxylate (52) was 
prepared from 51 in 64.5% yield by the usual mixed anhydride 
anhydrous NH3 procedure.2" The product crystallized as shiny 
plates from CBH6: nip 148.5 150°: tic (sil G) 90:25:4. CBHf' 
dioxane-HOAc, A,- 0.50. Anal. ( C J I K X A ) O, II, X. 

Methyl 6-cyanospiro[3.3]heptane-2-carboxylate (53) was ob­
tained from 52 as an oil in about 60% yield by the usual POCls 
dehydration procedure:23 tic (sil G) CHC13, At 0.30: ir (neat; 
2210 em- ' (ON). 

6-Cyanospiro[3.3jheptane-2-carboxylic acid (54) was prepared 
from 53 and XaOH according to the usual procedure.211 The 
material was obtained in 4 3 r , yield from 52, mp 98- 101°; lie 
fsil G) 90:25:4, Cells dioxane-HOAc, ft 0.78. 

6-Aminomethylspiro[3.3]heptane-2-carboxylic Acid (17). To 
250 mg (1.51 mmoles) of 54 dissolved in 20 ml of abs EtOH were 
added 0.50 ml of 6.0 A" HC1 and 100 mg of P t0 2 . The mixture 
was hydrogenated at 2.11 kg •cm2 and room temperature for 1 
hr, then left to evaporate overnight. Subsequent studies in­
dicated that the desired amino acid-HCl was contaminated with 
a small quantity of the amino ester produced during hydrogena-
tion. Hydrolysis for 6 hr with 10 ml of 3 .V HC1 produced the 
pure amino acid-HCl (41') ), mp 154-158°. Dissolution in H2() 
and passage over a column of Dowex-1 acetate afforded the free 
amino acid: 68 mg; dec 255-260° (H2(.) Me20O); tic (sil G) 
3 :1 :1 , BuOH HOAc H A A',- 0.70 (ninhvdrin. pink); equiv wt 
calcd, 169.22, found. 168.96: pA, 4.4, pA, 10.2 ( H A - Anal 
(C.,H,;,XO-.) II. X; C: calcd, 63.88: found, 63.39. 

XIV. 6-Aminospiro[3.3]heptane-2-carboxylic acid (18) (see 
Scheme V) was prepared in about 30% yield from the amide ester 
52 by treatment with Br> and XaOMe, followed by acid hydroly­
sis of the resulting urethane to the amino acid 18, according 1o the 
procedure used by Roberts, it o/..2:l for the preparation of 12. 
The resulting hydrochloride vva.- converted into the free amino 
acid by passage over Dowex-1 acetate and the product recrystal­
lized from H-,() Me2CO. An air-dried hydrate, mp 233-236° 
afforded the pure amino acid after drying at 100° in vacuo: 
mp 218-220°: lie (sil G> 3 :1 :1 , BuOH -HOAc H.O, A, 0.45 
(ninhvdride, red); equiv wt calcd. 155.19, found, 145-150: pA; 
4.3, pA2 9.9 ( H A - Anal. (C„Hi.,N02l H, X: C: calcd, 61.91; 
found, 62.98. 

Biological Assay Methods.- Antifibrinolyttc activity in vitro 
was assessed by two statistically reliable methods. These are 
described briefly; the detailed procedures have been pub­
lished.22 

Method A. Inhibition of Clot Lysis Effected by Streptokinase-
Activated Human Plasminogen. -Human fibrin clots were pre­
pared by the addition of thrombin to a standard amount of human 
fibrinogen, human plasminogen, and streptokinase. The time 
for complete lysis was measured at 37° in the presence and absence 
of inhibitors. The concentration of the inhibitor which would 
increase the geometric mean lysis time by 50% was estimated. 
A concentration of 0.05 and 0.2 nig ml of t-aminoeaproic acid was 
used as a standard inhibitor preparation. Comparison of the 
test compound and the standard EACA preparation permitted 
the evaluation of the test substance potency relative to the 
standard. 
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Method B. Inhibition of Chemically Induced Lysis of a Pre­
formed Plasma Clot.—The clots were prepared from human 
plasma containing 125I-labeled human fibrinogen by the addition 
of CaCl2 and bovine thrombin. After thorough washing to 
remove loosely bound radioactivity, fibrinolysis was initiated by 
the addition of o-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 
antifibrinolytic compound was present in the ambient solution. 
Inhibition of the release of radioactivity from the plasma clot 
into the ambient solution is directly proportional to inhibition 
of 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-disubstituted-thiazoles and 4-[(4'-amino-2'-chloro)phenyl]-2-substituted-thiazoles have been synthesized 
and screened for antitumor activity. Many of the compounds displayed significant activity against L 1210 
lymphoid leukemia, Walker 256 (intramuscular), and Dunning leukemia (solid). 

The nonspecific cytotoxic effect of the N mustards 
has limited their use in the chemotherapy of cancer. 
The concept of "latent activity" whereby the drug is so 
designed as to be inactive per 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 N mustards and found them active 
enough in an experimental 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 N mustards 
and various arylamines. A number of compounds 
from this series displayed significant activity against 
Dunning leukemia (solid), lymphoid leukemia (L-1210), 
and Walker carcinosarcoma 256 (intramuscular). The 
substituent on the benzaldehyde N mustard greatly 
influenced the activity and specificity and the presence 
of a halogen in the meta position 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. In view of these findings the work 
has now been extended and Schiff bases of structure I 
from substituted benzaldehyde N mustards and 
various 4-(p-aminophenyl)thiazoles have been pre­
pared and screened to study the role of different sub-
stituents in the molecule. 
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(C1CH2CH2)2N-

X = Ale and H 
Y = CI and H 

CH=N-

I 

R = M, PhCH2 , PhOCH2 o- or p-toluoxy-
methyl, Ph, jj-MePh, p-MeOPh, and p-ClPh 
Ri = H, OMe, Ale, and F 
R2 = H, OMe and OEt 
R„ = H and OMe 

Chemistry.—The general method adopted for the 
preparation of Schiff bases, viz., heating a mixture of 
the amine and aldehyde in EtOH, though successful in 
certain cases was not particularly useful when the alde­
hyde was a liquid. In such cases the resulting com­
pounds were invariably viscous oils which could not be 
induced to crystallize. In a few cases the modified 
method recommended by Tipson and Clapp5 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 EtOH.6 In a short 
time the highly colored hydrochloride of the Schiff base 
separated out and the product was invariably found to 
be analytically pure with yields varying between 60 and 
70% (fable I). 

The required aldehyde mustards were prepared by 
hydroxyethylation of various anilines with ethylene 
oxide7 and then treating the products with POCl3 

in DMF.8 The requisite 4-(p-aminophenyl)thiazoles 
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