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SYNTHESIS OF NEW PROPHYLACTIC DRUGS:

N-{ 1-ARYL-2- (OR 3-, OR 4-)}-ADAMANTANEALKYL]-2-MERCAPTOACETAMIDINES

AND RELATED COMPOUNDS

A. Introduction

The results of our work between | August 1982 and 31 July 1983 arc
presented in this Report. The syntheses are described in several sections
appropriately grouped around the cheistry of 1-aryl-2- (or 3-, or 4-) adamantane-
alkylamines, 1. The conversion of 1 to the corresponding 2-mercaptoacetamidines
2 (and derivatives thercof), followed previously established mcthodologyl’2 and is
sketched out in Scheme I. Details of these syntheses are discussed at appropriate
points i this Report.

Ar Ar

(Cllz) nNH (CHZ) nI\HC (=NH) CH.,SH

2 2

B. Synthetic Approaches
1. 1-Aryl-3-adamantanemethylamines and related 2-mercaptoacetamidines
Most of the chernistry in this area has been described fully in Annual Report,
August 1982  ( | August 1981 - 31 July 1982). Mercaptans (9), disulfides (10),
Bunte salts (11), and phosphorothioates (8) based on 2 have been submitted where Ar
was 4-methylphenyl, 4-mcthoxyphenyl, 4-fluorophenyl and &4-methylthiophenyl.
T ' Specifically, these compounds arc WR 249914, 249915, 249939, 250021, 250022,
‘ 250023, 250081, 250282, 250083, 250084. Their full structures are in Tablc 1l of August

1982 Report and are rcpeated as part of their biological evaluations in Tables U
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evaluated. It is the 2-thienyl analog (WR 259393) whose synthesis is described

below (Schemes 1 and 1), w
The Friedel-Crafts reaction of |-bromo-3-adamantanecarboxylic acid (3) with

thiophene in the presence of stannic chloride produced a mixture of 1-(2-and 3- ‘

ttuenyl)- 3-adamantanecarboxylic acids, 12b and 13b, respectively. Gas chromnato-

. praphic analysis of the esters of these acids indicated that the ratio of 2-and 3-

o substitution in the thiophene ring was approximately 2:1. Scparation of these

isorners was attempted via the corresponding amides, 12c¢ and 13c. Partial

separation of the isomers by means of preparative liquid chromatography made it
possible to isolate 12c. Reduction of 12¢ to the amine 12d provided the precursors
for the corresponding mercapto acetamidine 9 (Ar = 2-thienyl). Separation of
rixtures of these isomneric amides (12¢, 13c), the corresponding amines (12d, 13d),

or, their formamides by various forms of column chroamtography (medium-pressure

xhrOlluAlUL',l’dphy3 or {lash (:hromulographyl‘) proved to be extrerely tedious and
were only marginally successful,

Identification of the isomeric 2- and 3-substituted thiophenes, was possible
only by mecans of proton nuclear ragnetic resonance spectroinetry (lH NMR) at
high ficlds. At 60 MHz, the three ring protons in 12 or 13 showed an ABC pattern.
However, at 180 MHz, the pattern changed to AMX, and the three ring protons in
cach isorner showed a pattern approaching first order, cach signal consisting of a
doublet of doublets. However, the relatively close values of the chernical shifts
and coupling constants required some established model compounds. The Friedel-
Crafts substitution of thiophenc by I-adatnantyl bromide has been reportcd.s’6
There were isolated 12a and 13a which were partly separated and their lH NMR

1

spectral patterns at 180 MHz were established (Table I). The "H NMR parameters

of 12a, 13a served as a model for the corresponding carboxamides, 12c¢ and 13c
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(Table 1). By mcans ol tedious chemcal methods, 1t had been possible 1o separat
-2 isorners 12a and l3a.5’6 These were converted to chlorormercuri derivatives, which
B were separated by fractional crystatlization. Protolysis of the pure chloromercurie
derivatives regenerated pure 12a or 133.5 To prove the structure of each purc
- isomer, 12a and 13a were desulfurized by Raney Ni to 1-(n-butyl)- and I-(scc-
A butyl)adamantane, rcspectivcly.> Unfortunately, chloromercuration of the carbox-
armndo analogs, 12¢ and 13c¢, yielded solid chloroimercuri derivatives which could not
be separated satisfactorily by fractional crystallization. Nor, was the Raney Ni
N desulfurization clean-cut. In the end, preparative liquid chromnatographic separa-
tion yiclded pure 12c which was identified by its lH NMR spectrum. Reduction ol
amide 12c yielded the amine 6 (Ar = 2-thienyl) which was converted by means of
!‘ methyl chloroacetimidate (generated in situ from chloroacetonitrile and methanol)
3 and HCI to the chloroacetamidinium salt, 7. The phosphorothioate 8 obtained from
7 and sodium phosphorothioate could not be purified sufficiently to produce an
acceptable analytical sample. Hence, 8 was hydrolyzed by dilute hydrochloric acid
" to the mercaptan 9 (Ar 2-thienyl) which was submitted and evaluated as WR-

250393,

2.  Approaches to the synthesis of l-aryl-2-adamantanemethylamines

The synthesis of a number of suitable |,2-disubstituted adamantanes is
plausible via the protoadamantane route. The literature preparation of 4-protoada-
tnantanone, 19, from l-adatnantanol, 1§ was rcproduciblc7 and the mechanisin of
formation is described in Scheme lll. The ketone 15 readily adds organometallic
. rcagents to form 4-alkyl or 4-aryl-4-protoadamantanols, 16.8'10 Rearrangement of

16 with acidic reagents, H*X", leads to 1,2-disubstituted adamantanes of type 18,

where the alkyl or aryl group R is at position | and the nucleophilic group X~ ends
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sl positon 2.47 Such a rearrangement of 16 by HX can be imagined to proceed
via the carbocation of 17,

Addition of phenyllithium or phenylmagnesium broinide to 1§ furnishes 4-
phenyl-4-endo-protoadamantanol, 19a and 4-phenyl-4-exo-protoadamantanol,

19b.”8

No attempt was made to scparate the stercoisomers 19. One had to be
cxtremely careful not to bring acidic reagents near 19 to avoid the elimination of
water to form the alkenc 21. For example, when the reaction mixture from the
organomncetallic reagent was decomposed and remained in contact with amimoniuin
chioride, the alkene 21 rather than 19 was the product. However, 21 would also
rearrange to the adamantane skeleton when exposed to strong acids. For example,
the reaction of 21 with HBr yiclded 20b.

Attempts to carry out a Grignard synthesis of l-phenyl-2-adamantanecar-
boxylic aeid from 20b proved to be disappointing. Reaction with good quality
magnesium yielded only the starting material, 20b. Extremely high grade magne-
swun (followed by COZ)’ produced l-phenyladarnantane, 22, (98%). Such a reduction
15 expected in view of a recent paper by Molle M.“ These authors reported that

in the absence of mechanical stirring, 2-bromoadamantane could form a Grignard

rcagent in ether in the presence of BrCHZCHzBr (about 60% yield) but upon workup
the major product was 2,2'-biadamantane (35%) and 2% adamantane. These authors
reported that carbonation of the Grignard recagent forined 2-broinoadamantane-
carboxylic acid in 50% yicld.Il Whes: coinparing their results with ours from |-
phenyl-2-bromnoadamantane, it could be that the neighboring phenyl group in the
Grignard reagent from 20b influences the course ol the Grighard reaction. It had
also been reported that the Grignard reaction on l-bromoadarmantane gave only
1, l'-bmdamantane.5

Alternate methods were sought to introduce a carbon fragment at the 2-

position of 20. A logical reaction would appear to be a nucleophilic displaceinent
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teac Bion ol bromde or sultonate by cyamde ion. However, the reaction of 20b

withh KON e the prescence of phase transfer catalysts gave back the starting
aterial, quantitatively. The next attempt to form the nitrile was via the
corresponding known p-toluencsulfonate, 25 and such an attempted displacement
also was unsuccessful. The sulfonate 25 was made by rearranging 19 with formic
acid to the formate, (23). Hydrolysis of this ester produced the alcohol 2&, which
was reacted with p-toluenesulfonyl chloride (TsCl) to afford 258 (Scheme IV).

Finally, 1-phenyl-2-adainantanol, 24, was reacted with trimethylsilyl chloride,
sodium iodide, sodiurn cyamide in acctonitrile and DMF according to a new
procedure to convert alcohols directly to nitriles.lo In spite of the fact that
nitriles were obtained froin cyclohexanol (16%), cholesterol (85%), 1-adamantanol,
(91%), we could not effect this conversion in our systern, even by going to very long
rcaction times.

Therefore, other methodology was sought (Scheme 1V). The alcohol, 24, was
oxidized readily by Jones' recagent (chromic oxide in sulfuric acid) to furnish the
ketone, 26 in acceptable yields.26 Using the Leusen reagcnt,12 the ketone was
converted to the nitrile, 27 in 65-70% yicld. The mechanisin of this conversion is
rather complex and has not been scttled, This "reductive cyanation” is believed to
proceed primarily by the mechanism shown in Scheme V. The by-products of the
reaction are p-toluenesulfinic acid and alkyl formates. Without discussing all of
the ramifications and some of the evidence which supports this complex mecha-
nism, suffice it to state that in the base-catalyzed reaction commences when
nucleophilic addition of the active inethylene groups of the isocyanide sulfone to
the ketone to form eventially an oxazoline, which can open up to ketenimine
derivative. Alcoholsis of the formy!l group leads eventually to the required nitrile.

Reduction of the rnutrile 26 with cither lithium aluminum hydride (LiAlHQ) or

diboranc-dinethyl sulfide complex according to the method of Brown and
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¢ did not pave s the expected annne, 30, Instead, a good yiedd ot e
syminetrical secondary amine, 28 was formed.
We then turned to the addition of water to the nitrile (base and hydrogen-

15 The amide was characterized and

peroxide catalyzed) to form the amide, 29.
rcduced by LiAlHq to forn the primary amine, 30. The incorporation of this amine
into the 2-mercaptoacetamidine systern is under study.

Another approach to the 1,2-disubstituted adamantane system utilized the
following rationale. The reaction of 4-protoadamantanone with dimethylsulfoxo-

niurn methide yielded a mixture of the endo- and exo-epoxides, 3l.8’16

It was
planned to react these epoxides with organometallic reagents. To ensure that ring

opening would proceed unilatcrally via the best carbocation, some AICI, was added

3
to the reaction mixture. It was hoped that the reaction of 31 with ArMgX would be
along one of two paths. Path A might have AlCl3-catalyzed ring-opening to give
the tertiary carbocation which might rearrange to the less strained secondary (2-
adarnantyl) carbocation and then be neutralized by the organometallic reagent to
give the alcohol 32. Such an alcohol should be a logical precursor to the primary
amine 33. Alternatively (Path B), the organometallic reagent might react directly
with the cpoxide to form the tertiary alcohol 3% which should rearrange quickly
during the reaction, or afterwards with acids to give 35. The reaction of 31 with
phenyllithium or phenylmagnesium bromide and AlCl3 to gave a complex mixture
of recaction products, which have not been resolved to date. However, none of the
expected products could be rcadily retrieved from this mixture. In view of the
recent paper on successful reactions of Friedel-Crafts reactions of some epoxides
with activated arcnes to forin aryl alcohols,” it was hoped to apply such a
rcaction to our systein. There should have been formed 37 and/or 38. The reaction

of 31 with anisole in the presence of SnCl,, the only product which was isolated

y!
was the known diol, 36, apparcently a product due to hydrolysis of 31, probably
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N formed during work-up. Preliminary products from another reaction of 31 with

F toluene and AlCl3 again gave at least 2 products as judged from TLC and spectral

LT data. Much further work is needed in this area.

Qh 3. Approaches to the synthesis of 1-aryl-4-adamantanemethylamines

: (Scheme VID

E Exploratory work towards the l,4-system followed the following approach.
Bromination of adamantanone, 39, in the presence of /\lBr3 in an improved
procedure18 yielded l-bromo-4-adamantanone, 40. Friedel-Crafts reaction with
benzene (AlClB) had been reported19 and yielded l-phenyl-4-adamantanone. A

cognate Friedcl-Crafts alkylation with toluene in our laboratory produced the 1-(4-
methylphenyl)-#-adamantanonc, 41. Reductive cyanation converted this ketone to

a mixture of nitriles, 42. The nitriles were reduced by LiAlH, to the corresponding

‘methylamines, #3. Scparation and characterization of the isomers of 43 nceds to
be addressed before these are incorpotated as the amino constituent of a

subsequent 2-mercaptoacetamidine (see Scheme ).

™

4.  Synthesis of 4-(1-adamantyl)benzylamines and the disulfide based on

T wTwewry

N—{l-adamantyI)benzyl-z-mercaptoacetamidine (Scheme VIII)

To explore the cffect of separating the lipophilic adamantane ring froin the

highly polar amidine group, a member of a possible series of w-[t4-(l1-adamantyl)-
s . phenyllalkylamines was prepared. The initial member was the simplest in such a
series, famely the benzylamine derivative, 44. Repeating the known Friedel-Crafts

alkylation20 of bromobenzene with l-bromoadamantane, 4-(1-adamantyl)bromoben-

Y

zene was obtained.
Using the standard Grignard method for the prepafation of the acid, and

subsequent conversion to the amine, it was possible to obtain 4% in good yield,

s . . T I T S I T T T T e e e
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Scheme 1l

snCl
ll || + Br ——)—-Ab

12
‘ a X=H a X=H
b X:COZH b X:COZH
- c X=CONH2 c X=C0NH2
& d )(:CHZNH2 d X:CHZNH2
; |
— |
F.- :
4 Table I. lH NMR Spectral Characteristics of 12 and 13 in CI)CI3
é
Chemical Shifts (ppm)
Compound downfield froimn Coupling Constants (Hz)
tetrarnethylsilane
H"2 ,1'3 H-l‘ H'S Jz"‘ 32’5 J3,q 33’5 J“,j
12a* - 6.80 6.92 | 7.10 - - 3.6 1.2 5.1
lZC - 6-75 608“ 7001 - - 306 1.2 Sol
13a* 6.86 - 7.02 | 7.17 1.2 3.0 - -- 5.1
13 688 -~ | 700|708 12 | 30| — | -~ | s
°

*Lit. values for the cherical shifts of 12a (CCl ) are 6.65 to 7.05 ppin and
that for 13a, 6.80 to 7.20 (Ref. 4,5).




Scheme 11l
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Waen thas prianary amine was treated with methyl chloroacetimidate, CH, ana
then sodiutn phosphorothioate (Scheme 1), an impure amidinium phosphorothioate
wus obtained. Even the resulting mercaptoacetamidine was difficult to handle, so
we prepared the stable disulfide as the first member in this series for testing (WR

205394).

5. Biological evaluation of testing data to date

Tables Il and Il list the "Acute Toxicities" and "Radioprotectant Activity" in
mice of the compounds submitted from this laboratory. While not complete, the
data points up the relative toxicity of these compounds but there is radioprotective
activity., The Bunte salt group (SSO3H) has been dropped and our efforts
concentrate on the synthesis of phosphorothioate (SP03H2), thiol (SH) and disul-
fides (-SS-) derivatives of 2-mercaptoaccetamidines, in that order.

No definite conclusions can be reached with the biological data on hand, at
present. It is hoped that additional examples will help to bring about the crcation

of a less toxic radioprotectant.
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Table Il: Summary of Acute Toxicity in Mice (ip Administration)

Ar
CH,NH-C (=NH)CH,S-Y
S\ R-No Ar Y Mol. Formula Vehicle Dose*  Deaths 30-Day
(Mol. Weight) mg/kg Survivors,
%
~209,939 4-methyl- 503H CZOHZSNZOBSZ 20% EtOH- 600 5/5 0
. phenvl (402.22) Tween 80 300 515 0
. ' el 150 315 0
N 75 5/5 0
37.5 5/5 0
18.75 3/5 40
9,38 0/5 100
LY
'1250,021  4-methoxy- disulfide  C, Hg CIN 055, 20%EtOH- 600 515 0
z phenyl (2 HCY) (759.46) Tween 80 300 5/5 ]
) 150 5/5 0
75 515 0
; 250,022 4-methoxy= PO,HNa C..H.,N, O, PSNa 20% EtOH- 600 5/5 0
150 5/5 0
75 3/5 40
‘ - -
" 250,023  4-methoxy- H C,oHgeCINOS  10% EtOH- 680 5;5 g
phenyl (HCI) Tween 80 300 515
% (380.73) 150 5/5 0
- 75 5/5 0
. 37.5 515 0
S 18.75  3/5 40
- 9.38 0/5 100
[
e
NPT R
T R s S A R R B R S SR S '-';":'j




Table Il Continued: Summary of Acute Toxicity in Mice (ip Administration)

Ar Y

Mol. Formula Vehicle Dosc* Deaths 30-Day
(Mol. Weight) mg/kg Survivors,
' 250,281 4-methyl- SO3H C20H28N203S3 20% DMSO- 120 3/5 40
o thiophenyl (440.22) 80% water 60 1/5 80
) 30 0/5 100
15 0/5 100
Klucel 120 1/5 80
60 0/5 100
30 0/5 100
= 290,282 4-methyl- POBHNa C20H28N203P03Na 20% EtOH- 102 5/5 0
: thiophenyl 3H-0 20% Emulphor 51 0/5 100
2 60% Saline 25.5 0/5 100
(516.27) 12.75 0/5 100
.~ 250,393 2-thienyl H C”stClNZSZ 20% EtOH- 600 5/5 0
X (HC)) (356.70) 80% water 300 5/5 0
' 150 5/5 0
75 5/5 0
37.5 5/5 ]
- N e
® 250,394  for structure disulfide C38H52C12N452 20% EtOH- 600 5/5 0
sce below ** (2 HC)) (699.42) 80% water 300 5/5 0
: y 150 5/5 0
e 75 0/5 100

T~

"-\\
*Drug dosage is expressed in mg/kg and is corrected for salt and water content.

* #Structure is [‘6-(l-Adm)CeH#CHzNH-C(:NH)CHZS]2 2 HCI, where 1-Adm is l-adamantyl.
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Table IIf Continued: Radioprotectant Activity in Mice

:7':‘ "~ R-No R Y Mol. Formula Drug Dose Drug 30 Day -
: (Mol. Weight) mg/kg* Related Survivors,
) Lethality S
L
05
a 0,023 OCH3 (H'Z‘.l) C20H29C1N205 lg _553
. (380.73)
. 4 0
F 2 0
-
[
E, '250,281 SCH3 SO,H C26H28N20353 60 1/10 50
o (440.22) 30 0/10 60
 ® : 15 G/l 50
:;:; 250,083 F PO3HNa C 19H25FN203PSNa 36 6/10 40
: 1.5 H,0 18 60
i - 2 9 80
(461.22)
[‘.{, 250,082 SCH3 PO5HNa C20H28N203P5Na 60 1/10 70
3 H.O 30 o/10 70
i 2 15 0/10 30
- (576.27)
g
. - 250,084 F disulfide CaoH F,CILN, S 36 10/10 0
- . (2 HCI) B il Y 18 8/10 20
I . .
- . 9 80
. ) ‘Drﬁg' ‘doses expressed as mg/kg corrected for salt and/or water content und were
'.' administered ip 30 minutes prior to radiation.
i (N .L\‘
: *#Percent of mice surviving at 30 days after treatment with drug and whole-body
..
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Table 11l Continucd: Radioprotectant Activity in Mice

Sbadh St 2 S Magt Bad ekl G '.“C"_‘T

WR-No R Y Mol. Formula Drug Dose Drug 30 Day
(Mol. Wcight) mg/kg* Related Survivors,
Lethality WRor #
250,023 OCH, (Hig‘l) C20H29CIN205 lg ;8
’ (380.73)
4 0
2 0
250,028 SCH, SO3H C26H28N20353 60 1/10 50
(440.22) 30 0/10 60
' 15 0/10 50
250,032 F PO,HNa C,gH,5FN,0,PSNa ?g 6/10 28
1.5 H,O
2 9 80
(461.22)
5 250,082 SCH3 POBHNa C20H28N203P5Na gg (l)/ 10 78
: 2 15 0/10 30
(576.27)
250,084 F d(n;t:_l'iécli)c C38H50F2C12N052 ?g 18%100 200
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*Drug doses expressed as mg/kg corrected for salt and/or water content and were
adininistered ip 30 minutes prior to radiation.

»»Percent of mice surviving at 30 days after treatment with drug and whole-body
irradiation of 1000 rads (LD
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- Experunental Section

Melting points are uncorrected and were determined on a Thomas Hoover
apparatus up to 240 °C and for cornpounds inelting over 240 °C on a Mel-Temnp
apparatus. Microanalyses were performed by Micro-Tech Laboratories, Skokie,

llinois. Proton (lH) NMR spectra were obtained at 60 MHz on a Varian T6OA

spectrometer equipped with a Nicolet TT-7 Fourier Transform Accessory and at

- 130 MHZz on a 180 MHz Bruker CPX-180 instrument. Chemical stults are reported
in parts per million (§) downficld from tetramcthylsilanc as internal standard. The

h abbrevations, br, s, d, t and m rcfer to broad, singlet, doublet, triplet, and

multiplet, respectively. Adamantane proton resonances were not resolved and

usually appeared as broad multiplets between 1.5 and 2.3 ppmn.

i Mass spectra (MS) were obtained by Mr. Richard Dvorak at 70 ¢V on either a

Perkin-Eliner Hitachi RMU7 or Varian MAT 112 spectroincter. The ions which are

listed are those with m/e greater than 100 and in general with intensities greater
than 20% of the base peak, unless otherwise deemed important. Relative
intensities are recorded as percentages of the base peak and are shown in
parentheses,

IR spectra were rccorded on a Nicolet MX-1 FT IR spectrophotometer.

Thin layer chromatograms (TLC) werc developed on 8 x 4 cm slides coated

with silica gel containing a fluorescent indicator (Eastman Chromagram Sheets,

No. 6060). Spots were visualized by UV light and/or exposure to iodine vapor. The

general statement "that solvents were rcinoved or distilled in vacuo”, implies that

Pl i
[N
LA

solvents were evaporated, in vacuo, usually of a rotary flash evaporator using a hot

water bath (40-90 °C; 20-30 Torr). All pure samples were dried at room

temperature, in vacuo, over CaCl2 or PZOS'

Silica gel for regular column chromatography was purchased from J.T. Baker

Ao A A ) £ "'-*_ o,
. o

Chem. Co., Phillipsburg, NJ (60-200 tnesh) and for medium pressure or flash

chrormatography was that of E. Merck's Kiesclgel 60 (230-400 mesh ASTM).
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ik hetonc als and solvenes were ased as purchasced, unless otherwise statea,
Tne 'H NMR spectra ot all reagents were obtained prior to use to cnhsure thewr

putity. Petroleurns ether reters Lo that fraction bp 30-60 °cC.

Starting materials

Chioroacctonitrile, l-bromoadamantane, was purchased from Aldrich Co.,
Milwaukee, Wisconsin, Trisodium phosphorothicate was made from thiophosphoryl
chloride (obtained from Alfa Products, Danver, Ma, 01923) by reaction with sodium

hydroxide, according to the method of Akcricldt.zo

l. Syntheses Leading To 1-Aryl-2-adamantanemethylamines

lI-Adamantanol. This hydrolysis was carried out according to the method of
Geluk and Schlutmann.21 A mixture of bromoadamantane (20 g, 0.093 mol), HCI
(6.67 N, 200 ml) and dimethylformamide (26 ml) were stirred at 109 °C for 0.5 h.
The reaction mixture was diluted with water (200 ml) and filtered. The solid was
washed several times with water and dried, in vacuo. The solid weighed 13 g (92%),

mp 272-274 °C (sealed capillary, sublimes, lit.2! mp 283-285 °C); TLC, R, 0.69

{
(CHCIB-CZHsOH, 5:1) showing the absence of l-bromoadamantanc, Rf 0.89; lH
NMR (CDCl;) 6 1.46 (br s, OH), 1.62-2.14 (in, Ad H).

4-Protoadamantanone. A 2-L three-necked flask was equipped with an
efficient mechanical stirrer and a reflux condenser and charged with dry benzene
(600 mli). The f{lask was placed in o water bath and stirring initiated, and lcad
tetraacetate (58.3 g, 0.132 mol), iodine (37.4 g, 0.147 mol) and 1-adamantanol (10.0
g, 0.066 mnol) were added. The reaction mixture turned dark red. The bath
temperature was gradually raised to 80 °C over a 20 min period and was then

allowed to cool to 70-75 °C. Stirring was continued for 2 h at 70-75 °C and for an

additional 1 h while the mixture was cooled to room temperature. Inorganic salts

22
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were hittered oft and carctully washed with ether (5 x 50 al). The benzene tiltoat
anc cther washings were combined in a 2-L separatory funnel and shaken with
saturated aqueous sodium bisulfite (500 ml) until the dark red color disappeared.
The layers were not separated. If the color reappeared within 10-15 mun, the
mixture was shaken again until colorless. The procedure was repeated as nany
Lines as necessary.  The layers were then separated and the organic layer was
washed with water (500 ml) and saturated sodium bicarbonate (250 ml). The
benzene-ether solution was dried (MgSOQ) for | h and concentrated in 4 round
bottomn flask (500 ml) with a rotary evaporator at a bath ternperature ot 40-50 “c.
The last 40 to 50 ml were removed without heating. The resulting crude, oily 10do
kctone was used immediately as it is therinally unstable and in the absence of
solvent the decomposition is rapid, even at room temperature.

The flask containing the 1odo ketone is equipped with a magnetic stirring bar
and & reflux condenser. A solution of potassium hydroxide (7.0 g, 0.125 mol) in
methanol (150 ml) was added and the mixture was stirred and heated under reflux
for 3 h. The contents of the flask were allowed to cool to room-temperature and
pourcd onto ice-water (300 mil). The resulting mixture was extracted with ether (5
x 100 mi). The combined cxtracts after washing with water (100 ml) were dried
(NaZSO“) and evaporated under reduced pressure leaving 3 yellow solid (8.5 g). A
solution of this crude product in chloroform (3 ml) was passed through a column
packed with neutral alumina (activity 1, 200 g). The column was eluted first with
pentanc (150 l) and then with ether-pentanc (3:7 v/v, 500 ml) and 25 ml fractions
were collected and analyzed by gas chromatography (OV 225, 140 oC, retention
ume 7 min) and fractions with 98% or morc purity were combined and cvaporated
atfording 4-protoadamantanonc (7.3 g, 72%) as a pale yellow solid, mp 202-204 °c.
The ketone was recrystallized from inethanol which raised the mp to 206-210 °C

(it mp 207-210°C); b MR (CDCIB) 6 1.01-2.92 (a series of complex ).
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4-Phenyl-4-protoadamantanol.  Phenylinagnesiuin bronade was prepared b,
retluxing a mixture of bromobenzene (2.9 g, 0.016 nol), mmagnesium turnings (G.35
e UL nol) and anhydrous cther (4G nl) tor 2 h (or until most ot the magnesiun
nud dissolved). A solution of 4-protoadamantanone (2 g, 0.013 mol) in anhydrous
cther (20 mil) was added dropwise and the reaction mixture cefluxed for 2 h, cooled,
treated with saturated ammonium chloride solution (10 ml) and extracted with
cther (3 x 25 ml). Ether extracts were washed well with saturated sodium
bicarbonate solution (2 x 50 nl) and then with water (50 inl). The extract was dricd
(Mzsoa) and evaporated, 1n vacuo, at room temperature, to furnish a waxy solid
(2.0 g, 679%) mp 83-84 °C; (1.5 1np 84-85 °C); 'H NMR (CCl,) 8 1.14-2.82 (m, Ad
H), 7.10-7.55 (m, ArH).

The same product was obtamed in sinmilar yield when phenyllithiuin was used.
This alcohol is extremely sensitive to clisnination by acidic rcagents.

4-Phenylprotoadamantene. A solution of 4-phenyl-t-protoadamantanol (2.0 g)
in HCL (5 N, 20 ml) was stirred at roomn temperature tor 30 min. The mixture was
diluted with water (100 mi), and extracted with ether (3 x 30 inl). The extract was
dried (NaZSOQ) and solvents cvaporated. The residue was chromatographed on a
column of silica gel (100 g) und was eluted by petroleum ether-ethyl acetate (19:1)
to give the alkene (1.6 g, 88%) as an oil; lH NMR (CDC13) § 1.1-3.15 (H-3), 6.49
(dd, H-5, 3=7.8, 1.8 Hz), 7.0-7.61 (m, Ar H).

1-Phenyl-2-bromoadamantane. 4-Phenylprotoadamantene (1.05 g, 0.005 mol)
was refluxed with HBr (48%, 10 inl) for 2 h, cooled, the mixture diluted with water
(106G ml), and extracted with ether (3 x 25 inl). The ether extract was washed with
water and  dried (Nazhuq). Solvents were evaporated and the residuc was

chiromatographed on silica gel (40 g). Llution with petroleum ether gave l-phenyi-

_  Z-bromoadaimantanc (1.08 g, 75%) 1np 80-81 °c; TLC lH NMR (CDCLB) § 1.49-2.65

@ (rh, adamnantane Hs), 4.84 (br s, CHBr), 7.30 (s, ArH); MS m/e, 292 (10), 290 (10),




- TS

Sk Gilge 2 A20) 129 U5) Anal, Caled, tor ( Br: C, 6594; 1, 6.9/, 1 i

16129
G, 6605 1, 6.60. .

1-Phenyl-2-chloroadamantane. 4-Phenylprotoadamantence (1.05 g, 0.005 mol)
was refiuxed with conc. HCL (10 mi) for 8 h. The reaction was monitored by NMR
and continued until the alkene had disappeared. The reaction iixture was cooled,
extracted with cther (3 x 50 inl), the extract dried (Nuzboa) and evaporated. The
product was recrystallized tromn petroleurn ether (0.85 g, 70%) mp 100-101 OC; lH
NMR ((Il)Cl.}) & 1.76-2.65 (i, Adamantanc H), 4.60 (br s, CHCI) 7.31 (s, C(,HS)'
Anal. Calcd. tor C, H, Cl: C, 77.85 H, 7.75>. Found: C, 78.02; H, 7.79.

16 °29
Attempted Synthesis of 1-Phenyladamantane-2-carboxlic acid via Grignard Synthesis.
1-Phenyi-2-bromoadamantane (2.25 g, 0.0077 mol), magnesium turnings (RMC-3,
99.98%; obtuined from Reade Manufacturing Co., Inc., Lakehurst, N.J., 1.8 g, 0.075
p-atuin) were piaced 1n a two necked tlask equipped with an efficient condenser
and o nitrogen anlet tube.  Anhydrous ether (dried over sodium tactal) was added
ahG the reaction nitiated by adding 1,2-dibrornoethane (0.25 mi) and the reuction
mixture was refluxed gently (35-40 °C) for 12 h. Upon cooling, anhydrous CO2 wus
passca through the mixture for 3 h. The reaction mixture was pourcd into ice-
water (150 inl) containing HCI (5 ml). The organic layer was separated and the
aqueous layer extracted with cther (2 x 50 ml). The combined extracts were
extracted with 10% NaOH solution (3 x 50 ml). Neutralization of the basic solution
with dil HCI, and upon extraction with ether (3 x 50 ml) did not yield any acidic

thaterial.

The neutral portion obtained by evaporation of ether (after sodium hydroxide
treatinent) pave o crystalline solid (1.5 g, 94%) mp 85-86 °C. The 'H NMR and
TLC of this corresponds to that of l-phenyladamantane (111.22 mp 87-39 °C). The

(hady spectrurh also showed that the product containined & small amount of o

~N
“
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when the above reaction was carried out as above, but pourmmg the e ion

e

'_‘Q; rmuxture onto Dry-lce, a 96% yield ot l-phenyladamantane was isolatea.  When

~ ordinary 1nagnesium turigngs were ased no reaction ocourred but startmg, -phenyl

Z-vromoadainantane was recovered in an alinost quantitative yield.

Attempted Synthesis of 1-Phenyl-2-adamantanecarbonstrile

\ From 1-Phenyl-2-haloadamantanc (Bromo or Chloro)

(' Redction of {-phenyl-2-bromoadamantane with KCN with or without phasce
transter catalyst lead to the quantitative recovery of the starting inaterial. No
reaction took place cven in presence of tetra-n-butyl amimonium broimide und the

.._ reaction mixture refluxed in toluene tor 24 h.

:"-.‘ From l-Phenyladamantanc-2-ol

-_."-"- Attempts rnade to replace hydroxy group directly by nitrile by iredtinent

‘. with Me Bbelz} were also utile and startny inaterial was recovered.

::j From 1-Phenyl-2-adamantyl-p-toluosulfonate

No I-phenyl-2-adamantanccarbonitrile was obtained when l-phenyi-2-ada-

mantyi-p-toluosultfonate was treated with KCN n toluene in prescnee ol a phasce-
transter-catalyst (tetra-n-butylaminonium bromide) at reflux temperature (24 h).
The starting material was rccovered (95%).

L I-Phenyl-2-adamantanol. 4-Phenyl-4-protoadamantancol prepared from 4-

“_-:'.: protoadasnantane (2 g, 0,015 mol) was retluxed with foriic acid (98%, 100 ml) for

:-_f': 36 nun and the solution was ¢vaporated 1n vacuo.  1-Phenyl-2-adamantyl forinate

.‘ »as obtained IH NMR ((:l)(:l.’) & 1.76-2.96 (iny Ad H), 5.38 (br s, 2-H), 7.27 (br s,

Arit), 7.98 (s, CHO) and was dissolved in acetone (160 inl) to be hydrolyze by

fh'; cetiuxy, withe 1N HCLH (80 mnl) tor 2 Lo Aller removal of volatile materiars, in

® vacuw, the residue was extracted with ether (3 x 50 mi), and the cther extract

26
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.- R
. .

N

.'.’u'- Yo e

uons eluted with 10% ethyl acetate provided pure l-phenyl-2-adamantanol (2.1 y,

\ 70% Dbased on 4-protoadamantanone) mp 70-71 °C (i3 mp 70-72 °C) 'H NMR
= (CCL,) §1.09 (s, OH, exchangable with D,0), 1.30-2.56 (m, AdH), 3.87 (br s, H-2),
fi‘: .24 (s, ArH).

:: 1-Phenyl-2-adamantyl p-toluenesulfonate. |-Phenyl-2-adamantanol 90.22 g,
i

0.001 mol) was dissolved in pyridine (3 ml) and cooled to 0 °C. Freshly purlied p-

.

toluenesulfonyl chloride (0.4 g, 0.002 mol) was added. After solution was affected,
the mixture was placed 1n the refrigerator for 3 days. Long needles of pyridine
hydrochloride separated. The reaction mixture was pourcd into ice-water (50 mi)
and the crystalline solid filtered, washed well with water and dried. The product

83 np 198-200 °C). The yield

was recrystallized from pentane, mp 192-194 °c (it.
was 0.31 g (75%); 'H NMR (CDCly) 6 1.55-2.58 (m, AdH), 2.35 (s, CH,) 6.90-7.36
{rn, ArH).

1-Phenyl-2-adamantanone. Jones' reagent were prepared by mixing chromic
oxide (1.3 g), conc. sulfuric ucid (1.1 ml) and water (3.9 ml). One ml of thus
solution was added to a stirred solution of 1-phenyl-2-adamantanol (0.5 g, 0.0022
mol) in acetone (10 ml). After stirring at room temperature for 2 h, excess
chromic acid was destroyed by the dropwisce addition of aqueous methanol. The
solution was concentrated, in vacuo, and water (100 i) was added. The product
was tiltered and recrystallized from pentane to produce the ketone (0.45 g, 90%),
wp 1522153 °C; (it.%* mp 152-153 °C); 'H NMR (CDCL,) 6 1.69-2.69 (m, AdH),
7.28 (s, ArH); MS m/e 227 (9.7), 226 (M", 55), 198 (25), 156 (20), 155 (100), 142 (9),

i2v (9), 118 (19), 115 (15), vl (25).
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I-Phenyl-2-adamantanccarbonitrile.  To an ice-cold solution of tosyhnethyl

A% o e 4
O
et

1isocyanide (1.29 g, 0.0066 mol) in dry DMSO (7.5 ml) was added t-BuOK (1.77 g,
¢ 0.0158 nol) in onc portion. After stirring for 5 min under N, methanol (0.29 )
was added, followed by |-phenyl-2-adamantanone (0.5 g, 0.0022 mol). The reaction
mixture was stirred for 1 h at room tempcrature and then 70 h at 45 °C in an
atmosphere of nitrogen. The mixture was diluted with water (20 ml), acidified with
2 N HCI to pH 6 and extracted with cther (3 x 50 ml). The ether extracts were
washed well with water and dried (NaZSOQ). Solvents were evaporated and the
residue chromatographed on silica gel (40 g). 1-Phenyl-2-adamantanecarbonitrile
(0.35 g, 72%) was eluted by benzene, mp 111-112 °c. Recrystallization from
aqueous cthanol raised the mp to 112-113 °C; TLC, Ry 0.7 (CHCIB); Iy NMR
(CDCIB) § 1.61-2.58 (m, AdH), 3.15 (br s, H-2), 7.34 (br s, ArH); MS m/e 239 91),

Y U

238 (12), 237 (M”, 64), 156 (18) 155 (100), 119 (10), 118 (57), 91 (22); IR (KBr) 2240

cm-l (\)CN). Anal. Calcd. for C Hl N: C, 86.03; H, 8.06; N, 5.90. Found: C,

17°°19

85.66; H, 8.23; N, 5.64.
The last benzene fraction from the coluinn consisted of tosyl oxazole (0.2 g),

mp 155-156 °C (it 2 mp 156-157 °C) whose !

H NMR spectrum corresponded to
the one in the literature.
Reduction of 1-Phenyl-2-adamantanccarbonitrile
Method A: With lithium aluminum hydride. A suspension of lithium aluminum
o hydride (0.42 g, 0.011 mol) in dry tetrahydrofuran (20 ml) was stirred (NZ
atinosphere) while a solution of l-phenyl-2-adamantanecarbonitrile (2.37 g, 0.0l
mol) in THF (15 ml) was added (30 min). The mixture was heated under reflux for
. 3.5 h, cooled, and decomposed with water (1.5 ml), followed by sodium hydroxide
(10%, 2.5 ml). Solids were filtered off and werc washed with THF (2 x 10 mi). The
THF filtrate was dried (NaZSO,‘) and cvaporated, in vacuo. The residuc was

° dissolved i c¢ther, filtered to free it from soine powdery solid (0.3 g, mp 210 °C).
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Characterization of thas product as still under investipation, Dry HCL pas was
passed in to an ethereal solution of the amine. The solid which precipitated was
filtered, washed several times with ether dnd recrystallized from aqucous c¢thanol
to yield the salt (0.12 g, 51%), mp 275-278 °C (dec. turns light brown at 260 °C);
'H NMR (CF3COOH) 8 1.48-2.29 (m, AdH), 3.49 (m, CHZN), 7.38 (m, ArH). Anal.
Caled. for C%HQBCIN: C, 81.31; H, 8.83; N, 2.78; Cl, 7.05. Found: C, 82.03; H,
8.70; N, 2.73; Cl, 6.82.

;:‘_t A small amount of the pure amine hydrochloride (0.1 g) was suspended in
i water and neutralized by 10% sodiurn hydroxide solution. [Lxtraction with cther
2 . . e .

! yielded the amine as gum which solidified upon standing (2 days); Iy NMR (CCl“) 8

1.25-2.40 (m, AdH), 2.77 (M, CH,N), 7.16 (m, ArH); MS m/e 464 (1) 463 (2, 3), 253
° (19), 252 (100), 240 (1), 223 (3), 155 (9), 129 (4), 117 (&), 115 (3), 105 (5).

Method B: With Borane-dimethylsulfide. An oven-dried 3-necked flask (100

!
P ml capacity) was cquipped with a septum-capped graduated dropping funnel, a
§ magnetic stirring, bar, Vigreux column attached to a distillation head and condenser
: with graduated cylinder as the receiver. The outlet is connected to a mercury-
»P] bubbler. A nitrogen atinosphere was maintained throughout the reaction. |-
E Phenyl-2-adamantanecarbonitrile (3.54 g, 0.015 mol) was dissolved in boiling
E tetrahydrofuran (7 ml, distilled over LAH). Borane-dimethyl sulfide (1.65 mi,
f. 0.0165 mol, 10 M solution in hexane, purchased from Aldrich) was transferrcd
. dircctly fromn the bottle to the dropping funnel through a double ended nccdle,
. .

using nitrogen pressure and was added dropwise to the reaction mixture (10 min),
® Dimethyl sulfide (1.2 ml) was distilled off and collected in the receiver. After 0.5

h, the reaction mixture was cooled to room temperature and HCI (6 N, 10 mnl) was

E added dropwise. Hydrogen evolved and the reaction mixture was heated under
t; reflux for 0.5 h. The solution was cooled, neutralized by adding NaOH (10%) and
-
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was extracted with chlorotorin (3 x 100 1nl), washed well with water and dricd

(Nazso,‘). After solvents have been evaporated, the residue was dissolved in
iethanol and dry HCI gas passed through the solution. Solvents were evaporated,
in vacuo, and the residue diluted with ether. The solid so obtained was filtered and
washed scveral times with ether. The product was recrystallized from aqueous
cthanol, mp 279-282 °C (dec.). It weighed 3.1 g (82%); Iy NMR, mass spectrum
and elemental analyses corresponded to the salt obtained from the lithium
aluminum hydride reduction in Mcthod A.

The amine hydrochloride was sparingly soluble in DMSO but moderately
soluble in methanol at room temperature. The amine was refluxed with acetic
anhydride and an acetyl derivative was obtained and its structure is under
investigation.

1-Phenyl-2-adamantanecarboxamide. 1-Phenyl-2-adamantanecarbonitrile
(0.24 g, 0.001 mol) was dissolved in methano! (10 ml) and dimethyl suifoxide (0.2
ml) was added followed by H202 (11%, 1 ml) and NaOH (0.2 M, 0.2 ml). The
reaction mixture was heated (50 °C) and monitored by TLC on a silica gel plate
using CHCl3 95% C,H OH (18:1, R, = 0.49). Starting material was virtually absent
from the TLC plate after 6 h. After removal of solvents, in vacuo, water (20 inl)
was added and the product filtered, and washed with water. Recrystallization from
methanol afforded long ncedle-shaped crystals (0.20 g, 78%) mp 160-161 °C; Iy
NMR (CDC13) § 1.52-2.84 (m, AdH), 4,92 (br s, CONHZ), 7.34 (s, ArH); IR (KBr)
showed absorption at 1656 (C=O stretching) and 3200 em™! (N-H stretching). Anal.

Calcd. for C,,H.,,NO*H

17121 20: C, 74.69; H, 8.48; N, 5.12, Found: C, 74.95; H, 8.66;

N, 5.13.
1-Phenyl-2-adamantylmethylamine hydrochloride. A solution of l-phenyl-2-
adamantanccarboxamide (0.51 g, .002 mol) in anhydrous THF (30 ml) was added

dropwisc 10 a well-stirred suspension of lithium aluminum hydride (0.4 g, 0.0l mol)




ST e AR S I.‘ ot
o Ca u_._.;‘g-fu.LL{sJ_k-L-,_; ‘_&LLL_L‘.L_A_AJ_&_‘J_L._;-_‘A P

[
i THEIE (26 ad) The reac lon uaxture was refluxed for 18 hy, cooled o 0 € ang

water (0.4 ml), NaOH (10%, 1.2 ml) and again water (0.4 ml) werc added. Solids
were filtered off, washed with ether, the combined organic filtrate was dried
(NuZSOu). After solvents were evaporated, the residue was mixed with anhydrous
cther and filtered to remove insoluble materials. Dry HCI gas was passed through
the ether filtrate and the amine hydrochloride was filtered, washed with cthcr._
The product was recrystallized from aqueous ethanol to yield 0.4 g (72%) mp 300-
302 °C (dec, starts turning yellow 265 °C); 'H NMR (CDCI,) 6 1.54-2.20 (AdH),
2.50 (CH,N), 7.29 (s, ArH), 8.03 (br s, RI'HB); MS /e 22 (M' + 1, 7), 241 (M', 36),
224 (30), 163 (41), 156 (22), 155 (94), 129 (29), 106 (56), 91 (100). Anal. Calcd. for
C17 ZQCIN: C, 73.49; H, 8.70; N, 5.04. Found: C, 73.09; H, 8.64; N, 4.75.
4-Epoxymethyleneprotoadamantane. The preparation represents an adapta-
tion of the literaturc methods.  To solution of 4-protoadamantanone (3.8 g, 0.025
mol) and trimethylsulfoxonium iodide (8.25 g, 0.037 mol) in dry dimethyl sulfoxide
(50 1) was added sodiuin hydride {0.75 g, 0.031 mol) under a strears of nitrogen.
The mixture was stirred at 50-55 °C for 18 h, cooled to 10 OC, and poured onto 1ce-
water (100 inl). The product was extracted with carbon tetrachloride and the
extract was wushed with water and dried (NaZSOQ) cvaporated in_vacuo to give da

waxy solid, mp 60-64 °C; (lit.gb’w

mp 62-64 °C); 1H NMR (CDCI,) 6 1.56-2.18 (m,
AdH), 2.60 (s, suggested for the CH2 of the endo isomer, AB quartet centered

about 2.60 for the exo isoiner, sce structure 31.
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2.  Syntheses Lecading Towards (1-Aryl-3-adamantanemethylamines and Related

2-Mercaptoacetamidines

1- or 2-Thienyi-3-adamantanecarboxylic Acid. To a boiling vigorously stirred
solution of 1-bromo-3-adamantanecarboxylic acid (5.2 g, 0.02 mol) in thiophene (30
ml), was added stannic chloride (5.2 g, 0.02 mol) during a period of 25 min. The
reaction mixture was refluxed for another 30 min, cooled and poured onto ice-
water (100 ml) containing conc. HCI (6 ml). The organic layer separated and the
aqueous layer extracted with benzene (2 x 25 inl). The combined organic layer was
washed well with water and treated with sodium hydroxide solution (10%, 75 ml)
which had been saturated with sodium chloride. The sodium salt of the acid
separated which was filtered and washed with saturated solution of sodium
chloride. The salt was suspended in water (50 ml) and acidified by the addition of
conc. hydrochloric acid., The acid was filtered, and washed with water and dried
(mp 100 °C). The yield was 2.5 g (47%). GC analysis of its methyl ester (prepared
for analysis from the acid and diazomethane) using an OV-225 Gas Chrom-Q
column, showed a mixturc of two isorners in the ratio of 2:1. The crude mixturc of
acid was converted into the corresponding amides which were partially separated
by preparative liquid chromatography. A small amount of the l- 2-thienyl-3-
adarmantanccarboxarmide (150 mg) on boiling with 10% sodium hydroxide solution (5

l

°c; 'H NMR

mi) for 18 h gave the corresponding acid (120 mg), mp 140-141
(CDCI,) at 60 MHz 6 1.74-2.51 (m, adamantane protons), 6.84-7.25 (m, thiophene
protons), 11.37 (br s, COZH). Anal. Calcd. for C15H18025' C, 68.66; H, 6.92.
Found: C, 68.29; H, 6.91.

1-(2-Thienyl)-3-adamantanecarboxamide. A mixture of the crude carboxylic
acids prepared above (4.25 g, 0.016 mol), phosphorous pentachloride (3.37 g, 0.016

inol) and carbon tetrachloride (10 ml) was refluxed for 1 h. volatile materials were

distilled in a flash evaporator and the residue treated thrice with carbon tetra-
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chioride (20 ml) and evaporated in vacuo. The residuc was dissolved in anhydrous
tetrahiydrofuran and it was added dropwise to a stirred ice-cold 28% ammoniuin
hydroxide solution (100 ml). After stirring overnight, the sohid (3.5 g, 82%) was
filtered and washed with water.

Complete separation of 3-(2- #nd 3-thienyl)-3-adamantanecarboxamides, (3d
and 3e) by medium pressure column chromatography or thin layer chromatography
(silica gel or alumina) proved difficult. For example, TLC on 0.25 mm silica gel
with a fluorscent indicator, PolygramR, SIL G/UVZM (Brinkmann Instruments Inc.)
gave only one spot, detected by UV light, RI = 0.45 (chloroforin-95% cthanol 9:1).
Preparative liquid chromatography on a WatcrsTM Auto-500A Chromatograph, and
a Prep PakR Silica (5.7 x 30.0 cm) column, flow rate 250 ml/min (refractive index
detector) separated 0.120 g of 3d from a 1.5 g mixture of 3d and 3e using cthyl

acetate-chloroform (3:1) as solvent; mp 120-122 °C 180 MHz L

H NMR (CDCI3) s
5.85 (d, CONHZ), 6.75 (dd, H-3 of thiophene), 6.84 (dd, H-4 of thiophene), 7.05 (dd,
H-5 of thiophene) J = 5.4, 1]

= 3.6, ] = 1.2 Hz; MS 263 (5), 262 (14), 261

4,5 3,4 3,5

(M*, 66), 217 (97), 161 (30) 149 (100). Anal. Calcd. for C NOS: C, 68.92; H,

15t19
7.32; N, 5.36; S, 12.25. Found: C, 68.68; H, 7.32; N, 5.36; S, 12.12.
1-(2-Thienyl)-3-adamantancmethylamine Hydrochloride. The pure 1-(2-
thienyl)-3-adamantanecarboxamide (2.4 g, 0.0091 mol) dissolved in anhydrous
tetrahydrofuran (40 ml) was added dropwise to a stirred suspension of lithium
aluminum hydride (1.75 g, 0.047 mol) in anhydrous tetrahydrofuran (150 mi). The
reaction mixture was refluxed for 24 h and worked up as usual by cooling and
adding water (1.75 ml), sodium hydroxide (10%, 5.2 ml) and again water (1.75 ml).
Solids were filtered off and washed with ether. The combined ether filtrate was

dried (NaZSO,‘) and the solvent evaporated and residue taken up in anhydrous ether,

f.ltered to rernove some insoluble material.
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the amine hydrochloride precipitated. It was [iltered, washed with water and
recrystullized fromn aqueous cthanol, mp 240-245 °C. The yicld was 2.1 g (81%); lH
NMR (DMSO-<_16) 1.58 to 1.80 (m, methylene protons of adamantane) 2.17 (br s,
bridgehead protons) 2.59 (br s, CHZN) 6.9 to 7.5 (m, thiophene protons) 8.01 (br s,
I'NH3); MS 249 (3) 248 (9) 247 (M*-HCI, 48) 218 (100), 217 (62), 135 (22), 134 (52),
133 (23). Anal. Calcd. for ClSHZZClNS: C, 63.46; H, 7.81; N, 4.93. Found: C,
63.06; H, 7.77; N, 4.87.

N- [1-(2-Thienyl-3-adamantanemethyl |-2-chloroacctamidinium Hydrochloride.
Chloroacetonitrile (0.58 g, 0.0077 mol) was added to a solution of sodium
methoxide (prepared from 0.0178 g of sodium in 6.2 ml of methanol) and stirred at

room temperature for | h. A solution of 1-(2-thienyl)-3-adamantanemethylamine

hydrochloride (2.2 g, 0.0077 mol) in methanol (30 ml) was added and pH adjusted to

4 by adding methanolic HCIl. The pH was tested by means of wet ALKAC[DR Test

paper (Fischer Scientific Co.). The rcaction mixturc was stirred at room
temperature for 2 h. Solvents were cvaporated, in vacuo, at room temperature and
the residuc was triturated with cther. The colorless white powder was filtered,
washed with ether and recrystallized from aqueous ethanol to give 2.3 g (92%) of
the chloracetamidine hydrochloride, mp 216-218 °c (dec); lH NMR (DMSO-_c_i_G) 8
1.6 to 1.76 (m, methylenc protons of adamantane) 2.11 (s br, bridgehead protons),
3.18 (s, CHZN), 4.58 (s, CHZCI), 6.88 to 7.36 (m, aromatic protons) and 8.61 (s br,

+
NH3). Anal. Calcd. for C CIZNZS'I HZO: C, 54.08; H, 6.94; N, 7.42. Found:

17t 24
C, 54.40; H, 6.95; N, 7.19.
Sodium S-{N-[ 3-(2-Thienyl)- 1-adamantanemethylcarboxamidinium methyl 1}
Phosphorothioate. A solution of N[ 3-(2-thienyl)-1-adamantylmethyl-a-chloroacet-
armidine lhydrochloride (0.50 g, 0.0014 mol) in aqueous ethanol (50%, 10 ml) was

added to a solution of {reshly prepared trisodium phosphorothioate (0.37 g, 0.0020
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ol) dissolved 1 water (9 al). The mixture was stirred under aitrogen tor 36 nan.

The precipitate was filtered and recrystallized from ethanol-ether, mp 118-120 °c
(decl). 1t weighed 0.48 g (81.3%); lIl NMR (C|73COOD) § 1.67-2.10 Gun, adainan-

tane protons), 3.15 (s, CH_N), 3.87 (d, CH.-S-P, J = 17 Hz), 6.85 to 7.25 (m,
2 2

P-H
thiophene protons). Microanalytical data was difficult to obtain. The best values
were as tollows. Anal. Calcd. for Cl7H21JN203PSZNa'6HZO: C, 38.49; H, 6.84; N,
5.28; S, 12.06. Found: C, 38.27; H, 5.58; N, 5.20; 5, 12.04.
N- | 1-(2-Thienyl)- 3-adamantanemethyl | -2-mercaptoacetamidinium Chloridc.

A solution of N-[ 1-(2-thienyl-3-adamantancmethyl J-2-chloroacetamidine hydro-
chloride (2.14 g, 0.006 mol) in 50% cthanol (20 ml) was added to a solution of
sodium phosphorothioate (1.08 g, 0.006 mol) in water (10 inl) and the mixture was
stirred at room temeprature for 30 min. After that period, 6 N HCI (15 ml) was
added and the reaction mixture was heated at 85-90 °C for 20 min. Upon cooling,
white crystals separated which were filtered and recrystallized from aqucous
cthanol. The yield was 1.6 g (74.7%) mp 185-187 °C (dec.); 'H NMR (DMSO—Q6) )

1.60-1.80 (m, CH.'s of adamantane ring), 2.11 (s br, bridgehecad protons), 3.09 (d,

2

CHZN), 3.54 (s, CHZS), 6.89 to 7.38 (i, thiophene protons) 8.93, 9.49 and 9.78 (br s,
+

NH-C;NHZ); IR (Nujol) shows § (C:NHZ) and v (C=N) at 1690 and 1650 em!

respectively. Anal. Calcd. for CI7H25CIN252: C, 57.19; H, 7.06; N, 7.84; S, 17.94,

Found: C, 57.21; H, 6.94; N, 7.39; S, 17.48.

3.  Approaches to the 1-Aryl-4-adamantanemethylamine System
1-Bromo-4-adamantanone. t-Butyl bromide (2 ml) was added dropwise to a
stirred mixture of anhydrous aluminum bromide (44.0 g, 0.165 mol), adamantanonec

(5 8, 0.033 inol) and brominc (10 ml, 0.195 mol) placed in a 100 il thick-walled

35




tound bottom thask.  The Tlask was closed with a tellon stopper and the reac tion
imixture was stirred at room temperature for 3 days. After allowing hydrogen
bromide to escape, the viscous reaction mixture was poured onto crushed ice and
extracted with methylene chloride (5 x 100 ml). The organic layer was decolorized
by shaking with 5% sodium bisulfite solution, washed with water (200 ml) and 5%
sodium bicrbonate solution (150 ml), dried over nagnesium sulfate. Evaporation in
vacuo resulted in an oil which was passed through a column 96 cm x 30 cm) of silica
gel (300 g, 50-100 u) and cluted with 3% acetone in petroleum ether. The
combined fractions containing the desired product on evaporation gave the bromo

ketone, 3.2 g (42%, iit.)3

yicld 72-80 %) which was further purified by crystalliza-
tion from petroleum ether (charcoal), mp 150-152 °c (lit.l8a mp 154 °C); 'H NMR
(CDC13) § 2.58 (br s, Ad protons), 2.26 (m, H-7), 2.06 (br s, H-10).

In later experunents following personal correspondence with the authors

18b

about the publishd procedure yields could be improved to (68-78%) by using

AlBr, (80 g, 0.3 mol) bromine (15 ml, 0.29 mol) and t-BuOH (1 ml) for 5 g of
adamantanonc.,

1-(4-Methylphenyl)-4-adamantanone. Aluminum chloride (2 g, 0.015 mol) was
gradually added to a stirred solution of 1-bromo-4-adamantanone (2.1 g, 0.009 mol)
in toluene (20 ml) and the reaction mixture refluxed for 1 h, poured onto icc-water
(150 ml) and the organic layer separated. The aqueous layer was extracted with
dichloromethane (3 x 50 ml). The combined organic phase was washed with water
(150 ) dried (Na,SO,) and evaporated, in vacuo. The residue was recrystallized
from petroleum ether to furnish crystals (2.2 g, 90%) mp 65-66 °C; lH NMR
(CDCly) & 2.08-2.32 (n), 2.6 (br s), (Ad Hs), 2.32 (s, CH3), 7.19 (br 5, Arll). MS
m/e 242 (2), 24) (M*, 15), 182 (33), 171 (16), 170 (30), 169 (100), 132 (22), 129 (24),
128 (24), 105 (70). Anal. Calcd. for CI7HZIO: C, 84.58; H, 8.77. Found: C, 84.29;
H, 8.37.
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1-(4-Mcthylphenyl)-4-adamantanccarbonitrile.  1-(4-Mcthylphenyl)-4-adainan

tanone (2.41 g, 0.01 mol) and tosylinethyl isocyanide (2.5 g, 0.013 mol) was
dissolved in dry 1,2-dirncthoxy ethance (DME, 35 ml) and absolute cthanol (1 ml) was
added and the mixture cooled to 5 to 10 °C. Solid 1-BuOK (2.8 g, 0.024 mol) was
added in small portions while stirring the solution around 5-10 °c. Stirring was
continued for 0.5 h without cooling and then for 3 h at 35-40 °C. The suspension
which was formed was cooled to room temperature with stirring. The precipitate
was filtered, washed with DME. The combined filtrate was evaporated in vacuo
and passed through a column of silica gel (80 g) and was eluted with benzene:petro-
leum ether (1:1) to give a dense oil which shows a single spot on TLC (silica gel)
plate in chloroform (Rf, 0.56); GC (OV 17 at 220 °C) showed the product to be a
mixture, probably the two isomers (syn and anti). Upon standing a long time,
necdle shaped crystals separated which were recrystallized froin acetone, mp 108-
110 °C, yield 1.6 g (62%); 'H NMR (CDCIB) § 1.62-2.81 (m, AdH), 2.32 (s, CH3).
7.05 (s, ArH). MS m/ec 253 (M* + 2, 2), 252 (M* + 1, 17), 251 (M*, 82) 169 (100), 132

(76), 105 (23), 91 (24). IR (Nujol) shows C N stretching at 2224 cm'l

. Anal. Calcd.
for C18H21N: C, 86.00; H, 8.42; N, 5.57. Found: C, 86.29; H, 8.29; N, 5.54.
1-(4-Methylphenyl)-4-adamantylmethylamine Hydrochloride. 1-(4-Methyl-
phenyl)-2-adamantanone (1.26 g, 0.005 mol) dissolved in dry THF (9 ml) was added
dropwise during a period of 0.5 h to a stirred suspension of lithium aluminum
hydride (0.23 g, 0.0055 mol) in dry THF (40 ml) in an atmosphere of nitrogen. The
inixture wsa heated under reflux for 2.5 h, cooled and treated with water (0.75 mol)
and NaOH (10%, 0.125 ml). After filtering the precipitate, the solid washed with
cther, the combined filtrate was dried (NQZSOQ). Solvents were removed, In vacuo,
and the residue taken up in anhydrous cther, filtered dry HCIl gas was passed into

the fultrate. The amine hydrochloride which had precipitated was filtered, washed

with ether and was recrystallized from ethanol-ether, (0.9 g, 62%), mp 240-245 °C;
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HENMR (I)Mbo-g6) A 1.99-2.00 (ny Ad Hs), 2.29 (s, Cl'l3), 2.93 (in, CHZN), 700 (s,
7.14), 8.19 (br s, NH,). MS pending. Anal. Calcd. for C gHpNCl: C, 74.07; H,

8.97; N, 4.79. Anal, pending for C, H. Found: C, 4.79.

4.  N-lL 4-(1-Adamantylbenzyl ]-2-mercaptoacetamidine and Derivatives.

1-(p-Bromophenyl)adamantane. 1-Bromoadamantane (33 g, 0.15 mol) was
dissolved in bromobenzene (255 ml) and added dropwise to a suspension of ferric
chloride (9.3 g) in bromobenzene (160 mi). The reaction mixture was refluxed for
3.5 h, then cooled and poured into cold water., The organic layer was separated and
aqueous layer extracted scveral times with benzene. The combined organic layer
was washed several times with water, dried (CaClz) and solvents were evaporated
in vacuo. The residue (22 g) was chromatographed on alumina (600 g). Elution with
petroleurn ether provided 19.0 g (60%) of the product, mp 100-101 °C (lit.22 mp
101-102 °C); 'H NMR (CNCl4) & 1.81-2.08 (adm H), 7.21, 7.41 (AA'BB' pattern of
aromatic protons).

4-(1-Adamantyl)benzoic Acid. A thrce necked flask was equipped with a
reflux condenser, a stirrer, a dropping funnel and a nitrogen inlet tube. Magnesium
turnings (0.96 g, 0.04 g-atom) were placed in the flask and a slow current of
nitrogen was passed throughout the experiment. A solution of methyl iodide (0.1
ml) in anhydrous THF (20 ml) was added. After the reaction had initiated and THF
started to boil gently, the mixture was commenced to stir. A mixture of 1-(4-
bromophenyl)admanatane (6.0 g, 0.02 mol) and methyl iodide (2.82 g, 0.02 mol) in
THF (30 mi) was added at such a rate that gentle boiling continued (75 min). The

reaction mixture was then refluxed for another 2 h, cooled and poured onto crushed

Dry-ice (150 g). After 1 h, dil. HCl (5 ml) was added and the mixture extracted
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with ether (3 x 100 ml). FEther extracts were washed with water (100 al) and then

treated with 10% NaOH (5 x 50 ml). The sodium hydroxide solution was separated,
boiled to resnove dissolved cther, cooled and neutralized by adding dil. HCL. The
acid was filtered, washed with water and recrystallized from ethyl acetate, mp

24,25 5 308-309, 316 °C). The yield was 3.4 g (66%); 'H NMR

306-307 °C (lit.
(DMSO-Q6) § 1.74-2.01 (AdH), 7.46, 7.839 (AA'BB', ArH).

4-(1-Adamantyl)benzamide. A mixture of 4-(l1-adamantyl)benzoic acid (2.0 g,
0.0078 mo!) phosphorous pentachloride (1.62 g, 0.0078 mol) in carbon tetrachloride
(40 ml) was refluxed for 1 h. Solvents were evaporated, in vacuo, and the residue
treated with carbon tetrachloride (20 ml) and reevaporated. This procedure was
repeated twice to remove any volatile phosphorous halides. The residue was taken
up in anhydrous benzene and added dropwise to stirred ammonium hydroxide (28%,
50 ml) at O °C. The mixture stirred for 8 h, extracted with ether (3 x 100 mi), the
ether phase washed with water and dried (NuZSOa). The product was recrystallized

from ethanol to yield 1.5 g (75%) of amide, mp 200-202 °c; !

H NMR (CDCl4) ¢
1.78-2.07 (m, AdH), 5.90 (br s, CONHZ), 7.42, 7.77 (m, AA'BBY', ArH). Anal. Calcd.
for C”HZION: C, 79.97; H, 8.29; N, 5.48. Found: C, 79.94; H, 8.31; N, 5.23.
4-(1-Adamantyl)benzylamine Hydrochloride. 4-(1-Adamantyl)benzamide (7.1
g, 0.0278 mol) was reduced as usual in a 3-necked flask fitted with condenser,
dropping funnel and CaCl2 tube (see prep. of 12d), using lithium aluminum hydride
(5.34 g, 0.139 mol) in anhydrous tetrahydrofuran (350 ml). The amine was taken up
in ether and treated with HCl gas. The hydrochloride was filtered, washed with
cther and recrystallized from aqucous cthanol. The yield was 6.0 g (78%), mp 304-

1

305 °C; 'H NMR (DMSO-(_!G) § 1.77-2.02 (m, adamantane protons’, : 35 (s, CHZN)

+
7.39 (s, aromatic protons) 8.22 (s br, NH3). Anal. Calcd. for C”HZQCIN: C, 73.46;

H, 8.71; N, 5.04. Found: C, 73.47; H, 8.80; N, 4.92.
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\ N-1 4-(1-Adamantyl)benzyl 1-2-chloroacetamidinium llydrochloride. s walt
Y

was obtained in 84% (3.0 g) yield from 4-(l-adamantyl)benzylamine hydrochloride
(2.77 g, 0.0l mol) by the standard procedure. Starting from chloroacetonitrile

(0.754% g, 0.01 mol) and sodium methoxide (prepared from 0.023 g of sodium in § ml

o
L
R.Q:
.
[
>

\._

of methanol) the amidine was prepared as described for the preparation of 7 (Ar -

2-thienyl). After recrystallization from aqueous ethanol, the product melted at

1

148-150 °C; H NMR (DMSO-Q6) 8 1.77-2.01 (m, adamantane ring protons), 4.50 (s,

CHZN, and CH Hj), 7.34 (s, ArH), 9.34 (s br, NH-C:NHZ). Anal. Calcd. for

2C6
C19H26C12N2: C, 64.55; H, 7.41; N, 7.92. Found: C, 64.34; H, 7.15; N, 7.49.

Sodium S-{ N-[ 4-(1-Adamantyl)benzyl] carboxamidinium Methyl } phosphorothioate.
A solution of N-l 4-(l-adamantyl)benzyl-]2-chloroacetamidinium hydrochloride
(0.50 g, 0.0014 mo!) was dissolved in aqueous ethanol (50%, 15 ml) and mixed with a
solution of trisodiutn thiophosphate (0.25 g, 0.0014 mol) in water (5 ml). The

mixture was stirred for 30 min in an atmosphere of nitrogen. The solid was

filtered, washed with little water (1 ml) and ether, and recrystallized from chtanol-

- cther, mp 120-121 °C. The yield was 0.4 g (75%); IH NMR (CDBCOZD) s 1.85-2.0
(m, adamantane protons), 3.88 (d, CH.-S-P, J 15.4 Hz), 4.53 (s br, CH,N) and

, 2 CH,-P 2

i 7.36 (s, aroinatic protons). The best analytical data were as follows: Anal. Calcd.

u for Cl9H26N25P03Na02H20: C, 50.44; H, 6.68; N, 6.19. Found: C, 50.15; H, 6.26;

- N, 5.47.

)-"‘

e N- [ 4-(1-adamantyl)benzyl jcarboxamidino)methy! disulfide dihydrochloride.

L:;.' A solution of N-[ 4-(1-adamantyl)benzyl |-2-chloroacetamidinium hydrochloride (2.5

E‘j g, 0.007 mol) in aqueous ethanol (50%, 20 ml) was added to a solution of trisodium

3

r. ' thiophosphate (1.8 g, 0.010 mol) in water (10 mi) and the mixture stirred for 30 min

ET (Nz). Then, 6 N HCI (15 ml) was added and mixture heat at 90-95 °C for 20 min

E (Nz). The solid which had separated turned gummy upon filtration and attempts to

@ crystallize this semi-solid froin ethanol-cther proved futile. The crude mercaptan
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was dissolved in methanol (10 i) and hydrochloric acid (1:1, 9 inl) and was oxidized

by 3% H,0, (2.4 ml), added dropwise (1.5 h). After another 1.5 h ut room
tcinperature, the mixturc was concentrated, in vacuo, the solid iiltcrcd and washed
with water (4 ml). After recrystallization from ethanol-ether, the product weighed
2.1 g (86%), mp 255-260 °C (dec); 'H NMR (DMSO-d,) & 1.74-2.03 (m, adamantane
protons), 3.94 (s, CHZ-S), 4.54 (d, CHZN), 7.35 (s, aromatic protons), 9.23, 9.72 and
10.46 (singlets, br, NH-C;NHZ). IR (Nujol) shows § (C:NHZ) and v (C=N) at 1690
and 1650 cm™ ! respectively. Anal. Calcd. for C38H52C12N“ 2¢ Cy 65.19; H, 7.49;
N, 8.00; S, 9.15. Found: C, 65.00; H, 7.49; N, 7.53; S, 9.04.
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