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SYNTHESIS OF NEW PROPHYLACTIC DRUGS:

N-4 I-ARYL-2- (OR 3-, OR 4-)-ADAMANTANEALKYLJ-2-MERCAPTOACETAMIDINES

AND RELATED COMPOUNDS

A. Introduction

The results of our work between 1 August 1982 and 31 July 1983 are

presented in this Report. The syntheses are described in several sections

appropridtely grouped around the chemistry of I-aryl-2- (or 3-, or 4-) adamantane-

.akylar|mnes, 1. The conversion of I to the corresponding 2-mercaptoacetamidines

1,2
2 (and derivatives thereof), followed previously established methodology and is

- sketched out in Scheme i. Details of these syntheses are discussed at appropriate

poil ts mi, this Report.

Ar Ar

(Cl 2 ) nN1 2 (Cl 2 ) n NHC (=Nl) CI1 2 S1I

2

B. Synthetic Approaches

1. l-Aryl-3-adamantanemethylamines and related 2-mercaptoacetamidines

Most of the cheinistry in this area has been described fully in Annual Report,

August 1982 ( I 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-methoxyphenyl, 4-fluorophenyl and 4-methylthiophenyl.

Specifically, these compounds are WR 249914, 249915, 249939, 250021, 250022,

250023, 250081, 250282, 250083, 250084. Their full structures are in Table Ii of August

1982 Report and are repeated as part of their biological evaluations in Tables Ii
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ol this R~eport. O'ne new ii ciiber iii t his serie'% has beei I rel .1rEO 1114!

evaluated. it is the 2-thienyl analog (WR 259393) whose synthesis is described

twlow (Schemes I and 11).

Thc Friedel-Crafts reaction of l-bromo-3-adamantanecarboxylic acid (3) with

thiophene in the presence of stannic chloride produced a mnixture of l-(2-anid 3-

t hienyl)- 3-adamantanecarboxylic acids, 121b and 1 3b, respectively. Gas chroi nato-

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

* substitution in the thiophene ring was approximately 2:1. Separation of these

isomers 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 12c to the aminei 12d provided the precursors

for the corresponding mercapto acetamidine 9 (Ar =2-thienyl). Separation of

mixtures of these isomneric ainides (12c, 13c), the corresponding amines (12d, 13d),

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

iiruinatiwgraphy 3or flash :hrumlatogruphy 4 proved to be extremely tedious and

were only marginally successful.

Identification of the isomeric 2- and 3-substituted thiophenes, was possible

only by mneans of proton nuclear mragnetic resonance spectromnetry (H NMR) at

high fields. At 60 MHz, the three ring protons in 12 or 13 showed an ABC pattern.

However, at 180 MI-z, the pattern changed to AMX, and the three ring protons in

CUChI ISOmer showed a pattern approaching first order, each signal consisting of a

doublet of doublets. However, the relatively close values of the chemnical shifts

And coupling constants required some established model compounds. The Friedel-

C:rafts substitution of thiophene by I-adairiantyl bromide has been reported. 5'6

There were isolated 12a and 13a which were partly separated and their IH NMR

spectral patterns at 180 MI-z were established (Table 1). The 1H NMR parameters

of 12a, 13a served as a model for the corresponding carboxamides, 12c and 13c

3



(T.ible 1). R y moani ol tc(Iiowi. (~II(.i iiillocl, it hadi~ bc'i jXIlbC t 1 CIIf.1

isorners 12a and 13a.' These wcrc converted to chlorornercuri derivatives, which

W er4e "(ep.irated by f ractionl i r y-tall izaktion. lProtolysis of the pure chloroi ienr it

5Oerivatives regenerated pure 12a or 13a. To prove the structure of each purv

isomner, 12a and 13a were desulfuri,.ed by Raney Ni to 1-(n-butyl)- and l-scc-

bu ty ladamantane, respectively. 5Unfortunately, chioromercuration of the carbox-

.1hh11du analogs, 12c and 13c, yielded solid chloroinercuri derivatives which could not

be separated satisfactorily by fractional crystallization. Nor, was the Raney Ni

dcsullurization clean-cut. In the end, preparative liquid chromnatographic separa-

tion yielded pure 12c which was identified by its I H NMR spectrum. Reduction of

urnide 12c yielded the amine 6 (Ar = 2-thienyl) which was converted by means of

* triethyl chloroacetimidatc (generated in situ from chloroacetonitrile and methanol)

and HCI to the chloroacetarnidiniurri salt, 7. The phosphorothioate 8 obtained from

* - 7 and sodium phosphorothioate could not be purified sufficiently to produce an

dx(:ceptable analytical sample. Hence, 8 was hydrolyzed by dilute hydrochloric acid

to the rIerralptart 9 (Ar 2-thienyl) which was submitted and evaluated as WR-

250393.

2. Approaches to the synthesis of I-aryl1-2-adamantanemethylamines

The synthesis of a number of suitable 1,2-disubstituted adamantanes is

* plausible via the protoadamantane route. The literature preparation of 4-protoada-

rIlI.ltanone, 1%, fromn 1-adainantanol, 14 was reproducible7 and the mechanism of

formation is described in Scheme MI. The ketone 15 readily adds organometallic

*reagents to form 4-alkyl or 4-aryl-4-protoadamnantanols, 16. 8-0Rearrangement of

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

where the alkyl or aryl group R is at position I and the nucleophilic group X ends

4



iO% pstion 2. Such a rearrangement of 16 by HX can be Imagined to pro( vct

v i the curbocation of 17.

Addition of phcnyllithium or phcnylmagncsium bromide to 15 furnishes 4-

phenyl-4-endo-protoadamantanol, 19a and 4-phenyl-4-e xo-protoadamantanol,

19b. 7,8 No attempt was made to separate the stercoisomers 19. One had to be

extremely 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

urganometullic reagent wasi decomiposed and remained in contact with aminonum

chloride, the alkene 21 rather than 19 was thle product. However, 21 would also

rearrange to the adamantane skeleton when exposed to strong acids. For example,

the reaction of 21 with HBr yielded 20b.

* Attempts to carry out a Grignard synthesis of l-phenyl-2-adamantanecar-

boxylic .Lcid from 20b proved to be disappointing. Reaction with good quality

magnesium yielded only the starting material, 20b. Extremely high grade magne-

%Ju1n (followed by GO 2 ), produiced I-phienyladainantane, 22, (98%). Such a reduction

rs expected in view of a recent paper by Molle et al. 1 ' These authors reported that

in the ubsence of mechanical stirring, 2-bromoadamantane could form a Grignurd

reagent in ether in the presence of IBrCH 2CH 2B aot6%yed u pnwru

the major product was 2,2'-biada I Tan tane (35%) and 2% adainantane. These authors

* reported that carbonation of the Grignard reagent formned 2-broinoudarrian cane-

c-Arboxylic acid in 50% yield.1  When' comparing their results with ours from 1-

plienyl-2-broinoadarnantanc, it could be that the neighboring phenyl group In thle

Urigiiard reagent from 20b influences the course of thc Grignard reaction. It had

ilso been reported that the Grignard reaction on I-bromoadamnantanc gave only

I, l'-biadarnantane.'

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

position of 20. A logical reaction would appear to be a nucleophilic displacemvent

5



.'q=-... ~ io. n ml)r kl ,i w o i d1 e o r su I lI ,on a t b y (ya n id e io n . H o w e ve r, th e re 'di tio n, ,I 2 0 1)

.. witlh KCaN in the presciice ol phase transfer catalysts gave back the starting

Y,.,, ,iiite~riul, quantitatively. "lhle liet attempt to formn the nitrile was viad the'

. ""corresponding known p-toluenesuifonate, 25 and such an attempted displacement

"" ,also was unsuccessful. The sulfonate 25 was made by rearranging 19 with formic

acid to the formnate, (23). Hydrolysi, of this ester produced the alcohol 24t, which

was reacted with p-toluenesulfonyl chloride (TsCI) to afford 258 (Scheme IV).

Finally, l-phenyl-2-adainantanol, 24, was reacted with trimethylsilyl chloride,

J udium iodide, sodium cyanide ini acetonitrile and DMF according to a new

procedure to convert alcohols directly to nitriles. In spite of the fact that

nitriles were obtained from cyclohexanol (16%), cholesterol (85%), -adamantanol,

(9i%), we could not effect this conversion in our system, even by going to very long

reaction times.

Therefore, other methodology was sought (Scheme IV). The alcohol, 24, was

oxidized readily by Jones' reagent (chromnic oxide in sulfuric acid) to furnish the

26 12
ketone, 26 in acceptable yields. Using the Leusen reagent, the ketone was

converted to the nitrile, 27 in 65-70% yield. The mechanism of this conversion is

rather complex and has not been settled. This "reductive cyanation" is believed to

proceed primarily by the mechanism shown in Scheme V. The by-products of the

reaction are L)-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 formyl group leads eventually to the required nitrile.

Reduction of the nitrile 26 with either lithium aluminum hydride (LiAIH ) or

diborane-dimethyl sulfide complex according to the method of Brown and

6
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," I, , I..'r' *13 4 did ilot )'IV( U'. il1" e' i 'lc 'el ,1ii1il1, 30. listc'id, ai good yieldI t ,"

* symmetrical secondary amine, 28 was formed.

We then turned to the addition of water to the nitrile (base and hydrogenl-

peroxide catalyzed) .o form the amide, 29. l1 The amide was characterized and

reduced by LiAIH 4 to form the primary amine, 30. The incorporation of this amine

into the 2-mercaptoacetamidine system is under study.

A/-nother approach to the 1,2-disubstituted adamantane system utilized the

following rationale. The reaction of 4-protoadamantanone with dimethylsulfoxo-

niuumr methide yielded a mixture of the endo- and exo-epoxides, 31.8,16 It was

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

opening would proceed unilaterally via the best carbocation, some AICI 3 was added

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 AICI 3-catalyzed ring-opening to give

the tertiary carbocation which might rearrange to the less strained secondary (2-

.darnantyl) carbocation and then be neutralized by the organometailic reagent to

),ive the alcohol 32. Such an alcohol should be a logical precursor to the primary

armine 33. Alternatively (Path B), the organometallic reagent might react directly

with the epoxide to form the tertiary alcohol 34 which should rearrange quickly

!: during the reaction, or afterwards with acids to give 35. The reaction of 31 with

. phenyllithium or phenylmagnesium bromide and AIC3 to gave a complex mixture

o of reaction products, which have not been resolved to date. However, none of the

" expected products could be readily retrieved from this mixture. In view of the

.. recent paper on successful reactions of Friedel-Crafts reactions of some epoxides
:i 17

o with a(:tivated arenes to form aryl alcohols, it was hoped to apply such a

reaction to our system. There should have been formed 37 and/or 38. The reaction

- of 31 with anisole in the presence of SnCI 4 , the only product which was isolated

was the known diol, 36, apparently a product due to hydrolysis of 31, probably

7
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formed during work-up. Preliminary products from another reaction of 31 with

toluene and AICI 3 again gave at least 2 products as judged from TLC and spectral

data. Much further work is needed in this area.

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

(Scheme VID

Exploratory work towards the 1,4-system followed the following approach.

Bromination of adamantanone, 39, in the presence of AIBr3 in an improved

Isprocedure yielded 1-bromo-4-adamantanone, 40. Friedel-Crafts reaction with

benzene (AICI 3 ) had been reported 19 and yielded -phenyl-4-adamantanone. A

cognate Friedcl-Crafts alkylation with toluene in our laboratory produced the l-(4-

methylphenyl)-4-adamantanone, 41. Reductive cyanation converted this ketone to

a mixture of nitriles, 42. The nitriles were reduced by LiAIH4 to the corresponding

methylamines, 43. Separation and characterization of the isomers of 43 needs to

be addressed before these are incorporated as the amino constituent of a

subsequent 2-mercaptoacetamidine (see Scheme I).

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

N-(1-adamantyl)benzyl-2-mercaptoacetamidine (Scheme VII)

r To exp'ore the effect of separating the lipophilic adatnantane ring fron the

highly polar amidine group, a member of a possible series of W-[4-(1-adamantyl)-

phenyl]alkylamines was prepared. The initial member was the simplest in such a

. series, famely the benzylamine derivative, 44. Repeating the known Friedel-Crafts

alkylation2 0 of bromobenzene with I-bromoadamantane, 4-(1 -adamantyl)bromoben-

zene was obtained.

Using the standard Grignard method for the preparation of the acid, and

subsequent conversion to the amine, it was possible to obtain 44 in good yield.

8
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Scheme I
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Scheme 11

xx x+ 3 4

! '12 13

a X=H a X=H

b X=CO 2 H b X-CO 2H

c X=CONH 2  c X=CON-1 2
d X=CH 2 NH 2  d X=CH 2 NH 2

Table 1. H NMR Spectral Characteristics of 12 and 13 in CDCI 3

Chemical 5hifts (ppm)
Compound downfield from Coupling Constants (Hz)

tctranethylsilanc

1-2 t-3 H1-4 H-S 32,4 32,5 3,4 33,5 34,5

12a* 6.80 6.92 7.10 3.6 1.2 5.1

12c -- 6.75 6.84 7.01 .. .. 3.6 1.2 5.1

13a* 6.86 -- 7.02 7.17 1.2 3.0 5.1

1k 6.88 7.00 7.18 1.2 3.0 -5.1

*Lit. values for the chemical shifts of 12a (CCI ) are 6.65 to 7.05 ppm .nd
that for 13a, 6.80 to 7.20 (Ref. 4,5).
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Scheme III
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Scheme IV
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Schemec V
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Scheme VI
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Scheme VII
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'Ane tl' his primairy ainfe wdS% treAted wi th meithyl cthIroaretirnidate, HC I, .Wd~

then sodium phosphorothioate (Scheme i), an impure amidinium phosphorothioute

wuas obtuined. Even thc resulting inercaptoacetairtidine 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 11 and Ill 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 sult group (SSO H) has been dropped and our efforts

concentrate on the synthesis of phosphorothioate (SPO 3 H 2), thiol (SH-) and disul-

*f ides (-SS-) derivatives of 2-mercaptoacetainidines, 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 creation

of a less toxic radioprotectant.

61



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

CH 2 NII-C (=NiI) CHI 2 S-Y
h

1W R-No Ar Y Mol. Formula Vehicle Dose* Deaths 30-Day

(Mol. Weight) mg/kg Survivors,

249,939 4-methyl- SO 3H C 20 H2 8 N2 0 3 S2  20% EtOH- 600 5/5 0

phenvi (4cZ.2? Tween 90 300 5/5 0
( .2)150 j/5 0

75 515 0
37.5 51.5 0
18.75 3/5 40
9.38 0/5 100

'250,021 4-methoxy- disulfide C 0 H5 6 CI2 N4 O'S 2  20% EtOH- 600 5/5 0

phenyl (2 HCI) (75946) Tween 80 300 5/5 0
," 150 5/5 0

75 515 0

1 250,022 4-methox)" PO3 HNa C 20H2N40 PSNa 20% EtOH- 600 5/5 0
300 5/5 0

150 5/5 0
75 3/5 40

250,023 4-methoxy- H C2 0 2 9 CINOS 10% EtOH- 600 5/5 0
phenyl (HCI) (380.73) Tween 80 300 5/5 0

-- 150 5/5 0
75 5/5 0
37.5 5/5 0

4 18.75 3/5 40
9.38 0/5 100

17
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Table HI Continued: Summar.y of Acute Toxicity in Mice (ip Administration)

-No Ar Y Mol. Formula Vehicle Dose* Deaths 30-DayI
(Mo!. Weight) mg/kg Survivors,'

J,281 4-rnethyl- so 3H C20H28N2O3S3  2%D 0- 120 3/5 40
*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

21 22 4-methyl- PO HNa C20 H 8N20a1PO Na 20% EtOH- 102 5/5 0
thiophenyl 32 293 3 20% Emulphor 51 0/5 100

ll060% Saline 25.5 0/5 100
(516.27) 12.75 0/5 100

~250,393 2-thicnyl HI C 1H2 C1N S2  20% EtOH- 600 515 0
(HO) 80% water 300 5/5 0(356.70) 150 550

75 5/5 0
37.5 5/5 0

*250,394 for structure disulf ide C38 H 2 C12 N 52  20% EtOI-I- 600 515 0
see below"* (2 HO) (699224 2 80% water 300 515 0

1 50 5/5 0
75 0/5 100

* DrUg dosage is expressed in mng/kg and is corrected for salt and water content.

**Structure is ri4-(1-Adm)C H ICH NH-C(=NH)CHSJ 2 HCI, where 1-Admn is 1-adarnantyl.

18



Table Hl Continued: Radioprotectant Activity in Mice

-No R Y Mol. Formula Drug Dose Drug 30 Day
(Mol. Weight) mg/kg* Related Survivors,

Lethality %*

:.-.50,023 OCH, H C2 0 H2 9 CIN 2 0S 16 50
(HCI) (380.73) 8 30

4 0
2 0

250,281 SCH 3  SO3H C2 6 H2 N2 0]S3  60 1/10 50
* (440.22) 30 0/10 60

15 G'A0 50

250,083 F PO 3HNa C 1 9 KH2 5 FN2 0 3 PSNa 36 6/10 40

1.5 H0 is 60
2 9 80

(461.22)

250,082 SCH, PO 3 HNa C2 0 H2 8 N2 0 3 PSNa 60 1/10 7033 20 30 0/10 702 0 15 0/10 30
(576.27)

.' 250,084 F disulfide C 3 8 .- 0 F2 C12 N4g 2  36 10110 0

\,, (2 MCI) (735.40) 18 8/10 20
9 80

Drug doses expressed as mg/kg corrected for salt and/or water content Ind were
administered ip 30 minutes prior to radiation.

0
**Percent of mice surviving at 30 days after treatment with drug and whole-body

irradiation of 1000 rads (LDI 0 0 /3 0 ).0100/3

19

[7



9
-L7

Table Ill COuiiUcd: Radioprotectant Activity ini Mice

WiR-No R Y Mol. Formula Drug Dose Drug 30 Day
(Mol. Weight) mg/kg* Related Survivors,

Lethality

250,023 OCH 3  H C20 H2 9CIN 2 OS 16 50
(HCi) (380.73) 8 30

4 0
2 0-

250,028 SCH 3  SO 3H C2 6 H28 N2 0 3S3  60 1/10 50

(440.22) 15 0/10 50

250,032 F PO3HNa C 19 H2 5FN 20 3PSNa 36 6/10 40
1.5 H0 18 60

2 9 80
(461.22)

250,082 SCH 3  PO3HNa C2 0 H2 8 N20 3PSNa 60 1/10 70
3 "030 0/10 70
3 H20 15 0/10 30

(576.27)

250,084 F disulfide C38 H5 0 F2 C12 N4 S2  36 10/10 0
(2 HC) (740) 18 8/10 20

9 80

0 *Drug doses expressed as mg/kg corrected for salt and/or water content and were
o
- ~ dadministered ip 30 minutes prior to radiation.

-Percent of mice surviving at 30 days after treatment with drug and whole-body
irradiation of 1000 rads (LD10 0 / 30).

2
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:xI-x)rii(fntl .Se(t ion

Melting points are uncorrected and were determined on a Thomas Hoover

a pparatus up to 240 °C and for compounds inelting over 240 °C on a Mel-'reirnp

apparatus. Microanalyses were performed by Micro-Tech Laboratories, Skokie,

Illinois. Proton ( H) NMR spectra were obtained at 60 MHi on a Varian T(0A

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

180 MHz on a 180 MHz PBruker CPX-180 instrument. Chemi:cal shifts are reported

in parts per million (5) downfield from tetramethylsilane as internal standard. The

abbrevations, br, s, d, t and in refer 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 ppm.

* Mass spectra (MS) were obtained by Mr. Richard Dvorak at 70 eV on either a

Perkin-Elmner Hitachi RMU7 or Varian MAT 112 spectrometer. The ions which are

* listed are those with mle 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 recorded on a Nicolet MX-l FT IR spectrophotometer.

Thin layer chromatograms (TLC) were 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 removed or distilled in vacuo", implies that

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

water bath (40-90 0 C; 20-30 Torr). All pure samples were dried at room

temperature, in vacuo, over CaCI 2 or P2 0 5.

Silica gel for regular column chromatography was purchased from .T. B~aker

Chemn. Co., Phillipsburg, NJ (60-200 mesh) and for medium pressure or flush

chromatography was that of E. Merck's Kieselgel 60 (230-400 mesh ASTM).
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Tne H-i NMI. spectra o all reagents were obtained prior to use to ensurt tleir

p, ity. PcLru.lrt i, ctlictr rc lcr, L that lr.ctioii bp 30-60 UC.

Starting materials

Chloroacetonitrile, 1-bromoadamantane, was purchased from Aldrich Co.,

Milwaukee, Wisconsin. Trisodium phosphorothioate was made from thiophosphoryl

chloride (obtained from Alla Products, Danver, Ma, 01923) by reaction with sodium

hydroxide, according to the method of Akcrfeldt. 2 0

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

-Adamantanol. This hydrolysis was carried out according to the method of

L,uchtk and Schlamann. A imixture of bromoadamantane (20 g, 0.093 muol), HCI

(0.67 N, 200 ml) and dimethylforinarnide (26 ml) were stirred at 105 0°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%),

0 .21 0
mp 272-274 C (sealed capillary, sublimes, lit. mp 283-285 C); TLC, R1 0.69

(ClICI H OH, 5:1) showing the absence of I-bromoadamantane, R 0.89; H(C C3-C2H H 5hwn Rf

NMIR (CDCI ) 6 1.46 (br s, OH), 1.62-2.14 (in, Ad H).3

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 ml). The flask was placed in a water bath and stirring initiated, and lead

tetraacetate (58.3 g, 0.132 tmol), iodine (37.4 g, 0.147 mol) and I-adamantanol (10.0

g, 0.066 triol) were added. The reaction mixture turned dark red. The bath
60
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 oC and for an

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

22



yrc it're. oi a.nl carelily w ihd itwitl ether (0 x 50 il). The Ibelhnz m Iiltr.1

in c ether w-shings were combined in a 2-L separatory funnel and shaken witni

."ttjruteca aqueous sodium bisulfite (500 rnl) until the dark red color disppe'ared.

The layers were not separated. If the color reappeared within 10-15 mi, the

mixture was shaken again until colorlcss. The procedure was repeated As naity

toezC 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 (MgSO 4 ) for I h and concentrated in a round

bottuin flask (500 ml) with au rutary evaporator at a bath temperature ol 40-50 0 C.

The last 40 to 50 ml were removed without heating. The resulting crude, oily iodo

ketone was used immediately as it is thermally unstable and in the absence of

solvent the decomposition is rapid, even at room temperature.

The flask containing the jodo ketone is equipped with a nagnetic stirring bar

and a 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 rellux

for 3 h. The contents of the flask were allowed to cool to room-temperature and

*- poured onto ice-water (300 il). The resulting mixture was extracted with ether (0

x 100 ml). The combined extracts after washing with water (100 ml) were dried

(Na 2 SO 4 ) and evaporated under reduced pressure leaving i 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 I1, 200 g). The column was eluted first with

pentane (150 ml) and then with ether-pentane (3:7 v/v, 500 ml) and 25 ml fractions

*!i were collected and analyzed by gas chromatography (OV 225, 140 °C, retention

tierac 7 rin) and fractions with 98% or more purity were combined and evaporated

alording 4-protoadamantanone (7.3 g, 72%) as a pale yellow solid, mp 202-204 0 C.

The Ketone was recrystallized from methanol which raised the mp to 206-210 0 C

(li. 7 rnp 207-210 C); IH NMR (CDC3) 6 1.01-2.92 (a series of complex in).

3
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4-lic-nyl-4-protidinaiulaniol. I ' 'i iyh agi iesiul i brum iide wa-, prcpair * I),

* ret luxing a mixture of broinobenzene (2.5 g, 0.016 inol), magnesium turning% (0.1$5

8, j.( I maul) and anhydrous. ethecr (40 iril) fur 2 h (or until mrost of the mnagnesium

jiAd dissolved). A solution of 4-protoadamadntanone (2 g, 0.013 mol) in anhydrous

ether (20 iml) was added drupwise and the reaction gmixture refluxed for 2 111, c:ooled,

treated with saturated ammroniumn chloride solution (10 ml) and extracted with

-thcr (3 x 25 inl). Ether extracts were washed well with saturated sodiuii

bicarbonmate solution (2 x 50 iil) and then with water (50 ml). The extract was dried

(Na .1O0) and evaporated, in vacuo, at roomn temperature, to furnish a waxy solid

(2.0 g, 67%) np 83-84 0 C; 0(lit.~ Sa r 84-85 0 ) NMR (CCd4 ) 6 1.14-2.82 (in, Ad

H), 7.10-7.55 (in, ArH).

* The sarrie product was obtaiined in -iimiilar yield when phicnyllithiuin was used.

This ulcohol is extremely sensitive to elionination by acidic reagents.

li-Phenylprotoadamantene. A solution of 4-phenyl-4-protoadamantanol (2.0 g)

III HCI (5 N, 20 ml) was stirred at room teimiperature bor 30 min. The mixture was

diluted with water (100 ml), anid extrac:ted with ether (3 x 30 ml). The extract was

'dried (Na SO ) and solvents evaporated. The residue was chromatographed on a

columrn of silica gel (100 g) and was eluted by petroleum ether-ethyl acetate (19:1)

to give the alkene (1.6 g, 88%) as an oil; H NMR (CDCI 3) 1.1-3.15 (H-3), 6.49

(dd, H-5, J 7.8, 1.8 Hz), 7.0-7.61 (mn, Ar H-).

0 I-Phenyl-2-bromoadamantane. 4-l'henylprotoadamantene (1.05 g, 0.005 mol)

was, refluxed with HBr (48%, 10 ml) for 2 h, cooled, the mixture diluted with water

(100 rml), and extracted with ether (3 x 25 ml). The ether extract was washed with

,,autcr amid dried (Na 2 so 4) Solvents were evaporated and the residue was

umrommatgraphed on silica gel (40 g). lution with petroleum ether gave 1-phenyl-

2-brurimadamrantane (1.08 g, 75%) nip 80-81 0 C; TLC I H NMR (CDCL 3 ) 6 1.49-2.65

*(rImI, idarriantane Hs), 4.84 (br s, CHBr), 7.30 (s, ArH); MS rn/e, 292 (10), 290 (10),
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•-|lPhcnyl-2-chloroaicmamantan. 4-l1henylprotoadamantene (1.05 g, 0.005 ',ol)

* was relluxed with conc. -ICI (10 ml) for 8 h. The reaction was monitored by NMR

a.id ( :ontjfued until the alkene had disappeared. The reaction mixture was cooled,

cixtr,.(-ted with ether (3 x 50 mi), the extract dried (N"250 4 ) 'And evaporated. Ihc

product was recrystallized from petroleurr ether (0.85 g, 70%) mp 100-101 0 C; IH

NMR (CDCl 3) 6 1.76-2.65 (n,, Adamantane H), 4.60 (br s, CHeI) 7.31 (s, C6 1H5).

Anal. Calcd. for C16H 29 C C, /7.85; H, 7.1). Found: C, 78.02; H, 7.79.

Attempted Synthesis of I-Phenyladamantane-2-carboxlic acid via Grignard Synthesis.

-k)tienyi-2-broiroadarnant-ne (2.25 g, 0.0077 mol), magnesium turnings (RMC-3,

V.')9896; obtained Irem Reade Manufacturing Co., Inc., Lakehurst, N.J., 1.8 g, 0.075

g -atuu) were placed in a two necked flask equipped with an efficient condenser

.1ifd i nitrogen inlht tbhe. Anihydrous% ether (dried over sodium mcetai) wa. idded

. ani the reaction initiated by adding 1,2-dibrornoethane (0.25 ml) and the reaction

,~* nixture was refluxed gently (35-40 °C) for 12 h. Upon cooling, anhydrous CO was
2

passed through the mixture for 3 h. The reaction mixture was poured into ice-

water (U 50 ml) containing HCI (5 ml). The organic layer was separated andi the

.Aqueous layer extracted with ether (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

material.

The neutral portion obtained by evaporation of ether (after sodium hydroxide

treatmnient) gave a crystalline solid (1.5 g, 94%) mp 85-86 0C. The I H NMI( and

TLC of tris corresponds) to that of l-phenyladamantane (lit.2 2 mp 87-89 0 C). The

:nus! spectrum also showed that the product containined a small amount of a

4



A~k(.u i (M /, ); probanbly 1,1 -tWidwlilidityf. No .&L Leuipi W'.) nak104

%')iatv tis ionown hydrocarbon.

\Aiten thet abuvc re~iction was carried out as above, but pouring the ce iuli

inixture onto Dry-ice, a 96% yield ol 1-phenyladamantane was isolated. Whenl

o iiury iraignesiii ttjriiily!. wtere iisedi no reaict imn o(Atirrtc it stairLlig i -pheiliyl

z-i)ruinodilinAntAne was recuveredf in all almiost quantitative yield.

Attempted Synthcsis of I - III mnyl- 2-adwantxnccarboni tr ie

From I-Phenyl-2-haloadamantanc (liromo or Chioro)

Reaction of 1-phe(iiyl-2-bruriioadaiianitiAne with KCN with or without phase

transter catalyst lead to the quantitative recovery of the starting triaterial. No

ru.Actioni took place even in presence oA tetra-n-butyl ainitioniurn bromnide Jind thle

reaction mixture ref luxed in toluene for 24 h.

From I -Phenyladamantanc-2-ol

Attempts mnade to replac(' hydroxy group directly by nt-trile by tre~ximent

with Me 3SL_5IC 12 were Mlo uile ad s)tarting imaterial was recovered.

From I-Phcnyl-2-aclamantyl-Lp-toluosulfonate

No I -phenyl-2-adiarianitanecarbonitrile was obtained when I -phenyi-2-ad.k-

intyl-2-toluosultonate wwas trea ted wi th KCN in toluene ini presece of i l1tv

transfer-catalyst (tetra-ni-tjtyliiiioniuri bromide) at reflujx teluperatUrc (24 h).

The starting material was recovered (95%).

0- I -Pheruyl-2-adamantanol. 4-1-Phenyl-4-protoadarnantaneoI prepared from 4-

* ~rotuaiUuanrtane (2 g, 0.0i i mioI) was, ref luxed with formiic acid (9896, 100 nil) for

1imii And the solution was evaporated ini vacuo. l-Phenyl-2-adamnantyl formate

* sOtailned IH NMR ((AM' 13) 1./6-2.5'6 (in, Ad H), 5.38 (br s, 2-H), 1.21 (br s

%rli)l, 1.98 (%, (MHO) alid was dissolved in acetone (160 mrl) to be hydrolyz~e Uy

~'hu,~witt; N HUIC (40 mil) for 2 Ih. Alter removal ol volatile lc cIAs

S vu(iLjo, the residue was extracted with ether (3 x 50 ml), and tile ether extral I



.. %.. .I Iat, r ino dried (Na 1o,). Alter evaiporation ol otler, the -,()li(.

.~t, m Liroi A column ot silica gel (000 g) and eluted with solvent miiitwr,.-

Cont.iinifng -an increasing concentration of ethylacetate in petroleu t ether. Ir.t,

1omIis eluted with 10% ethyl acetate provided pure I-phenyl-2-aoamantanol (2.1 g,

0 8a IN (iuu& D.sed on 4-protoadamantanone) nip 70-71 C (lit. mip 70-72 C); H NMR

-c(l 4 ) S 1.09 (s, OH, exchangable with D20), 1.30-2.56 (ni, AdH), 3.87 (br s, Hi-2),

1.24 (s, ArH).

I-Phenyl-2-adamantyl p-toluenesulfonate. I-Phenyl-2-adamantanol 90.22 g,

0.001 inol) was dissolved in pyridine (3 rl) and cooled to 0 UC. Freshly purlied L)-

toluenesulfonyl chloride (0.4 g, 0.002 mol) was added. After solution was affected,

the mixture was placed in the refrigerator for 3 days. Long needles of pyridine

hydrochloride separated. The reaction mixture was poured into ice-water (50 ml)

and the crystalline solid filtered, washed well with water and dried. The product

was recrystallized from pentane, nip 192-194 °C (lit.Sa mp 198-200 °C). The yield

II was 0.31 g /A;H NNMR (CDl 3) 6 1.5)-2.58 (mn, AdH), 2.35 (s, CH 3 6.90-7.36

(m, ArH).

l-Phenyl-2-adamantanone. Jones' reagent were prepared by mixing chromic

oxide (1.3 g), conc. sulfuric acid (1.1 rl) and water (3.9 ml). One ml of this

* solution was added to a stirred solution of l-phenyl-2-adamantanol (0.5 g, 0.0022

*rrol) in acetone (10 ml). After stirring at room temperature for 2 h, excess

crrornic acid was destroyed by the dropwibe addition of aqueous methanol. The

solution was concentrated, in vacuo, and water (100 ml) was added. The product

was filtered and recrystallized from pentane to produce the ketone (0.45 g, 90%),

i-, 152-153 °C; (lit.8 a mp 152-153 °C); IH NMR (CDCI3 ) 6 1.69-2.69 (m, AdH),
10

/.18 (s, ArH); MS m/e 227 (9.7), 226 (M1 , )5), 198 (25), 156 (20), 155 (100), 142 (9),

'Za (9), 1 18 (15), 11. (15), s 1(25).
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l-13henyl-2-adamantanecarbonitrile. To an ice-cold 'olit ion ol to'y Imic.lltyI

isocyanide (1.29 g, 0.0066 mol) in dry DMSO (7.5 ml) was added t-BuOK (1.77 g,

0.0158 inol) in one portion. After stirring lor 5 rin under N 2 , Inethnol (0.25 1il)

was added, followed by l-phenyl-2-adamantanone (0.5 g, 0.0022 mol). The reaction

mixture was stirred for I h at room temperature and then 70 h at 45 0 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 ether (3 x 50 ml). The ether extracts were

washed well with water and dried (Na 2 SO4 ). Solvents were evaporated and the

residue chromatographed on silica gel (40 g). l-Phenyl-2-adamantanecarbonitr Ic

(0.35 g, 72%) was eluted by benzene, mp 111-112 0 C. Recrystallization from

aqueous ethanol raised the mp to 112-113 °C; TLC, R1 0.7 (CHC) H NMR

* (CDCI 3 ) 6 1.61-2.58 (m, AdH), 3.15 (br s, H-2), 7.34 (br s, ArH); MS in/c 239 91),

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

cm- (vCN). Anal. Calcd. for C17 H 19 N: C, 86.03; H, 8.06; N, 5.90. Found: C,

85.66; H, 8.23; N, 5.64.

The last benzene fraction from the column consisted of tosyl oxazole (0.2 g),

[ tnp 155-156 0 C (lit.12 mp 156-157 0C) whose IH NMR spectrum corresponded to

the one in the literature.

Reduction of l-Phenyl-2-adamantanecarbonitrile

Method A: With lithium aluminum hydride. A suspension of lithium aluminum

hydride (0.42 g, 0.011 mol) in dry tetrahydrofuran (20 ml) was stirred (N 2

.tlnosphere) while a solution of l-phenyl-2-adamantanecarbonitrile (2.37 g, 0.01

.nol) in THF (15 rnl) was added (30 rin). The mixture was heated under reflux for

3.5 h, cooled, and decomposed with water (1.5 ml), followed by sodium hydroxide

*(0%, 2.5 ml). Solids were filtered off and were washed with THF (2 x 10 ml). The

THF filtrate was dried (Na 2 SO ) and evaporated, in vacuo. The residue was

"(iss)olved in ether, filtered to free it from so|mie powdery solid (0.3 g, rip 210 °C).

28



0

:li.ir.i4I.ri/,LtI)i i 1 thi,% prodhict is %till ijaider investig,tioji. 1Dry I1(1 g.l . w.r,

* passed in to an ethereal solution of the amine. The solid which precipitated was

filtered, washed several times with ether and recrystallized fromii aqueous ethanol

to yield the salt (0.12 g, 51%), mp 275-278 °C (dec. turns light brown at 260 °C);

iH NMR (CF 3 COOH) 6 1.48-2.29 (m, AdH), 3.49 (m, CH 2 N), 7.38 (m, ArH). Anal.

Calcd. for C 34 H4 3 CIN: C, 81.31; H, 8.83; N, 2.78; Cl, 7.0). Found: C, 82.03; H,

8.70; N, 2.73; Cl, 6.82.

A small amount of the pure amine hydrochloride (0.1 g) was suspended in

water and neutralized by 10% sodium hydroxide solution. Extraction with ether

yielded the amine as gum which solidified upon standing (2 days); IH NMR (CCI ) 6

1.25-2.40 (m, AdH), 2.77 (M, CH 2 N), 7.16 (m, ArH); MS in/c 464 (1) 463 (2, 3), 253

(19), 252 (100), 240 (1), 223 (3), 155 (9), 129 (4), 117 (4), 115 (3), 105 (5).

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

ml cApacity) was equipped 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-

j bubbler. A nitrogen atmosphere was maintained throughout the reaction. I-

Phenyl-2-adamantanecarbonitrile (3.54 g, 0.015 mol) was dissolved in boiling

tetrahydrofuran (7 ml, distilled over LAH). Borane-dimethyl sulfide (1.65 ml,

0.0165 mol, 10 M solution in hexane, purchased from Aldrich) was transferred

directly from the bottle to the dropping funnel through a double ended needle,

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 ml) was

added dropwise. Hydrogen evolved and the reaction mixture was heated under

reflux for 0.5 h. The solution was cooled, neutralized by adding NaOH (10%) and

29
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w..A. ,-xtf.L( Led will (iloro ) m 0ii x I(O imLl), w..ashed well witll walt.r -, id dt ic'iv

(Na 2SO 4). After solvents have been evaporated, the residue was dissolved in

i delhaikol and dry HCI gaN passed through Lhe solution. Solvenlsb were evaporJted,

in vacuo, and the residue diluted with ether. The solid so obtained was filtered and

* washed several times with ether. The product was recrystallized from aqueous

ethanol, mp 279-282 0 C (dec.). It weighed 3.1 g (82%); H NMR, mass spectrurr

and elemental analyses corresponded to the salt obtained from the lithium

aluminum hydride reduction in Method A.

The amine hydrochloride was sparingly soluble in DMSO but moderately

" isoluble in methanol at room temperature. The amine was refluxed with acetic

anhydride and an acetyl derivative was obtained and its structure is under

0 investigation.

l-Phenyl-2-adamantanecarboxamide, 1-Phenyl-2-adamantanecarbonitri le

(0.24 g, 0.001 mol) was dissolved in methanol (10 ml) and dimethyl sulfoxide (0.2

ml) was added followed by H1202 (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 CHCI 3 95% C2 H5OH (18:1, Rf = 0.49). Starting material was virtually absent

Irom the TLC plate after 6 h. After removal of solvents, in vacuo, water (20 ml)

was added and the product filtered, and washed with water. Recrystallization from

methanol afforded long needle-shaped crystals (0.20 g, 78%) mp 160-161 0 C; 1H

* NMR (CDC1I 3) 3 1.52-2.84 (m, AdH), 4.92 (br s, CONH 2), 7.34 (s, ArH); IR (KBr)

showed absorption at 1656 (C=O stretching) and 3200 cm' (N-H stretching). Anal.

Calcd. for C1 7 2 1 NO-H 2 0: C, 74.69; H, 8.48; N, 5.12. Found: C, 74.95; H, 8.66;

6 N, 5.13.

I-Phenyl-2-adamantylmethylamine hydrochloride. A solution of l-phenyl-2-

adamantanecarboxamide (0.51 g, .002 mol) in anhydrous THF (30 ml) was added

0dropwasc to a well-stirred suspension of lithium aluminum hydride (0.4 g, 0.01 iool)

30



W. R7 W- 7P- -71I -27- K-7 WIN.-~*

ii~Ii I (b il).The rcwa lion mjixturc wa!, relluxed lot 18 11, :oouled Luto

water (0.4 ml), NaOH (10%, 1.2 ml) and again water (0.4 ml) were added. Solids

were fultered off1, washed with ether, thc combined organic filtrate was dried

(Na 2so4 ). After solvents were evaporated, the residue was mixed with anhydrous

ether and filtered to remove insoluble materials. Dry HCl gas was passed through

the ether filtrate and the amine hydrochloride was filtered, washed with ether.

The product was recrystallized from aqueous ethanol to yield 0.4 g (72%) mp 300-

302 0 C (dec, starts turning yellow 265 h 'H NMR (C~D3) 6 1.54-2.20 (AdH),

2.50 (CH 2N), 7.29 (s, AMH), 8.03 (br s, N~H 3); MS rn/C 22 (M 1 , 7), 241 (M, 36),

224 (80), 163 (41), 156 (22), 155 (94), 129 (29), 106 (56), 91 (100). Anal. Calcd. for

C 17H 24CIN: C, 73.49; 1-1, 8.70; N, 5.04. Found: C, 73.09; HI, 8.64; N, 4.75'.

6 4-Epoxymethyleneprotoadamantaric. The preparation represents an adapta-

tion of the literature methods. To solution of 4-protoadainantanone (3.8 g, 0.025

mol) and trimethylsulfoxonium iodide (8.25 g, 0.037 mol) in dry dimethyl sulfoxide

(50 il) ww&s added sodiumr hydride (0.75 g, U.031 mrol) under .1 bireaiii 01 iirogeii.

The miixture was -stirred at 50-55 0C for 18hi, cooled to 10 0C, ;And poured onto wce-

water (100 iril). The product was extracted with carbon tetrachloride and the

extract wa% washed with water and dried (Na 2 so 4) evaporated in vacujo to give -A

8b,160 1w#axy solid, rrap 60-64 0 C(lit.8b1 np 62-64 C); H NMR (CI)Cl 3 ) 1.56-2.18 (tit,

AdH), 2.60 (s, suggested for the CH 2 of the endo isomer, AB quartet centered

* about 2.60 for the exo isomner, see structure 31.
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2. Syntheses Leading Towards (1-Aryl-3-adamantanemnthylamines and Related

2-Mercaptoacetamidines

I- or 2-Thieny|-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 ril). The organic layer separated and the

aqueous layer extracted with benzene (2 x 25 ml). 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

(inp 100 0 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 mixture of two isomers in the ratio of 2:1. The crude mixture of

acid was converted into the corresponding amides which were partially separated

by preparative liquid chromatography. A small amount of the I- 2-thienyl-3-

adarnantanecarboxamide (150 mg) on boiling with 10% sodium hydroxide solution (5

ml) for 18 h gave the corresponding acid (120 mg), mp 140-141 °C; 11 NMR

o (CDCI 3 ) at 60 MHz 6 1.74-2.-51 (m, adamantane protons), 6.84-7.25 (m, thiophene

protons), 11.37 (br s, CO 2 H). Anal. Calcd. for C 1 5 H 18 0 2 5: C, 68.66; H, 6.92.

Found: C, 68.29; H, 6.91.

l-(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

nol) and carbon tetrachloride (10 ml) was refluxed for I h. volatile materials were

distilled in a flash evaporator and the residue treated thrice with carbon tetra-
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chloride (20 ml) and evaporated in vacuo. The residue was dissolved in anhydrotis

tetr.uhydruluran and it was added dropwise to a stirred ice-cold 28% airmoniuii

hydroxide solution (100 ml). After stirring overnight, the solid (3.5 g, 82%) was

filtered and washed with water.

Complete separation of 3-(2- and 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 int silica gel

with a fluorscent indicator, PolygramR, SIL G/UV 2 54 (Brinkmann Instruments Inc.)

gave only one spot, detected by UV light, Rf = 0.45 (chloroforin-95% ethanol 9:1).

Preparative liquid chromatography on a WatersT M 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 ethyl

acetate-chloroform (3:1) as solvent; mp 120-122 °C 180 MHz IH NMR (CDCI 3 ) 6

5.85 (d, CONH 2 ), 6.75 (dd, H-3 of thiophene), 6.84 (dd, H-4 of thiophene), 7.05 (dd,

H-5 of thiophene) 3,5 = 5.1, 33,4 - 3.6, 33,5 = 1.2 Hz; MS 263 (5), 262 (14), 261

(M+, 66), 217 (97), 161 (30) 149 (100). Anal. Calcd. for C 5 HNOS: C, 68.92; H,

7.32; N, 5.36; S, 12.25. Found: C, 68.68; H, 7.32; N, 5.36; S, 12.12.

l-(2-Thienyl)-3-adamantanemethylamine Hydrochloride. The pure l-(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 rnol) in anhydrous tetrahydrofuran (150 ml). 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 (Na 2 SO4 ) and the solvent evaporated and residue taken up in anhydrous ether,

filtered to remove some insoluble material.

33

:... ...:...,.......... ....~~~~~...........:.-... . ..... .:.--:.-.-....... .. . .. .. ..-.... ..... ..: . . ..,-,.. .-,*. .,; " .A... .,. .. . . , . _.. . _. ... .. .. . . . .-



I Jpon bubbling anhydrous hydrogen chloride gas through the ether SOl)tion,

the amine hydrochloride precipitated. It was filtered, washed with water and

recrystallzed fromn aqueous ethanol, mp 240-245 °C. The yield was 2.1 g (81%); 1-1

NMR (DMSO-d 6 ) 1.58 to 1.80 (m, methylene protons of adamantane) 2.17 (br s,

bridgehead protons) 2.59 (br s, CH 2 N) 6.9 to 7.5 (m, thiophene protons) 8.01 (br s,

NH 3 ); MS 249 (3) 248 (9) 247 (M+-HCI, 48) 218 (100), 217 (62), 135 (22), 134 (52),

133 (23). Anal. Calcd. for C H2CINS: C, 63.46; H, 7.81; N, 4.93. Found: C,

63.06; H, 7.77; N, 4.87.

N- [ l-(2-Thienyl-3-adamantanemethyl I-2-choroacetamidinium 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 I 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 HCI. The pH was tested by means of wet ALKACIDR Test

paper (Fischer Scientific Co.). The reaction mixture was stirred at room

temperature for 2 h. Solvents were evaporated, in vacuo, at room temperature and

the residue was triturated with ether. 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); 1H NMR (DMSO-d 6 ) 6

1.6 to 1.76 (m, methylene protons of adamantane) 2.11 (s br, bridgehead protons),

3.18 (s, CH 2 N), 4.58 (s, CH 2 CI), 6.88 to 7.36 (m, aromatic protons) and 8.61 (s br,

NH 3 ). Anal. Calcd. for C 1 7 H 24C 2 N 2 Sol H20: C, 54.08; H, 6.94; N, 7.42. Found:

C, 54.40; H, 6.95; N, 7.19.

Sodium S- { N- I 3-(2-Thienyl)- -adamantanemethylcarboxamidinium methyl 1)
o

Phosphorothioate. A solution of N [ 3-(2-thienyl)- I-adamantylmethyl-a-chloroacet-

amidineIhydrochloride (0.50 g, 0.0014 reol) in aqueous ethanol (50%, 10 ml) was

added to a solution of freshly prepared trisodium phosphorothioate (0.37 g, 0.0020
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i,,l) I v.,O IVw'd it W.ater (' ,ml). " ixttirc was stirred under iitruog ii for $0 i111.

The precipitate was filtered and recrystallized from ethanol-ether, mp 118-120 0 C

(ch. .). It weighed 0.48 g (81.3%); !1t NMi (W1 3 COO!)) 6 1.67-2.10 (mi, adii,.Ii-

. tane protons), 3.15 (s, CH 2 N), 3.87 (d, CH 2 -S-P, 3 PH : 17 Hz), 6.85 to 7.25 (m,

thiophene protons). Microanalytical data was difficult to obtain. The best values

were as follows. Anal. Calcd. for C1 7 H2 4 N2 0 3 PS2 Na'6H20: C, 38.49; H, 6.84; N,

5.28; S, 12.06. Found: C, 38.27; H, 5.58; N, 5.20; S, 12.04.

N- I I-(2-Thienyl)-3-adamantanemethyl I -2-mercaptoacetamidinium Chloride.

A solution of N-1 I-(2-tlhueyl-3-adAriantaineiethyl 1-2-chloroacetarnidine hydro-

chloride (2.14 g, 0.006 tool) in 50% ethanol (20 ml) was added to a solution of

bodium phosphorothioate (1.08 g, 0.006 tnol) in water (10 ml) 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 aqueous

ethanol. The yield was 1.6 & (74.7%) mp 185-187 0 C (dec.); IH NMR (DMSO-d) 6

1.60-1.80 (in, CH 2 's of adarriantane ring), 2.11 (s br, bridgehead protons), 3.09 (d,

CH 2 N), 3.54 (s, CH 2 S), 6.89 to 7.38 (in, thiophene protons) 8.93, 9.49 and 9.78 (br s,
.+ -1

NH-CzNI 2); 11 (Nujol) shows 6 (C=NH 2) and v (C=N) at 1690 and 1650 cm

respectively. Anal. Calcd. for CI 7 H2 CIN2 S2 : 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.
0

* 3. Approaches to the I-Aryl-4-adamantanemethylamine System

. I-Bromo-4-adamantanone. t-Butyl bromide (2 ml) was added dropwise to a

stirred mixture of anhydrous aluminum bromide (44.0 g, 0.165 nol), adaimantanone

* (5 g, 0.033 imol) and bromine (10 ml, 0.195 mol) placed in a 100 ml thick-walled
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,mixture 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 magnesium 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 1 ) 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%, lit. 18 yield 72-80 %) which was further purified by crystalliza-

tion from petroleum ether (charcoal), mp 150-152 0 C (lit. 18a mp 154 0C); IH NMR

(CDCI 3 ) 6 2.58 (br s, Ad protons), 2.26 (m, H-7), 2.06 (br s, H-10).

In later experiments following personal correspondence with the authors

I 8babout the publishd procedure yields could be improved to (68-78%) by using

AIBr 3 (80 g, 0.3 mol) bromine (15 ml, 0.29 mol) and t-BuOH (1 ml) for 5 g of

adamantanone.

I-(4-Methylphenyl)-1-adamantanone. Aluminum chloride (2 g, 0.015 mol) was

gradually added to a stirred solution of l-bromo-4-adamantanone (2.1 g, 0.009 mol)

.-. in toluene (20 ml) and the reaction mixture refluxed for I h, poured onto ice-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

( 50 ml) dried (Na 2 SO 4 ) and evaporated, in vacuo. The residue was recrystallizea

from petroleum ether to furnish crystals (2.2 g, 90%) mp 65-66 0 C; LIH NMR

(CDI3C) 2.08-2.32 (in), 2.65 (br s), (Ad Hs), 2.32 (s, CH 3 ), 7.19 (br b, Ar1l). MS

/e 242 (2), 241 (Mt, 15), 182 (33), 171 (16), 170 (30), 169 (100), 132 (22), 129 (24),

128 (24), 105 (70). Anal. Calcd. for CI 7 H2 0: C, 84.58; H, 8.77. Found: C, 84.29;

* H, 8.37.

36

.,.... ...................... .........



I -(4-Methylphenyl)-4-adainantanecar bonitrile. I -('i-M" tliylieiy)--.,d.& J a

tanone (2.41 g, 0.01 mol) and tosylnethyl isocyanide (2.5 g, 0.013 mol) was

dissolved in dry 1,2-dimethoxy ethane (DME, 35 ml) and absolute ethanol (1 111) w.A,

added and the mixture cooled to 5 to 10 0 C. Solid t-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 1 0.56); GC (OV 17 at 220 0 C) showed the product to be a

-* mixture, probably the two isomers (syn and anti). Upon standing a long time,

needle shaped crystals separated which were recrystallized from acetone, mp 108-

110 0C, yield 1.6 g (62%); 1H NMR (CDCI 3 ) 6 1.62-2.81 (m, AdH), 2.32 (s, CH 3),

7.05 (s, ArH). MS rn/e 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 1 . Anal. Calcd.

. for C 8H 2 1N: C, 86.00; H, 8.42; N, 5.57. Found: C, 86.29; H, 8.29; N, 5.54.

-] I-(4-Methylphenyl)-4-adamantylmethylamine Hydrochloride. I-(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

mixture wsa heated under reflux for 2.5 h, cooled and treated with water (0.75 inol)

and NaOH (10%, 0.125 ml). After filtering the precipitate, the solid washed with

ether, the combined filtrate was dried (Na2 so 4 ). Solvents were removed, in vacuo,

and the residue taken up in anhydrous ether, filtered dry HCI gas was passed into

the filtrate. The amine hydrochloride which had precipitated was liltered, washed

*"• with ether and was recrystallized from ethanol-ether, (0.9 g, 62%), mp 240-245 °C;
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N1NMIP (I)MISO-d) 1 .59-2.00 (iAd I s), 2.29 (b, (.4H) 2.93 (111, C I IN,1. 146,(

7.14), 8.19 (br s, NH 3). MS pending. Anal. Calcd. for C1 8 H2 6 NCI: C, 74.07; 11,

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

4. N-L 4-l-Adamantylbenzyl i-2-mercaptoacetamidine and Derivatives.

1-(2-Bromophenyl)adamantane. -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 ml). 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 several times with benzene. The combined organic layer

was washed several times with water, dried (CaCl 2 ) and solvents were evaporated

in vacuo. The residue (22 g) was chromatographed on alumina (600 g). Elution with

petroleum ether provided 19.0 g (60%) of the product, mp 100-101 0C (lit. 22mp
101-102 °C); 1H NMR (COCi 3) 6 1.81-2.08 (adm H), 7.21, 7.41 (AA'BB' pattern of

arorrinatic protons).

4-(l-Adamantyl)benzoic Acid. A three necked flask was equipped with a

ref lux 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 l-(4-

bromophenyl)admanatane (6.0 g, 0.02 mol) and methyl iodide (2.82 g, 0.02 mol) in

THF (30 ml) 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 I h, dil. HCI (5 ml) was added and the mixture extracted
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with ether (3 x 100 ml). Ether extracts were washed with wAte-r (100 ml) ami thndOwn

treated with 10% NaOH (5 x 50 ml). The sodium hydroxide solution was separated,

boied to remove dissolved ether, cooled and neutralized by adding dil. HCI. The

*acid was filtered, washed with water and recrystallized from ethyl acetate, mp

306-307 °C (lit.2 4 , 2 5 mp 308-309, 316 C). The yield was 3.4 g (66%); 1H NMR

(DMSO-d) 6 1.74-2.01 (AdH), 7.46, 7.89 (AA'BB', Ar-).

4-(l-Adamantylbenzamide. A mixture of 4-(l-adamantyl)benzoic acid (2.0 g,

0.0078 mol) phosphorous pentachloride (1.62 g, 0.0078 mol) in carbon tetrachloride

(40 ml) was refluxed for I I. 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 0 0 C. The mixture stirred for 8 h, extracted with ether (3 x 100 mi), the

ether phase washed with water and dried (Na 2 SO ). The product was recrystallized

from ethanol to yield 1.5 g (75%) of amide, rnp 200-202 0 C; IH NMR (CDCl 3) 6

1.78-2.07 (m, AdH), 5.90 (br s, CONH 2 ), 7.42, 7.77 (m, AA'BI1, ArH). Anal. Calcd.

for C1 7 H- 1ON: C, 79.97; H, 8.29; N, 5.48. Found: C, 79.94; H, 8.31; N, 5.23.

4l-(l-Adamantyl)benzylamine Hydrochloride. 4-(I-Adamantyl)benzarnide (7.1

g, 0.0278 mol) was reduced as usual in a 3-necked flask fitted with condenser,

dropping funnel and CaCl 2 tube (see prep. of 12d), using lithium aluminum hydride

4 (5.34 g, 0.139 mol) in anhydrous tetrahydrofuran (350 ml). The amine was taken up

*. in ether and treated with HCI gas. The hydrochloride was filtered, washed with

ether and recrystallized from aqueous ethanol. The yield was 6.0 g (78%), mp 304-

4 305 °C; IH NMR (DMSO-d 6 ) 6 1.77-2.02 (m, adamantane protons', • 15 (s, CH 2 N)

7.39 (s, aromatic protons) 8.22 (s br, NH 3 ). Anal. Calcd. for C 2 CIN: C, 73.46;

H, 8.71; N, 5.04. Found: C, 73.47; H, 8.80; N, 4.92.
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N- I 4-( I-Adamignuyl~beiuyl 1-2-chlorodacetuiidiii I lydrsx-bloride. I Iiv, .. alt

was obtained in 84% (3.0 g) yield from 4-(l -adamantyl)benzy lam ine hydrochloride

1 ~(2.77 g, 0.01 mrol) by thc standard procedure. Starting fromr cliloroicetom tr Ile

(0.754 g, 0.01 mol) and sodium methoxide (prepared from 0.023 g of sodium in 8 in!

* 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

*148-150 0 C; I H NMR (l)MSO-d) 1.77-2.01 (in, adamantane ring protons), 4.50 (s,
* andCH

CH 2N, -H2 C6 H 5), 7.34 (s, ArH), 9.34 (s br, NH-C=NH 2). Anal. Calcd. for

C 19 H26 C12 N 2: C, 64.55; H, 7.41; N, 7.92. Found: C, 64.34; H, 7.15; N, 7.49.

Sodium S-f N-Il 4-(l-Adamantyl)benzyl] carboxamidinium Methyl ) phosphorothioatc.

A solution of N-1 4-0l-adamant yl)benzyl-. 12-chloroacetarnidinium hydrochloride

4 (0.50 g, 0.0014 mol) was dissolved in aqueous ethanol (50%, 15 ml) and mixed with a

- ~solutioni of trisodium thiophosphate (0.25 g, 0.0014 'no!) in water (5 iril). The

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

filtered, washed with little water (I ml) and ether, and recrystallized from chtanoL-

ether, rnp 120-121 0C. The yield was 0.4 g (75%); 1H NMR (CD CO D) 6 1.85-2.0

*(in, adamantane protons), 3.88 (d, CH 2-5-P, i CH 2-P 15.4 Hz), 4.53 (s br, CH 2N) and

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

frC19 H26 N2 PO 3 Na*211 2 0: C, 50.44; H, 6.68; N, 6.19. Found: C, 50.15; H, 6.26;

* N, 5.4 7.

4 N-1L4-(l -adamant yl)ben zyl Icar boxam idi no)ne thyl disulffide dihydrochioride.

* A solution of N4I 4-(1-adamantyl~benzyl 1-2-chioroacetamidinium hydrochloride (2.5

g0.007 mol) in aqueous ethanol (50%, 20 ml) was added to a solution of trisodium

4 thiophosphate (1.8 g, 0.0 10 moL) in water (10 ml) and the mixture stirred for 30 min

(N2) Then, 6 N HG! (15 ml) was added and mixture heat at 90-95 0C for 20 min

(N2) The solid which had separated turned gummy upon filtration and attempts to

4 crystallize this semi-solid I roin ethanol-ethier proved futile. The crude mercaiptamn
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w.L's divolved in iricthanol (00 iiml) andl hydrochloric acid (1: 1, 5 mli ) wid wa% oxiidi /eci

by 3%6 H 02 (2.4 ml), added dropwise (1.5 h). After another 1.5 h ut roomu

temrperature, the mnixture was concentrated, in vacuo, the solid f iltered and wAshed

with water (4 ml). After recrystallization from ethanol-ether, the product weighed

2.1 g (86%), mp 255-260 0 C (dc) I H NMR (DMSO-d ) 6 1.74-2.03 (in, adamantanc

protons), 3.94 (s, CH 2 -S), 4.54 (d, CH12 N), 7.35 (s, aromatic protons), 9.23, 9.72 and

10.46 (singlets, br, NH--C=NH H). IR (Nujol) shows 6 (C=NH ) and v (C=N) at 1690
-1and 1650 cm respectively. Anal. Calcd. for C3 8 H,2 C12 N 5 C, 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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