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I n  other experiments it was shown that virrually no 
alkylation occurred at -78" and that the preclpitate 
forrned at -2Qa was identical to that formed fro111 3 at 
- 20' in the absence of alkyl halide. 

Reacrion of the Lithio Derivative 4 with Benzoplzeno~~e 
To a solution of 4, generated froin 1.00 g (7.35 nimoles) 

of butane-1,4-sultone in 30 1111 or tetrahydrofuran at 
- 78" were added 1.30 g (7.2 ~umoles) of solid benzophe- 
none. The reaction mixtclre was stirred at - 78' for 10 min 
and then ~vorked up as described above. Recrystallization 
of the crude solid adduct from nlethylene chloride - Den- 

bands (CDCl,) occurred at 1.9-2.2 (m, 2H), 2.8-3.0 
(nl, 2H), 4.60 (t, J = 5.5 c.p.s., 2H), and 7.1-7.5 p.p.ni. 
(m, 10H). 

Anal. Calcd. for Cl,H,,O,S: C, 67.99; H, 5.37; S, 
10.66. Found: C ,  68.31; H, 5.45; S, 10.91. 
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tane gave 1.44 g (63 "/,) colorless needles, n1.p. 182-182.5". 
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S-[(N-Texrpenoid carboxa~anidin%um)metBayI] klhiosufffakes (Bnnte salts) as potential 
antiradiation agents 
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The synthesis of a number of a-acetamidinium Bunte salts, substituted on one of the nitrogen atoms 
by a terpenoid moiety, is reported. 

Canadian Jouinai of Chemistry, 47, 1233 (1969) 

It has been shown that a number of S-[(N- 
substituted carboxaniidii~i~imjmetllyi] thiosul- 
fates, -O,SSCH,C(=NH,+)NHR~ 1, are prom- 
ising radiation-protectiw compounds i:: mice (1, 
2). This paper ciescribes the synthesis of cieriva- 
lives of P in i?~l~ich one of tile arnidille nitrogen 
atoms bears a bigl-ily condensed aliphatic struc- 
ture. 11 has been observed in a series of k-(~- 
cycloall<aae)-alkyi derivatives of 1 [R = cj.clo- 
C,H,,-i-(CH,),,] that good activity was re- 
tained up to d< = 4-(cyciohexyl)butyl, (3). Pi1 a 
recent repor6 it was disclosed that those S-2- 
arninoetlhyl thiosuifates, HO,S,CPI,CH,NHIP, 

'The auiliors gratcfi:llp acknovvledge support for this 
project fro111 the Office of the Surgeon General, United 
States Army Medical Research snd De\e!opmeni 
Corn~l~and (Contract No. DA-49-193-MD-2047,h. 

bearing silllilarly constit~lted (cycloa!kane)alkyl 
suhscituents on nitrogen, were among tile best 
radiation-protective substances (4). The project 
described at present was designed to modify the 
polar character of P by introducing highly 
coude~~sed  aliphatic systems into tile molecule. 
By attaching bi- and tricyc!ic aliphatic ring 
systems to the arnidine fuilstion of I, it v;as 
lzoped to impart additional lipid solubility and 
possibiy facilitate transport of these substances 
through living systems. Toward this end, do inva- ' 

tibes of 1 bearing either terpelloid or adarnantane 
substitucnts were synthesized and their structures 
are listed in Table 1. 

The synthesis employed to prepare these com- 
pounds was as described previousiy (1-3). 
Methlyi a-cbloroacetirnidate is generated itr situ 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

SA
V

A
N

N
A

H
R

IV
N

A
T

L
A

B
B

F 
on

 1
1/

10
/1

4
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



CANADIAN JOURNAL OF CHEMISTRY. VOL. 47, 1969 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

SA
V

A
N

N
A

H
R

IV
N

A
T

L
A

B
B

F 
on

 1
1/

10
/1

4
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



NOTES 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

SA
V

A
N

N
A

H
R

IV
N

A
T

L
A

B
B

F 
on

 1
1/

10
/1

4
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



1236 CANADIAh JOURNAL OF CHEMISTKY. VOL. 47, 1969 

from the base-catalyzed addition of methanol to 
chlo~oacetonit~iie.  Addition of a primary arnine 
liydrochloride leads to the intermediate u- 
c h l o r o a c e t i ~ n i d i n i u m  c h l o r i d e ,  ClCP6,C- 
(--=NH,i)NPIR C1-. In the present series, only 
two of these chloroacetamidinium chlorides 
could be isolated as crystallille solids (see 
Experimental). The rest were transformed direet- 
ly by thiosulfate ion to the corresponding Bunte 
salt. The crystalline N-(I-adarnai7tanernetliyl)-a- 
chloroacetamidiiliuin chloride xvas converted via 
the phosphorotliioate method (5) to the corre- 
sponcling a-inercaptoacetan~idii i~~m chloride. 

The procedure for ascertaining in v l ~ o  activity 
of these con~pounds in mice was described in 
detail previously (2, La, 6). Of the compouncls 
tested, the N-bornyl and N-(cis-myrtany!) deriv- 
atives of 1, when admi~iistered oraliy or intra- 
peritoneally 15 min prior to irradiation (800- 
1000 R, X-rays) shoued a high su r~ iva l  rate a t  
one-ha!f to one-quarter of the toxic (LD,,) 
(.ioiage. 

Experimental 
Mcl!in= and hoi!ing points arc ~incorrected. Micro- 

anal~ses  Liere perfar~~ied by Mici-o-Tech Laboratories, 
Shonie, iliir~ois. Some nitrogen a:iai>ses Mere obtained by 
ithe iatej Mr. Leo Horner in this Department, ~ising a 
Coie1:ian mode! D-29. Froton niagnelic resonance (p.m.r.) 
spectra \\ere recorded by n~eans of a Varian A-60 
spcirorneter, vith tetrali~eti~ylsiialie znd sodium 3-(tri- 
mi-th)isiIyl:-!..:>rojianesilitonate as Internal scanaards in 
organic ai?d aqueorri niedlit, respecti>c!y. Chen1ical sbiftl 
are iecnrtied in 6,p.i-!I. (8) downfield from these ~nternal 
refereinces and niiiirip!i:iti:s are indicated by the usual 
abbrr'iaii:?ns, 

S:avi:;?g ,; :;l!ei.in!,\ 
Ttz hl 'oning clieniiczis ere purchased fron? Aldrich 

Clleniicni Co.: i:hIiir~a~ercni::~iic. norbornqisiie, (-I-@- 
gi::ene, 2.~0; bo: i~nnec8rboiiiti-ije, 1 -ada:ilantanecarboni- 
tr!';, 2-1:oi hora.~ar-?ine bqdroci-:ioridc and dehydroabictyl- 
anin?.  2-Boii12:aaiiii1!e [11l.:j. ! 59-169 , lit. ( 7 )  rn.p. Ik3"] 
u as puicl~ased ii.c.:n k- "r & Laboratories and conv?;red 
!.o :he i;:.d:.ochIa-ide b>- passing MCI gas througii a chilled . . ss: iticn of the anline in dry ether. 

eso-2-? orc5ari?icitn;;7ine Fr j  i/rochi'or.li/e 
'Tlie procecinre tc prepare the arnine has  aciaptcd ironi 

a recent literatu~e method (8), cxcept that hydroboration 
cE corhosn;.lene was acco:nplished i;i.re by ge~erating 
diboraae iur s i i u  i9j. The hqdrochloridc \;as obtained by 
adiiing e siighr excess of concentrated llCi to a solution 
of the free base in metharioi, folio-,,$ed by evaporation to 
drynesi. The yield uas  25%; p.m.r. (DZO) 6 3.23 (m, 1, 
enrio E-!), 2.44 (broad s, 2, bridgehead H), G.97-2.12 (m, 8, 
metilyiene H). The A'-acetjl derivative of the amine 
me!led at 138-140" [lit. (10) m.p. 139'1. 

The p,rn.r. sprcirulrl of somixercia! 2-ncrborcanamine 

hydroc!lloride (DZO) was as follows: 6 3.63 (m, 1 .  exo ti), 
2.42 (m,  2, bridgehead W), 0.87-2.17 (111, 8. methylene H). 
Since the a-methine and bridgehead hydrogens showed 
distinct signais from those of the synthetic exo con~pound, 
it \\as concluded that the purchased material is the erldo 
isoiiler. There is no indication that either sample nas a 
mixture of isomers. 

ci~-l\.lj~vmrl~.lu1ni?1e 
Tliis anline mas prepared b) a combination of the 

literature procedures for hydroboratioa of (-)-B-pinene 
(9) and amination of tlie resulting dialkylborane (8). The 
free base had b.p. 60-70' at 2-3 rnm [lit. (8) b.p. 60-61' at 
2 mm]; p.ni.r. (CDCi3) 6 2.67 (broad d, 2, J = 6.1 Hz, 
CH,X), 1.25-2.50 (111, 9), 1.17 (s, 3, CH,), 1.05 (s, NH), 
0.97 (s, 3, CH,). The yield was 15 "/. 

The it'-benzoyl derivative had n1.p. 103.5-104.5' [!it. 
(8) m.p.  105-106"]. 

c~?c/u-Z-Abi.Do~m12eiie1/1~~/~117ii~e N ~ ~ ~ i ~ o c I r I o ~ i c i e  
This compound has previously been obtained from the 

corresponding phthaliniido derivati\e ( I  I ,  12). 
A solution of 2-norbornanccarbonitrile (14 g) in dry 

trtrah>drofuran (40 nil) !$as added during I 11 to a stirred 
suspension of LiAIH, (7.6 g) in dry tetrah)drofuran (350 
ml) under a nitrogen atniosphere. The mixture \\as heated 
under reflux for ! h and cooled. The excess hydride Mas 
decoruposed by the dropnise addition of \taler (10 nil), 
and :0% NaOH solution (30 ml) \+as addcd with \,igorous 
stirring. The lilixture was filtered and the filtrate Lyas dried 
vier anhydrous Na2S0,, decanted, and evaporated iti 

iuciio at 40-50 , The residuai arnine \\as dissolved in 
nxthanol and treated uith a slight excess of concentrated 
HCI. Exaporation of the solLents in vac~lo and recrystal- 
lization of the residue from 2-propanol gavc 21.3 g of the 
l~ydrochloride (64 yo). 

The N-benzoyl derivative mas prepared directly from 
the hqdrochloride using pyridine as solvent and irielted at 
99-101.5" [lit. (12) m.p. 99.5-101.5 ; the exo N-benzoyl 
isomer reportedly has n1.p. 116-117'1. From the m.p. of 
the derivative it Mas conciuded that the comn~ercially 
available nitrile used for this reduction was the endo 
isomer. 

l-Adon!anta?lernetk4.1ai11ine 
This coiiipound has previously been prepared by 

reduction of I-adamantanecarboxamide (13). 
A suspension of LiA1H4 (4.2 g, 0 . i i  mole) in dry 

tetrahydrof~~ran (200 mi) was stirred in a nitrogen atmo- 
sphere and a solution of ! -adai11antanecarbonitrile (16.1 g, 
0.1 mole) in dry tetrahydrofuran (45 ml) \\as added during 
0.5 h. The n~ixture Mas heated under reflux for 2.5 h, 
cooled, and treated drop~vise with water (15 n ~ l )  and then 
20% NaOH (25 mi). The mixture was filtered, and the 
filtrate nas  dried over anhydrous NaZSO,, decanted, and 
evaporated in vacuo at 40-50'. The residual amine Mas 
distilled to yield 11.6 g (707;) of product, b.p., 95-97.' 
[lir. (13) b . ~ . ~  83-85'], p.m.r. (CDCI,) 6 2.30 (s, 2, 
CH,-I%), 1.97 (broad s, 3, bridgehead H), 1.73 (6 H). 
3.47 (6 M), 1.10 (s, NH). 

The ,V-benzoyl derivative had m.p. 144-145- [iit. (13) 
m.p. 142'1, 

S-(~ai.bo:~arrii~~iuiti)~?~ethj~/ Th!oj.~djktes H 
6 M solution of methyl a-cbloroacerimidare was 
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prepared by adding distilled chloroacetonitrile to the 
required airiount of a stock solution of NaOCH3 (0.1 K 
in n~cthanol), e.g., 20 rnn~ole to 20 ml. Formation of the 
imidate is readily follo\<ed by p.rn.r. (14) and mas found 
to he coniplete in 15 min under these conditions. 

One equibalent of the appropriate amine 11) drochloride 
\\ as then added, and stirring was continued for 30-45 min 
(see below for exception). A solution of one equivalent of 
Na ,S20 ,~5H,0  in an equal volume of water \+as then 
added, and n~ethanol a a s  evaporated in vnciro a1 25- or 
under a gentle stream of filtered air at 25,. Some dark tar 
generally separated, and evaporation was continued until 
solids began to separate. The supernatant liquid mas then 
decanted and chilled to obtain the product. The tar \-,as 
extracted once mith hot nater to recover any product 
trapped therein, and the combined product mas recrystal- 
lized either fro111 \later, ethanol or a i-uixture tliereof. 
Details are listed in Table 1. Yields arc based on chloro- 
acetonitrile. 

AT-(I-Acln~?inntnrieiiietl~j 1)-D-chloi.oncetai~~idine 
Hj'drochlo~.ide 

I-Adanlantanernetl~ylaniine (3.3 g, 0.07 mole) \\,as 
converted to the hqdrochioride by treatment with excess 
concentrated HC1 in methanol follo\\ed by evaporation 
of the solvent. Chioroacetonitrile (1.5 g, 0.02 mole) %as 
then stirrcd for 25 mil? nith NaOCH, soliition (20 rill), 
and the alui~le hgdrocliloride \vas added. The nlixture Mas 
stirred for 2 11 at rooill temperature. Some of the product 
(2.5 g) ~ h i c h  had precipitated, was filtered off and the 
filtrate was diluted with dry ether (100ml) to yield 
another 1.4 g of product, 111.p. 274-276'. The p.ni.r. 
spectra of the t\vo samples were identical, and the product 
was recrystallized froin~absolute ethanol. The total yield 
nzas 3.9 g (70%); and the product proved to be sparingly 
solubie in aa ter ;  p.m.r. (CF,CO,I-I) S 4.38 (s, 2. ClCH,), 
3.13 (broad d, 2, S = 5.0 Hz, CH2Nj, 2.06 (broad d. 
2, bridgehead H), 1.80, 1.67 (broad singlets, 12 total, 
!nethq-lene E-I.) 

Anal. Calcd. for C,3H22C12N2: C. 56.28; H, 7.97; N, 
10.20. Found: C, 56.50: H, 8.06; N: 10.27. 

S-.r~V- (Dei~j.dronbietj.l) cnrbo>:crrr~i&zirrni j iliethj.1; 
T/~iosirfite 

Dehydroabietyiacnine hydrochloride was precipitated 
by passing dry HCI through a soiutionl of the free arnine 
(mixed isomers) in dry ether. A solution of the amine 
hydrochioride (12.2 g )  in methanol (50 ml) was added to 
40 mi of 1 M methyl 3-chloroacetimidatc (see above). 
After 45 min, concentrated HCl (1 1111) ~vas  added, and 
most of tlie solvent nas  evaporated. Ether was added to 
precipitate inorganic solids, ~vhich \\ere removed by 
filtration. Thc solvents %ere again evaporated, the residue 
was dissolved in methanol (15 ml), and water was added 
in sn:all portions until solids began to separate. After 
several hours, 9.4 g were collected, n1.p. 138-146. The 
intermediate defied recrystallization from H 2 0 ,  organic 
solvents, and mixtures thereof. 

A 2.0 g sample of tlie solid \\as dissolved in \\arm 
nlixture of nater 625 rnl) and 95% ethanol (5 nil). and 
Na,S203 . 5 H 2 0  (1.25 g) in water (5 ml) \\a{ added \\it11 
stirrin?. The mixtiire /+as coolcd, and the precipitate was 
collected and \\ashed \\it11 hot water. Tlje dry \\eight \\as 
2.0 g. Additional details are listed in Table I. 

~?'-(l-Adirinflr~toneiiierI~ylj -.~-ii~er.coptonwrai~iii/b~e 
H~~droc/~loi.ide 

N-(I-Adamantanei1ict11yI)-3-cliloroacetaiin 11;dro- 
chloride (5.54 g) \\as suspended in a solution of Na,SPO, 
( 5 )  (4.0 g) in water (60 ml). T l ~ c  nlisture \\as stirred 
vigorously for 30 ~n in .  Tlic flask was then fluslled \+it11 
nitrogen, and 6,2- HC1 (35 ml) and 2-propanol (30 131) 
were added. Tile mixture \\as stirred, heated to 80-90 for 
20 min, and cooled. The product uas  collected, 5.0 g 
(91 :/,I, 111.p. 220.5-222.5' (deconlp.). Kzcrystallization 
from uatcr did not alter the deconlposition range. 

Anal. Calcd. for C,,H23CIN2S: C, 56.79; H,  8.43; N, 
10.19; S, 11.66. Found: C, 56.35; H, 8.36; N, 10.25: S, 
11.04. 
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