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1 Abstract

Primarytert-alkyl amines represent analogues of amantadifieganent commonly linked to pharmacophoric
groups to enhance biological activity. The preparaiof primary tert-alkyl amines is considered to be a
difficult problem. Four synthetic procedures, whitdve been previously reportted the synthesis of amines with
primary (RCHNH,) or secondary (RR'CHN#ialkyl and/or aryl groupswere tested for the synthesis of primgany-
alkyl amines (RR'R"CNE in aliphatic series including adamantane addultiese procedures included the
formation and reduction ofert-alkyl azides, the Ritter reaction in standard anddified conditions, the
addition of organometallic reagentsNetert-butyl sulfinyl ketimines and one-pot reactionsviben nitriles and
organometallic reagents in the presence of a Lawit Ti(iPrO), or CeC} Thesesyntheticroutes are unexplored
for primary tert-alkyl amines and their unexpected results shoeldnibluded in organic chemistry literature
The reaction conditions and substrate limitatioeseastudied for each procedure, with the first pdace being
the more general and applicable also for compobedsing bulky adducts.

Keywords: Primary tert-alkyl amine, tert-alkyl azide reductjoRitter reaction, N-tert-butanesulfinyl imine
reduction, organometallic addition to 1-adamantartamitrile, Ti(iPrO),
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2 Introduction

Remarkably simple aminoadamantane structuresrgits like viroporins to combat Influenza virus Adathe
NMDA receptor for symptomatic relief in ParkinsorisBase and Alzheimer Disedséddamantane is a
lipophilic symmetrical hydrocarbon cage which iseofused -itself or modified- as a fragment in dmugecule
design and optimization. Amantadine and severaplgiranalogues represent such building blocks wbgchbe
favorably modified and linked with known pharmacopb groups, resulting in enhanced biological attiv
Examples are molecules: (a) with glucocerebrosidasiity potentially useful for atherosclerodigb) K*
channel activity and hypoglycemic propertle€;) affinity for opioid receptof; (d) affinity for c-receptor
which is involved in psychotic disorders; (e) aitfjnfor soluble epoxide hydrolaevhich is deemed valuable
for various diseases; (f) dipeptidyl peptidase itfibitory potencyfor the treatment of type 2 diabetes mellitus,
(9) influenza A amantadine resistafie¢c (Figure S1).

NH,* NHs" NH5*
/\?\/\ i 3 CH3
+ AdNH
PrsCNH; CMe;CH,CMeNHs" AdCMe;NH3*

@&

Figure 1. Top: PgCNHs" and CMeCH,CMeNH3" are open cage analogues of amantadine (Ag)H
Compounds AdNK andAdCMeNH3" are potent influenza A wild-type M2 protein inhilis. Bottom: van
der Waals spheres representation gCRiH, , CM&CH,CMe,NH,, AdNH, andAdCMe;NH..

Although amantadine has been long marketed as tanrahdrug for influenza A, it was only after 280
that high resolution structures from x-ray and s$Nkkperiments showed that the primary binding site
amantadine is the lumen of the four-helix bundleéedfameric M2 (M2TM: amino acids 22-46) that forthe
proton transport pathWe are interested in the preparation of primery-alkyl amines in aliphatic series,
including common alkyl chain and adamantane sulestts. These compounds may be used as lipophiliteam
building blocks for the development of drug molesulcting against wild type and mutant M2 protdin o
amantadine-resistant influenza A virus striios addressing other biological targets. For examiil was
reported that 1,1,3,3-tetramethylbutylamine (GGM,CMeNH,)*® and 2-(1-adamantyl)-2-propanamine
(AdCMe;NHy)™ block the M2 channel with an efficiency comparabl@amantadine (Figure 1).

The preparation of primarert-alkyl amines or,o,0-trisubstituted primary amines is considered toabe
difficult problem!?If one of the substituents of the desired prim@r-alkyl amine is itself a bulkyert-alkyl
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group or adamantyl group, steric crowding is exgedb increase the difficulty of the preparationhéN the
starting material is #rt-alkyl alcohol, a general and widely used routéhis Ritter reaction® providing the
primarytert-alkyl amine in two steps. This procedure has soamsiderable disadvantages, such as the drastic
conditions and moderate overall yields. Therefaeyeral procedures have been widely applied to exbnv
primary and secondary alcohols to the correspondaides -based on thgZmechanism- which then can be
reduced to the corresponding amif&¥. However, only limited examples of robust proceduhave been
published on the conversion t#t-alkyl alcohol$®? to the corresponding amines, and some of them used
elaborate reactant8?° Furthermore, while several reagents have beenlajma for the reduction of primary
and secondary azides to the corresponding aminiesn \atert-alkyl azide is the substrate its reduction is
considered to be inconveniéhtin this work, we present our efforts towards siathesis of primartert-alkyl
amines, including adamantyl as one of the alkylugep and we compare the various aforementioned
procedures.

3 Results and Discussion

Tert-alkyl azide reduction (Procedure A)

Tert-alkyl azide formation. Procedure A may start with a ketone or other slatatarting material, e.g. an acid
chloride. Thetert-alkyl alcohol was obtained by the reaction of thiarting material with a suitable
organometallic reagent. Subsequently, it was cdedeio thetert-alkyl azide which was then subjected to a
reduction, affording the primangrt-alkyl amine. The conversion of tertiary adamantsano the corresponding
azides was routinely performed in our lab usingigtune of CHCEH,SO, 57 % and sodium azide in good
yields?* These reaction conditions were applied to lineat-alkyl alcohols, like BUEH{-Pr)COH (Lb),
obtained from 3-heptanon&d) and PrMgBr. A mixture of the azide BUEtPrg{dc) and the precursor alcohol
la was obtained in 60:40 ratio, based on the intemraf **C NMR signals (Table S1, entry 1). The reaction
proceeds via the formation of a carbonium ion whectrapped by the azide anion. It seems that thkky-2-
adamantyl carbonium intermediates from tertiaryk3de2-adamantanols are more stable, and thus foione
efficiently compared to those formed teyt-alkyl alcohols?> A more efficient formation of the aforementioned
linear azide was not achieved after increasingsthiuric acid concentration to 70 % (Table S1, wrj;
instead a ketone product was also formed along thighazide. This ketone may be formed through ang&ith
rearrangement mechanism which produces an imiriecéimabe hydrolyzed to a ketone -as has been ugyio
reported for thetert-butyl substraté® The tert-alkyl alcohol 1b was treated with CH@ITFA 0.5M/NaN;
mixture, and the reaction product was a mixturéhefazidelc and the precursor alcohbb in a 70:30 ratio -
according to thé°C NMR spectrum. An increase in TFA concentratior td was tested but the same mixture
was afforded (Table S1, entries 3, 4), while furthecrease of the TFA concentration to 5M caused a
decomposition of the substrate. Changing the solt@m CHCE to CH,.CIl, or CICH,CH.CI, i.e. from
CHCI/TFA 1 M/NaN; to CHCl, or CICH,CH,CI/TFA 1 M/NaN;, resulted in the azide as the only product
(Table S1, entry 5; Table 1, entry 1).
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Table 1. Conversion ofert-alkyl alcohols totert-alkyl azides using a NaI'FA in CH,Cl, or CICH,CH,CI
(Procedure Af.

R’ NaN3/ TFA1 M R’
R2~‘—OH > RL‘—N3
R3 CH,Cl, or CICH,CH,CI R3
0 °C then rt
1b-20b 1¢c-20c
Entry Ketone + organometallic reagent Alcohol Isolat Azide Isola
RLR*R® ed R,RR® ted
Yield Yiel
d
1 3-heptanonel@ + PrMgBr Bu,Et,Pr,1b 80% Bu,Et,Pr,1c° 87%
2 4-heptanone2@) + PrMgBr Pr,Pr,Pr2b 78% Pr,Pr,Pr2¢’ 78%
3 5-nonanone3a) + BuMgBr Bu,Bu,Bu3b 80% Bu,Bu,BuBc® 82%
4 4-heptanone2@) + BuMgBr Bu,Pr,Prdb 71% Bu,Pr,Prac’ 71%
5 4-heptanone?@) + iBulLi iBu,Pr,Pr,5b 80% iBu,Pr,Pr5c” 86%
6 5-nonanone3g) + PrMgBr Bu,Bu,Pr6b 70% Bu,Bu,Pr6c’ 75%
7 2,6-dimethyl-heptan-4-ondd) + iBu,iBu,Bu, 7b 80% iBu,iBu,Bu,7¢ 76%
BuLi
8 2-adamantanon&g) + MeMgBr 2Ad, Me8b 88% 2- Ad, Me8c 88%
9 2-adamantanon&g) + EtLi 2Ad, Et,9b 80% 2- Ad, Etoc 80%
10 2-adamantanonég) + 2Ad, Pr,10b 89% 2- Ad, Pr10d 66%
CH,CH=CH,MgBr then PtQ/H,
11 2-adamantanon&g) + BulLi 2Ad, Bu,11b 76% 2- Ad, Bul1c 76%
12 2-adamantanon&d) + PhLi 2Ad, Ph12b 95% 2- Ad, Ph12¢ 95%
13 2-adamantanon&d) + BnMgBr 2Ad, Bn,13b 50% 2- Ad, Bn13¢ 50%
14 2-adamantanonéd) + pMeOBn 2Ad, MeOBnNl4b 53% 2- Ad, MeOBnl4c 53%
15 1AdCOCI 6a) + MeMgBr 1Ad, Me, Me15b 80% 1Ad,Me,Me15¢ 80%
16 1AdCOCI 6a) + EtLi 1Ad, Et, Et16b 7% 1Ad, Et, Et16¢ 7%
17 1AdCOCI 6a) + AllyIMgBr 1Ad, Allyl, Allyl, 17b  44% 1Ad, Allyl, Allyl, 17¢  44%
18 1AdCOCI 6a) + CH,CH=CH,MgBr 1Ad, Pr, Pri18b 59% 1Ad, Pr, Pr18¢ 37%

then PtQ/H»
19 1AdCOCI 6a) + BrMg(CH,)4sMgBr CsH11, 1Ad, 19b 90% GHiy, 1Ad, 19¢ 90%

20 2-cyclohexanoner@) + 1-AdLi CsHis, 1Ad, 20b 65% Cy, 1-Ad20¢ 65%
4Completion of reaction was checked3§ NMR peaks integratiofCH,Cl, used;*CICH,CH.CI used

The aforementioned reaction conditions were thestetk againstert-alkyl alcohols 2b-20b for the
preparation of azide2d-20d (Table 1, entries 2-20). AlcoholEb-4b, 6b were obtained from the reaction
between the ketone$a-3a respectively and the suitable Grignard reagenbl€rd, entries 1-4,6). The
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iBuPr,COH (5b) was obtained from the addition of isobutyl littiio 4-heptanone§). Similarly iBuBw,COH
(7b) (Table 1, entry 7) was afforded through additainisobutyl! lithium to 5-nonanone3§). Starting from
alcohols 1b-7b and using the conditions shown in Table 1, i.e.;@kor CICH,CH,CI/TFA 1 M/NaN;,
correspondinglythe azideslc-7cwere afforded in yields 71-87% (Table 1). In tldamantane series, tertiary
alcohols8b, 9b, 11b, 12b were obtained by treating 2-adamantanba&ith an oganolithium (R=Et,Bu) or an
organomagnesium reagent (R=Me,Ph,Ph@EMeOPhCH), as depicted in Figure S1. For the synthesisef t
propyl derivativelOb, 2-adamantanone reacted with vinyl magnesium lierand the produced allyl alcohol
was hydrogenated under Bt@ompoundL5b was prepared from the reaction between 1-adamamizionyl
chloride @a) (the corresponding ethyl ester was also sucdéssfialed) and CHMgI, as expectet!: Alcohol
16b was prepared in high yield from the reaction betwé-adamantane carbonyl chlorié@)(and EtLi. The
reaction of allylmagnesium bromide witba afforded diallyl alcohol 17b, which was subsequently
hydrogenated under Pi{@atalyst to afforcalcohol 18b (Figure S2). Starting from alcohob-18b and using
the above conditionthe azides8c-18c were afforded in yields 37-88% (Table 1). A trial prepare the
cyclopentenol precursor of cyclopentad®b through cyclization ol 7b using first generation Grubbs catalyst
was unsuccessful. Diallyl azide7c was prepared from7b with a 44% yield.Compoundsl9b, 20b were
synthesized according to the procedure includedference 30. According to the reaction conditipresented
in Table 1, changing the solvent from CH@ CH,CI, or CICH,CH,CI increased considerably thert-alkyl
azide yield. Thetert-alkyl azide formation proceeds through an ion patermediate, i.e. théert-alkyl
carbocation/TFA anion, generated by tieet-alkyl alcohol treatment with TFA. This is more taed in
dichloromethane compared to chloroform due to tighdr dielectric constant of GBI, (¢ = 8.93) or
CICH,CHCI (¢ = 10.4), compared to CHge = 4.81). The former can stabilize the carbonium amd thus
facilitate its formation, according also to DFT aahtions included in the Supplementary materiab{& S3,
S4). When ether was used as a solvent 4.33), the starting alcohol was afforded. Pretétvents have also
high dielectric constants, btert-alkyl azides are formed in low yields in protidwents due to the competitive
solvolysis reactiof?

Tert-alkyl azide reduction. It was tested if primaryert-alkyl aminesld-7d could be formed conventionally
from primarytert-alkyl azideslc-7cthrough a LiAlH; reductio>?®or a catalytic hydrogenation, for example
using Pd/CG’ In general, these methods were considered to bk hieldind>?® without a systematic
investigation regarding the structure of tee-alkyl substrate; e.g. in one case it was repdttatithe reduction
took a different route, yielding a triazeffeOn the other hand, the reductionteft-alkyl azides totert-alkyl
amines has been reported to be an inconveniensforamation, albeit without further explanations and
citations*? The reduction of theert-alkyl azideslc-20cusing LiAlH, in refluxing ether for 5 h yielded the
primary tert-alkyl amines1d-20d in good (Table 2, entries 1,2,5,15,17,19,20) tadenate yields (Table 2,
entries 3,4,6,7,16,18). The antiviral bulky aminmadntane8d-13d, 15d-20d"?**°were also afforded (Table
2, entries 8-20, Figures S1-S4), with the notakkeption of17d where decomposition took place. The yields
of compoundsl5d, 16d, 18d were improved (Figure S2), compared to previossilts'* The reaction was
performed using 4 equivalents of LiAlkh a slurry with a concentration of 1 g LIAIO mL dry ether under
reflux. The resulting amines were isolated throstgndard hydrolysis conditions and filtration oé treaction
mixture. The ethereal solution was extracted wykdrbchloride solution 6%, the acidic solution waada
alkaline with solid sodium carbonate and the migtwas extracted with ether to afford amides20d The
purity was higher than 95%, according to the redatintegration of amine signals with impurities reats
detected imC NMR spectra. The amines were further purifiecbtigh formation of crystalline ammonium
salts with fumaric acid and recrystallization usethanol/ether. A probable competitive reactiondang the
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yield of the amine is the formation of an imine wahican be formed through an intramolecular Schmidt
rearrangement via a nitrene intermedidt&Vhen refluxing THF was used, lower yields wereaiitd. The
yield was not improved when the refluxing ethereahditions were changed to ambient temperature. The
LiAlIH 4 reaction of diallyl azidd7cdid not afford the diallylamine but led to decoragion.

It is noteworthy that a critical reduction in yieldhs observed when transitioning from &r Bus substrate
(Table 2, see entries 2,3,10,11), due to the foomaif unsaturated products and extensive deconiqosilo
investigate further the effect of the structuretlué tert-alkyl group to the yield of the reduction of theido
group, the alcoholSb, 6b and the corresponding azides 6cincluding the combination of Bufand BuyPr
substitution on the tertiary carbon were synthekidable 2, entries 5,6). As depicted in Tableh2, yield for
the BuPs substrate in amingd (Table 2, entry 5) was 58% and in close proxinmiyhe 60% vyield obtained
with Pr; substrate in amin2d (Table 2, entry 2). The yield was reduced progvess from 35% in the ByPr
substrate of aminéd (Table 2, entry 6), to 20% in the Bar iBwBu substrates of amin&sl, 7d respectively
(Table 2, entries 3,7). Also, changing the tri-algyoup from Ps to iBuPgk reduced significantly the yield to
14% in aminedd (Table 2, entry 4). Although the yields includedTiable 2 were not optimized, the procedure
was general for all the substrates applied, exeapty 17. While in all cases refluxing ether seém$e an
optimal choice for LiAlH reduction of theert-alkyl azides, these conditions did not work welldne case
(Table 2, entry 14). It was observed that betweenaBd pMeOBnN substrate (Table 2, entries 13 and 14)
refluxing ether conditions led to complete reductfor Bn substrate (Table2, entry 13), but for pNBeCthe
reduction yield was only 18% and most of the adidewas isolated unreacted (Table 2, entry 14). Reftux
THF was applied for effective reduction of the &ldic The p-methoxy group in amiri&d was deprotected
to the p-hydroxy group using Bin dry ether at -80 °C to afford the aminoderivaf2l (Figure S5).

Table 2.Reaction otert-alkyl azides with LiAlH, in refluxing dry ether (Procedure A).

R’ ; R’
LiAIH,
RL}—N3 > RL‘—NH2
R3

ether / reflux / 5h R3
1c-20c 1d-20d
Entry Azide Amine product Isolated Yield

RLR*R® R.RR®
1 Bu,Et,Prlc Bu,Et,Pr,1d 67%
2 Pr,Pr,Pr2c Pr,Pr,Przad 60%
3 Bu,Bu,Bu,3c Bu,Bu,Bu,3d 20%
4 iBu,Pr,Pr4dc iBu,Pr,Pr.4d 14%
5 Bu,Pr,Pr5sc Bu,Pr,Pr5d 58%
6 Bu,Bu,Pr6c Bu,Bu,Pr,6d 35%
7 iBu,iBu,Bu,7c iBu,iBu,Bu, 7d 20%
8 2Ad, Me 8¢ 2Ad, Me,8d 77%
9 2Ad, Et,9c 2Ad, Et,9d 71%
10 2Ad, Pr,10c 2Ad, Pr,10d 74%
11 2Ad, Bu,11c 2Ad, Bu,11d 23%
12 2Ad, Ph12c 2Ad, Ph,12d 55%
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13 2Ad, Bn,13c 2Ad, Bn,13d 45%
14 2Ad, MeOBnl4c 2Ad, MeOBn,14d 18%, 48%
15 1Ad, Me, Me15¢ 1Ad, Me, Me,15d 73%
16 1Ad, Et, Et16¢c 1Ad, Et, Et,16d 23%
17 1Ad, Allyl, Allyl, 17c  1Ad, Allyl, Allyl, 17d b

18 1Ad, Pr, Pr18c 1Ad, Pr, Pr18d 14%
19 GHuy, 1Ad, 19¢ CsHy1, 1Ad, 19d 5696
20 GHis, 1Ad, 20C CeH13, 1Ad, 20d 4896

3Completion of reaction was observed by NM&ecomposition°prepared as depicted in Figures S3, S4

A few other reagents were tested for reductionhef tert-alkyl azido group; however, no significant
improvement was achieved in yield compared to ti#dH,, reduction. Some representative trials include the
catalytic hydrogenation with Pd/C (10%Yor 18 h using different solvents (AcOEt, MeOH, ®td/NHs(g),
MeOH/CHCE) or different pressure conditions (50 psi or 1 AtfRor example, for the BUEtPrGN1c) the
highest yield achieved with catalytic hydrogenatioas 57% for EtPrBuC-NH(1d); while BusCNs (3¢)
afforded BYC-NH; (3d) in 11% vyield. The catalytic hydrogenation of compdd7cled to a complex mixture
of products. The yields were also low or poor wheduction of EtPrBuCh (1¢) was attempted with: (a)
FeCk/Nal*? (10%); (b) MeSiCl/NaF® (4%); (c) by applying Staudinger reaction condigicand hydrolysis of
the phosphazene in THRE under reflux®3* (13%); (d) NaBH/CuSQ-5H,0* (23%). When RCN; (2¢) was
used in combination with (EtgD/benzene/TosOH/EtR*3 or with SNCHPhSH/ESN®’ the vields of the
obtained amin€d were 35% and 33% respectively. When;BN3; (3c) was used as the substrate, the same
reagents afforded BG-NH, (3d) in yields 18% and 8%. The conclusion drawn fromttias described is that
the weak spot of procedure A, which is respondilri¢he serious decrease of the overall yieldhésreduction
step of thetert-alkyl azide to the corresponding primaryt-alkyl amine, particularly when the alkyl chain
length is increasing. Other possibly more efficigmbcedures were then investigated, especiallytlier
synthesis of crowded amines like 8N (3d) which was produced in low yield with procedure A.

Ritter reaction (Procedure B)

Common Ritter reaction. The Ritter reactiolf was tested using comnigri® (KCN, c.H:SOs, heat; see Table
S2, entries 1,2) or slightly modified conditionsga, c.HSO,, heat; see Table S2, entry Bhe results showed
that these common Ritter reaction conditions proeedest equally effective, compared to procedyr®r the
preparation of the BUEtPrCNH1d) in 47% yield (see Table S2, entry 1), and sigatffitly worse for the
preparation of B§CNH, (3d) in 4-5% (yield see Table S2, entry 3).

Modified Ritter reaction. A modified Ritter reaction scheme was tested, whies suggested as a general
scheme for the synthesis of primaeyt-alkyl amines®® This methodology is reported to employ the foriorati
of N-tert-alkyl chloroacetamides after reactionteft-alkyl alcohols with chloroacetonitrile. The chlaxetyl
group can be subsequently cleaved smoothly withuteg, leading to the formation of the respectivena
(Table 3).

Table 3. Modified Ritter reaction through chloroacetamides which hyerolyzed with thiourea for the
preparation of primartert-alkyl amines (Procedure B).
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)
9 A
R’ NCCH,CI R’ HoN~ “NH R’
R—oH ———» Rz—’—NJl\/Cl : L - R2—|—NH2
Rs 20'52504 ra M EtOH, AcOH (5:1) R3
then OH" (aq)
Entry Alcohol Chloroacetamide Isolated Amine Isolated
R.R* R’ R'R*R® Yield R'.R*R® Yield
1 Pr,Pr,Pr2b Pr,Pr,Pr22 48% Pr,Pr,Pr2d 80%
2 Bu,Bu,Bu,3b Bu,Bu,Bu,23 51% Bu,Bu,Bu3d 61%

Using this procedure, E-NH, (2d) and BuWC-NH, (3d) were successfully obtained from the
correspondingdert-alkyl alcohols2b and3b through intermediate chloroacetami@sand23. In the latter case,
the yield of the chloroacetyl group cleavage stes Vower. However, as the alkyl group size waseiasing,
the efficiency of Ritter-like procedures for thenflyesis of primaryert-alkyl amines was reduced; possibly due
to a retro-Ritter reactioff. Especially, when the common Ritter reaction caodit were applied, the yield was
reduced dramatically (Table S2, entries 2,3). Afterk-up of the reaction mixture in the second siad the
isolation of aminefd or 3d through extraction with an aqueous hydrochloricd aolution, the organic layer
contained an unsaturated product, possibly forrhealigh a retro-Ritter reaction. The modified Ritteaction
scheme included as a second step a more effidbmtoacetyl group cleavage, affording the primtarg-alkyl
amine in yields 80% and 60% for substrategCRand BYC respectively. The azide reduction had moderate to
low yields, 60% and 20% respectively, for the saulestrates. However, in the first step tee-alkyl azides
2¢, 3c are formed in higher yields compared to tie-alkyl chloroacetamide22 and23. Procedure B, while
providing aminelld through chloroacetamid4 successfully, was not productive when applied tfo
synthesis of amines5d or 18d The relevant trials afforded chloroacetami@&s 26in low to moderate yield,
due to the formation of an alkene by-product, dmsl dleavage of the chloroacetyl group with thiougeae
correspondingly theert-alkyl aminesl5d, 18donly in traces (Figure S5).

Addition of organometallic reagents toN-tert-butylsulfinyl imines (Procedure C)

The procedure consisting of the addition of orgaagnesium or organolithium reagents to tNeert-
butylsulfinyl imine$"*? 28 and 29 and deprotection ofN-tert-butylsulfinamides30 and 31**? proved
successful for the synthesis of tteet-alkyl amines2d and3d (Table 4). However, more elaborate conditions
and more expensive reagents (¢egt-butanesulfinamide) were needed, compared to teeiqus procedures.
For the preparation of BG-NH, (3d), the addition oBuLi/AlMe 3 to imine28 was applied, which proved to be
more efficient compared to BuMgBr or But’i*?

Table 4. Synthesis of primarytert-alkyl amines by the addition of organometallic geats to N-tert-
butylsulfinyl imines (Procedure C).

(I? o n-PrMgBr o
_ (o]
H2N’S /g ether, -60 °C § ® o
JNl\ 7< or HN” 7< HCI NH; , CI
_—
R R?  Ti(OEt), R "R? BULi MeAl R1/I\3R2 EtOH R1/||;3R2
THF n-Bull, Vie; R Dioxane

Toluene, -78 °C
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Entry Ketone  N-tBu-sulfinylimine Isolated tBu-sulfinamidé Amine Isolated
R',R? R',R? Yield R'R°R® R',R°R® Yield
1 Pr,Pr2a Pr,Pr,28 70% Pr,Pr,P130 Pr,Pr,Prz2d 40%
2 Bu,Bu,3a Bu,Bu,29 77% Bu,Bu,Bu3l Bu,Bu,Bu,3d 25%

4yield not determinedfrom theN-tert-butylsulfinyl imine

Starting from the same commercially available ketgerocedure A applied the sequence ketenéert-
alkyl alcohol— tert-alkyl azide— tert-alkyl amine; procedure B using the modified Ritteaction applied the
sequence ketone» tert-alkyl alcohol— tert-alkyl chloroacetamide- tert-alkyl amine; procedure C applied
the sequence ketone» tert-butylsulfinyl imines — tert-butanesulfinamide— tert-alkyl amine. From 5-
nonanone 3a) the synthesis of BCNH, (3d) was accomplished using the procedure A, B (medifritter)
and C in 13%, 25%, and 19% vyield respectively.tBigfrom 4-heptanone2g), the synthesis of EENH, (2d)
was accomplished in 37%, 30%, 28% vyield respegtivEerocedure C, similarly to procedure B (modified
Ritter), was also not productive in the adamanterees. The reaction of 1-adamantyl ethyl ket8evith tert-
butanesulfinamide did not yield the correspondiagrt-butylsulfinyl imine33. The formation of intermediates
27 and33 suffers from steric hindrance, as suggested byebMaar Mechanics calculations (see Figure S5).

Addition of organometallic reagents to nitriles (Piocedure D)

The one-pot synthesis of primaeyt-alkyl amines through addition of organometalliagents to nitriles in the
presence of Lewis acid catalysts was investig&tétThe synthesis of fewert-alkyl amines was first tested
through a procedure following the Kulinkovich-de iMee reaction conditions: addition of an excess of
organometallic reagent (3-4 equivalents) to niriléeq) mediated by Ti(iPr@j1 eq) in one-pot (Table 5.

Table 5. One-pot synthesis of primatgrt-alkyl amines by the addition of organometallicgeats to nitriles
mediated by Ti(iPrQ)(Procedure D).

organometallic reagent, Ti(iPrO),4

RCN » product
Entry nitrile reagents, protocol Product: yield
1), (2 1) 2)
NH,
C=N ./
BuMgBr ether, Ti(iPrOy BU+BU
1 — UMgBT ether. Ti(IPTO] Pr Not tested
34
6d: 25%
= NH
C=N 2
BuMgBr ether, Ti(iPrOy* BUJFBU
2 /_/7 uMgBr ether, TI(IPrO] Bu Not tested
35 3d: 20%
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NH,
)—C=N PrMgBr ether, Ti(iPrQjt PP
3 g ' Not tested
36
38: 20%
c=n NH,
B H Me
o
A @ MeMgBr ether, Ti(iPrOy Not tested
37
39: 15%
C=N NH, NH
Et——Et H——Et
EtMgBr ether, Ti(iP
5 @ gBr ether, Ti(iPrOy + Not tested
37 16d: 4% 40: 3%
C=N
BrMg(CH,)sMgBr NH,
6 ether, Ti(iPrO)° Not tested
37
19d: 10%
c=N NH, NH,
B Me Me Me Me
. 1. MeMgBr ether, Ti(iPrQy)
2. Meli, ethef
37 15d: 10% 15d: 11%
C=N NH, NH,
B Et Et Et Et
3 1. EtMgBr ether, Ti(iPrQ)2.
EtLi, ether
37 16d: 10% 16d: 10%
C=N NH, NH,
1. MeMgBr, Ti(iPrO), ether Me Me Me Me
9 2. MeMgBr, ethef
37 15d: 10% 15d: 10%

NH,
e Me

10 MeLi,CeCk THF, -65°C*

Jny
ines

15d: 12%

(1) Kulinkovich-DeMeijere; (2) Kulinkovich-Szymoak; *RMgBr(3eq)/Ti(iPrO)(1eq)/ether/24h/reflux;
PBrMg(CH,)sMgBr(2eq)/Ti(iPrO). (leq)/ether/24h/reflux;°1.RMgBr(1eq)/Ti(iPrO) (leq)/ether/lh/rt 2.MelLi
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(2eq) ether/24h/reflux! MeMgBr (1eq)/Ti(iPrO) (leq)/ether/1h/rt 2. MeMgBr (2 eq)/ether/1h, StleLi (3
eq)/CeC4(3 eq)/THF/4h/-65C.

One equivalent of the Grignard reagent reacted With the nitrile, forming an imino derivative. &h
Ti(iPrO), was added to activate the imino functionality the addition of a second equivalent of an
organometallic reagent, which can be a differeng@ard or an organolithium reagent (see Figurdd8@he
detailed desciption of the original protocti)Starting from the commercially available butanefeit(34) and
pentanenitrile 35), the preparation of PrBGNH, (6d) and B4CNH, (3d) was accomplished in 25% and 20%
yield respectively (Table 5, entries 1, 2). In thiéginal papers, the reaction was tested for e#rilp to
secondary or benzonitrif8:*> We applied the Kulinkovich-de Meijere reactionpiwalonitrile (36). Treatment
of nitrile 33 with propylmagnesium bromide (3 eq)/Ti(iPiQ3fforded thet-BuPL,CNH, (38) in 20% vyield
(Table 5, entry 3). Following a work-up of the reac mixture, the yield was determined for the tears
depicted in Table 5 after fumarate salt formatiad eecrystallization of the amine product, as prasly. The
Kulinkovich-de Meijere protocol was applied for theaction of 1-adamantanecarbonitriB¥)(and the simple
Grignard reagents RMgBr (R=Me, Et) in the preseatdi(iPrO), for the synthesis of primartert-alkyl
adamantanamine&5d and 16d (Table 5, entries 4-9). The addition of ethylmagjnen bromide to 1-
adamantanecarbonitril87) using the above conditions afforded a mixtureAdEtCHNH, (40) in 3% yield
andAdELCNH, 16din 4% vyield; the ratio ofi0 to 16d was 60:40 according to tH&C NMR spectrum (Table
5, entry 5). It was thought thaf3ahydride addition from the second equivalent of thganometallic reagent to
an imino group might explain the formation of teee-alkyl amine40 along with thetert-alkyl amine 16d.
However, it was striking that the application of MigBr afforded the secondary amine, that is, rimdim
AdMeCHNH;, (39) in 15% vyield (Table 5, entry 4); while unreact&dMeC=NH imine was identified in the
filtrate after filtration of the solid fumarare salff the amine89. The application of an organolithium compound
as the organometallic reagent in the second stepalem tested using the Kulinkovich-de Meijere pcot
(Figure S6). The desiradrt-alkyl amines15d, 16d were obtained in 10% yield (Table 5, entries 7,I@)the
fumarate salt, a small amount of the secondary @B¥nwas again detected as a 10% contamination.

The organocerium reagent prepared from anhydrauisne€lll) chloride and methyl lithium was tested a
candidate to a higher yield formation teft-alkyl amine16d This one-pot sequence was assumed to proceed
through an activated imino functionality to givenpary tert-alkylamines (Figure S7). The reaction of 3 equiv
of MeCeC} with 1-adamantanecarbonitrild2) at -78 °C and stirring the mixture at ‘85 for 4 h was reported
to afford 15d in 75%%° We tested this procedure twice and the maximurtd yietained was 12% fat5d
(Table 5, entry 10).

The Kulinkovich-Szymoniak reaction conditions were also tested for the pagfmn of 15d and16d. In
this protocol, the nitrile, Ti(iPrQ)and organometallic reagent were initially placegether in the reaction flask
(see Figure S8 for the detailed desciption of thgiral protocol). Subsequently, an additional amtoaf
organometallic reagent (the same as previouslyffarent) is added. In our trials, we employed eogivalent
of EtMgBr and then one equivalent of EtLi, or twguevalents of EtMgBr (Figure S8). This reaction seace
is based on the formation of a titatanocene comgauciuding an electrophilic imine bond, which resawith
the second organometallic reagent (see Figure Sthéodetailed desciption of the original protocdlsing
these conditions the pure amib®d or 16d was isolated as crystalline fumarate in 10% y{@lable 5, entries
7,8). When the Kulinkovich-de Meijere protocol tretKulinkovich-Szymoniak protocol was applied faet
treatment of 1l-adamantanecarbonitriB?)(with Ti(iPrOl/RMgBr and RLi, thetert-alkyl amine 15d or 16d
was afforded in 10 to 11% yield (Table 5, entrie®).7A recent report applied Ti(iPr@n combination with
ethylmagnesium bromide under Kulinkovich-Szymoniakditions was reported to affoldd in 52% yield?*’
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This result was not reproduced after several triks application of the Kulinkovich-Szymoniak probl for
the treatment of 1-adamantanecarbonit8@ (ith Ti(iPrO), MeMgBr (1eq) and MeMgBr (2 eq) afforded the
tert-alkyl amine15d in 8% yield (Table 5, entry 9). The Kulinkovich-déeijere protocol with Ti(iPrQ)and
MeMgBr (1eq) and MeMgBr (2 eq) afforded amihgd in 10% vyield (Table 5, entry 9). The way that the
organomagnesium reagent was added influenced #h& yn comparison to entry 4; applying the additaf
the 3 equivalents in one step before addition ¢iPTO), did not afford the desired amiriéd. Trials using
allylmagnesium bromide afforded a complex mixtufepooducts either using Kulinkovich-de Meijere or
Kulinkovich-Szymoniak. The reaction of adamantamoaitrile @7) with 1,4-bis(bromomagnesiobutane)
afforded cyclopentanamifie 19d in 10% yield (Table 5, entry 6)The overall yield using procedure A for the
transformation of alcohol to amiri®d starting from the commercially available 1-adaraaatarboxylic acid
using treatment of 1-adamantanecarboxylate witkbisébromomagnesiobutane) was ~ 32%.

4 Conclusions

Although elegant procedures have been developethéopreparation of primarsec-alkyl amines through the
formation of carbon-carbon bonds in position alfth#éhe respective nitrogen (see for example reterél8), the
synthesis of primaryert-alkyl amines, which are of great interest to tieédfof medicinal chemistry, is still not
trivial. A systematic study of four standard progest on the preparation of primatgrt-alkyl amines was
presented. Under procedure A, tieet-alkyl azides can be prepared fraent-alkyl alcohols using NaiNand
dichloromethane or 1,2-dicholoroethane as optinolents, and the target amines are prepared byeazid
reduction with LiAlH;, generally in refluxing ether. It was found thab#e changes of the size of the linear
alkyl chain can influence the yield in the reduststep of this procedure. For example, a gradwhlat®on in
yield from PgC to BwC substrate was observed. A modified Ritter reactemploying atert-alkyl
chloroacetamide intermediate (procedure B), thdtiaddof organometallic reagents té-tert-butyl sulfinyl
ketimines (procedure C) or the one-pot reactiomitiles with organometallic reagents in the preseiof
Ti(iPrO), or CeC} (procedure D) can be useful routes, but were flicient when the substrate includes unique
bulky adducts. The first protocol via azide redoictis rather general even for unique adamantanecssid

5 Experimental Section

General. IR spectra were recorded on a Perkin-Elmer 83%tspmeter.'H and *C NMR spectra were
recorded on a Bruker DRX 400 and AC 200 spectronatdé00 and 50 MHz, respectively, using CP&3 the
solvent and TMS as the internal standard. Carbdtipticities were established by the DEPT experitseiihe
2D NMR techniques, HMQC and COSY, were used forelueidation of the structures of intermediates and
final products. Microanalyses were carried out Iy Microanalyses lab of the National Center foreB8tfic
Research, Demokritos, Athens, and the results mddahad a maximum deviation of = 0.4% from the
theoretical value. Compoun@sl-13d were synthesized in reference 29 (see Figure c®hpoundsl5d, 16d
were synthesized in reference 11 but in this woskensynthesized with improved yield (see Figure; S2)
compoundsl9d, 20d were synthesized using the procedure describedfarence 49 and in reference 30 as
modification of the procedure applied in refered8e(see Figures S3, S4). Caution should be kephwbang
NaN; or KCN in strong acid which can generate the t&¢@N or HN; respectively. When the adamantane ring
is 2,2-disubstituted with A, B substituents onetlodé cyclohexane rings has the 2-substituent A irecaal
position and another cyclohexane ring has the 3tgubnt B in an axial position. Therefore 4,9-carb of the
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adamantane in one cyclohexane ring has proton9a&ernd 4eq,9eq due to the 2-axial substituentdA8&h0-
carbons of the adamantane in the other relevamblogeane ring has has protons 8ax,10ax and 8eqdifi=tp
the 2-axial substituent B (Figure S9).

Procedure A

4-Ethyloctan-4-amine (BUEtPrCNH,) 1d. 4-Ethyloctan-4-ollb was obtained after treating a solution of 3-
heptanonela (1g, 8.77 mmol) in dry ether (30% solution w/v) lwit.2-molar excess of GBH,CH,MgBr
(obtained from an 20% solution w/v solution of bimopropane (2.1 g, 17.54 mmol) in dry ether and 1.3
equivalents of Mg (548 mg, 22.8 mmol)) under argdmosphere and stirring the mixture overnight. Afte
treating the mixture with saturated ammonium cllerfollowing usual workup the corresponding testiar
alcohol 1b was obtained. Yield 1.1 g, (80%); IR (NujoljOH) 3392 crit; 'H NMR (CDCk, 400 MHz): 6
(ppm) 0.85 (t,J=7.1 Hz, 3H, (CH)3CHzs), 0.91 (t,J=7.1 Hz, 6H, (CH),CHs;, CH,CH3), 1.22-1.48 (m, 13H,
(CH2)sCHs, (CH,)2CHs, CH,CHs, OH); *C NMR (CDCk, 50 MHz) 6 (ppm) 7.9 ((CHb)sCHs), 14.3
((CHy).CHg), 14.9 (CHCHg), 16.9 ((CH).CH,CHg), 23.5 (CHCH,CH3), 25.8 (CHCH,CH,CH;), 31.7
(CH2CHj3), 38.6 (CH(CH,)2CHs), 41.4 (CHCH,CHzg), 74.3 (COH).

To a stirred mixture of sodium azide (488 mg, 7.8@nol) and dry dichloromethane (15 mL),
trifluoroacetic acid (2 mL, 25 mmol) was added & The resulting mixture was stirred for 10 mtr0a’C
and a solution of the 4-ethyl-4-octanthh (400 mg, 2.50 mmol) in 10 mL of dichloromethanesvwadded
dropwise. The mixture was stirred at 0-5 °C for arid 24 h at ambient temperature. The mixture wadem
alkaline by adding NEl12 % (40 mL) and the organic phase was separ@tedlaqueous phase was extracted
with dichloromethane and the combined organic phagere washed with water, brine and dried,0@).
Solvent was evaporated in vacuo to afford 4-azigdh4loctanelc. Yield 398 mg, (87%); IR (Nujoly(Ns)
2093 cm’; *C NMR (CDCk, 50 MHz) 6 (ppm) 8.1 ((CH)sCHs), 14.2 ((CH).CHs), 14.6 (CHCHs),
17.0((CH)2CH,CHs), 23.2 (CHCH,CH;g), 25.8 (CHCH,CH,CHs), 29.3 (CHCHs;), 35.8 (CH(CH,).CHs),
38.5 (CHCH,CHg), 67.3 (CN).

To a stirred suspension of LiIAIK223 mg, 5.87 mmol) in dry ether (20 mL) was addeapwise at 0 °C a
solution of the alkyl azidéc (269 mg, 1.47 mmol) in dry ether (15 mL). The et was refluxed for 5 h and
then was treated with water, NaOH 10 % and watke. ifisoluble inorganic material was filtered-offasihed
with ether and the filtrate was extracted with 2. The aqueous phase was made alkaline with sotdim
carbonate and was extracted with diclhoromethanettear. The organic phase was washed with brined dr
(NaxSQ,) and evaporated in vacuo to afford the andideYield 150 mg, (65%)*H NMR (CDCk, 200 MHz)é
(ppm) 0.82 (t,J=7.1 Hz, 3H, (CH)3CHs), 0.90 (t,J=7.1 Hz, 6H, (CH),CHs, CH,CHz3), 1.26-1.37 (m, 14H,
(CHz)sCHs, (CH)2CHs, CH.CHs, NHp); C NMR (CDCh, 50 MHz) 6 (ppm) 7.9  ((CH)sCHa),
14.3((CH)2CHs), 15.0(CHCHs), 16.8((CH).CH.CHs), 23.6 (CHCH.CHs), 25.9 (CHCH,CH,CHs), 32.6
(CH,CHjz), 39.6 (CH(CH,),CHz), 42.4 (CHCH,CHjz), 53.6 (CNH). MS (ES+) : GoHxN" (M+H") 158.2
Found: 158.2. Anal. (GH27NO,). Calcd. C, 61.51; H, 9.96; N, 5.12. Found: C, 61.54; BL16; N, 5.01.
4-Propylheptan-4-amine (PECNH,) 2d. Tertiary alcohol 2b was obtained after treating a solution of 4-
heptanon®a (1g, 8.77 mmol) in dry diethyl ether (30% solutierv) with 1.2-molar excess GBH,CH,MgBr
(obtained from an 20% solution w/v solution of bimopropane (2.1 g, 17.54 mmol) in dry ether argd 1.
equivalents of Mg (548 mg, 22.8 mmol)) under argdmosphere and stirring the mixture overnight. Afte
treating the mixture with saturated ammonium chlerfollowing usual workup 4-propylheptan-4-2ih was
obtained. Yield 1.1 g, (78%); IR (Nujol{OH) 3392 crit; *H NMR (CDCl, 200 MHz)s (ppm)0.91 (t,J=7.1
Hz, 9H, 3x CHCH,CHs), 1.15-1.41 (m, 12H, 3xGIEH,CHs , 3xCHCH,CHz), 2.10 (br s, OH)>*C NMR
(CDCls, 50 MHz)6 14.9 (CH), 17.0 (CHCH,CHs), 42.0 (CHCH,CHj3), 74.7 (COH).
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The 4-azido-4-propylheptare was prepared by treatment of the tertiary alc@mnqd00 mg, 2.50 mmol)
with CH,Cl, (15 mL)/NaN (488 mg, 7.50 mmol)/TFA (2 mL, 25 mmol) accorditgythe same procedure
followed for 4-azido-4-ethyloctankc. Yield 356 mg, (78%)tR (Nujol) v(N3) 2101 cnt; **C NMR (CDCE, 50
MH2z) ¢ (ppm)14.4 (3XCHCH,CHs), 16.9 (3XCHCH,CHs), 38.9 (3XCHCH,CHs), 66.8 (CN).

The oily amine2d was prepared through LiAIH{288 mg, 7.60 mmol) reduction of azide (350 mg, 1.90
mmol) in refluxing ether (20 mL) for 5h accordirgthe same procedure followed for 4-ethyloctan-4narhd.
950 mg,Yield 50%;'H NMR (CDCk, 400 MHz):6 (ppm) 0.88 (t,J=7.1 Hz, 9H), 1.27-1.45 (m, 12H}°C
NMR (CDCk, 50 MHz) o (ppm)14.9 (CH), 16.8(CHCH,CHjs), 42.9(CHCH,CHjs), 53.4 (CNH). MS (ES+)
CioH24N" (M+H™) 158.2 Found 158.2. Anal. (§4,7NO,). Calcd. C, 61.51; H, 9.96; N, 5.12. Found: C.661
H, 10.06; N, 5.13.
5-Butyl-nonan-5-amine (BuCNH;) 3d. 5-Butyl-nonan-5-0l,3b was obtained after treating a solution of 5-
nonanone3a (1 g, 7.04 mmol) in dry diethyl ether (30% solatiow/v) with 1.2-molar excess
CH3CH,CH,CHMgBr (obtained from an 20% solution w/v solutionlsbromobutane (1.9 g, 14.08 mmol) in
dry ether and 1.3 equivalents of Mg (440 mg, 18r8Bal under argon atmosphere and stirring the mextur
overnight. After treating the mixture with satudht@mmonium chloride following usual workup the
corresponding tertiary alcoh@b was obtained. Yield 1.1g, (80%); IR (NujoljOH) 3392 crit; H NMR
(CDCl;, 200 MHz) 6 (ppm) 0.88 (t, J=7.1 Hz, 9H, 3xCHCH,CH,CH,), 1.18-1.31 (m, 13H,
3XCHsCH,CH2CHs, 3x CHCH,CH,CH,, OH), 1.34-1.42 (m, 6H, 3x GIEH,CH,CH,); *C NMR (CDCk, 50
MH2z) J (ppm) 14.2 (3xCHh), 23.4 (3XxCHCH,CH,CH), 25.8 (3XCHCH,CH,CH,), 39.1 (3xCHCH,CH,CH,),
74.4 (COH).

The 5-azido-5-butylnonang&c was prepared by treatment of the tertiary alc@on(500 mg, 2.50 mmol)
with CH,Cl, (20 mL)/NaN (489 mg, 7.50 mmol)/TFA (2 mL, 25 mmol) accordirg the same procedure
followed for 4-azido-4-ethyloctankc. Yield 460 mg, (82%); IR (Nujoly(N3) 2095 cn; *C NMR (CDCE, 50
MHz) J (ppm) 14.2 (3xCh), 23.2 (3XCHCH,CH,CH), 25.9 (3XCHCH,CH,CH), 36.4 (3XxCHCH,CH,CH,),
66.9 (CN).

The oily amine3d was prepared through LiAIH270 mg, 7.11 mmol) reduction of azide (400 mg, 1.78
mmol) in refluxing ether (20 mL) for 5h accordirgthe same procedure followed for 4-ethyloctan-4narhd.
Yield 20%; 'H NMR (CDCk, 400 MHz)d (ppm) 0.89 (tJ=7.0 Hz, 9H, 3XCHCH,CH,CHs), 1.15-1.30 (m,
18H, 3XCHCH,CH,CHs); **C NMR (CDCE, 50 MHz)4 (ppm) 14.3 (3xCh), 23.6 (3XCHCH,CH,CHy), 25.9
(8XCH3CH,CH,CHjy), 40.1 (3XCHCH,CH,CH,), 53.2 (CNH). MS(ES+) (M+H) CisHsoN" 200.24 Found:
200.04. Anal. (gH33NOy) Calcd. C, 64.73; H, 10.54; N, 4.44. Found C584H, 10.42; N, 4.63.
2-Methyl-4-propyl-heptan-4-amine (i-BuPr,CNH,) 4d. 2-methyl-4-propyl-heptan-4-alb was obtained after
adding to i-butyllithium (14 mL, 21.9 mmol) reagdt6 M in hexanes) a solution of 4-heptan@adlg, 8.77
mmol) in dry ether (30% solution w/v) at 0 °C undegon atmosphere and stirring the mixture ovetnigtth
lithium reagent being in a 2.5-molar excess. Afreiating the mixture with saturated ammonium clleri
following usual workup the corresponding tertiatgodol 4b was obtained. Yield 1.2 g, (80%); IR (Nujol)
v(OH) 3422 crit; *H NMR (CDCk, 400 MHz)d (ppm) 0.86-0.89 (m, 6H, 2x(Ch.CHs) 0.92 (d,J=7.1 Hz,
6H, CH.CH(CH)2), 1.23-1.25 (m, 4H, 2xC¥H,CHs), 1.31 (d,J=6.9 Hz, 2H, CHCH(CHs),), 1.37-1.41 (m,
4H, 2xCHCH,CHs), 1.73 (sepJ=6.9 Hz, 1H, CHCH(CHs),); **C NMR (CDCk, 50 MHz) 6 (ppm) 14.78
(2XCHCH2CHg), 17.01 (2XCHCH2CHj), 23.8 (CHCH(CH)2), 24.9 (CHCH(CH)2), 42.23 (2xCHCH2CHs),
48.13 (CHCH(CHg),), 75.22 (COH).

The 4-azido-2-methyl-4-propylheptade was prepared by treatment of the tertiary alcetim(500 mg,
2.90 mmol) with CHCI, (25 mL)/NaN; (570 mg,8.72 mmol) TFA (2.3 mL, 29 mmol) according to there
procedure followed for 4-azido-4-ethyloctabe Yield 490 mg, (86%); IR (Nujoly(Ns) 2101 cnt; **C NMR
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(CDClz, 50 MHz) 6 (ppm) 14.6 (2xCHCH,CHg), 17.1 (2xCHCH,CH3), 23.9 (CHCH(CHy),), 24.4
(CH,CH(CH),), 39.1(2XCHCH,CHz), 45.1 (CHCH(CHs),), 67.0 (CN).

The oily amine4d was prepared through LIAIH309 mg, 8.12 mmol) reduction of azide (400 mg, 2.03
mmol) in refluxing ether (20 mL) for 5h accordirgthe same procedure followed for 4-ethyloctan-4rarhd.
Yield 49 mg, (14%) NMR (CDCk, 400 MHz):6 (ppm) 0.84-0.88 (m, 6H, 2x(CH.CHs) 0.89 (d,J=7.1
Hz, 6H, CHCH(CHs),), 1.20-1.25 (m, 10H, 2xCi€H,CH3, CH,CH(CHg)2); 1.62-1.71 (m, 1H, CHCH(CH).

) : 13C NMR (CDCk, 50 MHz)d (ppm) 14.86 (2xChCH,CHs), 16.93 (2xCHCH,CHs), 23.8 (CHCH(CHs)y),
25.4 (CHCH(CHg),), 43.36 (2xCHCH,CHjz), 49.15 (CHCH(CHg),), 54.17 (CNH). MS (ES+) GiHaeN"
(M+H") 172.2 Found 172.1. Anal. {§1,0NO,) Calcd. C, 62.69; H, 10.17; N, 4.87. Found C, 8213, 10.16;
N, 4.61.

4-Propyl-octan-4-amine (BuPgC-NH,) 5d. 4-Propyl-octan-4-obb was obtained after treating a solution of 4-
heptanone 2a (1g, 8.77 mmol) in dry diethyl ether (30% solutiow/v) with 1.2-molar excess
CH3CH,CH,CH;MgBr (obtained from an 20% solution w/v solutionlsbromobutane (2,4 g, 17.54 mmol) in
dry ether and 1.3 equivalents of Mg (548 mg, 22r8af) under argon atmosphere and stirring the mextu
overnight. After treating the mixture with satudhtemmonium chloride following usual workup the
corresponding tertiary alcohb was obtained. Yield 990 mg, (71 %); IR (Nuje(Ns) 3392 cni; *H NMR
(CDCls, 200 MHz)6 (ppm)0.85-0.91 (m, 9H, C§J, 1.21-1.31 (m, 9H, 2xC¥H,CH,, CH;CH,CH,CH,, OH),
1.34-1.42 (m, 6H, 2x C¥H,CH,, CH;CH,CH,CH,); *C NMR (CDCk, 50 MHz)d (ppm)14.2 ((CH)sCHs),
14.8 (2x(CH).CHz), 16.8 ((CH).CH,CH;), 23.5 (2xCHCH,CH3), 25.8 (CHCH,CH,CHj3), 39.1
(2xCH,CH,CHj3), 41.8 (CHCH.CH,COH), 74.5 (COH).

The 4-azido-4-propyloctangc was prepared was prepared by treatment of threrlcohol5b (900
mg, 5.23 mmolwith CH,Cl, (20 mL)/NaN (1 g, 15.7 mmol)/TFA (4.1 mL, 52 mmol) accordingth® same
procedure followed for 4-azido-4-ethyloctabe Yield 730 mg, (71%)IR (Nujol) v(N3) 2095 cnt; **C NMR
(CDCls, 50 MHz) ¢ (ppm) 14.2 ((CH)sCHs), 14.6 (2x(CH).CHs), 17.0 ((CH).CH,CHs), 23.2
(2xCH,CH,CHjs), 25.9 (CHCH,CH,CHg), 36.4 (2xCHCH,CHj3), 39.0 (CHCH,CH,CN3), 66.9 (CN).

The oily aminebd was prepared through LiIAIH540 mg,14.2 mmol) reduction of azile (700 mg, 3.55
mmol) in refluxing ether (25 mL) for 5h accordirgthe same procedure followed for 4-ethyloctan-4narhd.
Yield 365 mg, (60%);H NMR (CDCk, 400 MHz):5 (ppm) 0.85-0.89 (m, 9H, Ck, 1.16-1.27 (m, 14H,
2XCHsCH,CH;, CHsCH,CH,CH,); *C NMR (CDCk, 50 MHz) § (ppm) 14.0 ((CH)sCHs), 14.8
(2X(CH)2CH3), 16.7 ((CH),CH,CHs3), 23.4 (2xCHCH,CHj3), 25.7 (CHCH,CH,CHz), 39.9 (2xCHCH,CHy)
42.8 (CHCHCH,CNH,), 53.2 (CNH). Anal. (GsH29NOy4) Calcd. C, 62.69; H, 10.17; N, 4.87. Found C,
62.66; H, 10.53; N, 4.89.
5-Propyl-nonan-5-amine (BuPrCNH;) 6d. 5-Propyl-nonan-5-06b was obtained after treating a solution of
5-nonanone3a (1 g, 7.04 mmol) in dry diethyl ether (30% solutiom/v) with 1.2-molar excess
CH3CH,CH,MgBr (obtained from 20% solution w/v solution ofotemopropane (1.9 g, 14.08 mmol) in dry
ether and 1.3 equivalents of Mg (440 mg, 18.3 mnuoijler argon atmosphere and stirring the mixture
overnight. After treating the mixture with satudht@mmonium chloride following usual workup the
corresponding tertiary alcoh6b was obtained. Yield 915 mg, (70%); IR (Nuje{DH) 3392 cnit; 1*C NMR
(CDClz, 50 MHz) ¢ (ppm) 14.2 (2x_Chk(CH,)3), 14.8 (CH(CH,)2), 16.8 (2xCHCH,(CH,),), 23.5
(2XxCH;CH,CH,CHy), 25.8 (CHCH,CHz), 39.2 (2XxCH(CH,).CH,), 41.8 (CHCH,CHj3), 74.5 (COH).

The 5-azido-5-propylnonarte was prepared by treatment of the tertiary alc@mo(500 mg, 2.69 mmol)
with CH,CI, (20 mL)/NaN; (524 mg, 8.06 mmol)/TFA (2.2 mL, 27 mmol) accoglito the same procedure
followed for 4-azido-4-ethyloctankc. Yield 425 mg, (75%); IR (Nujoly(N3) 2094 cni'; **C NMR (CDCE, 50
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MHz) 6 (ppm) 14.1 (2x_CK(CHy)3), 14.6 (CH(CHy,)2), 17.0 (2xCHCH,(CH,),), 23.2 (2xCHCH,CH,CH,),
25.8 (CHCH,CHg), 36.4 (2XxCH(CH,)2CH,), 39.1 (CHCH,CHzs), 66.9 (CN).

The oily amine6d was prepared through LiAIH289 mg, 7.60 mmol) reduction of azifle (400 mg, 1.90
mmol) in refluxing ether (20 mL) for 5h accorditm the same procedure followed for 4-ethyloctanvdre
1c.Yield 35%;H NMR (CDCk, 400 MHz):6 0.89 (t,J=7.0 Hz, 9H, CH), 1.24-1.31 (m, 9H, Ch), 1.34-1.40
(m, 6H, CH); ®C NMR (CDCk, 50 MHz) § (ppm) 14.4 2x_CHCH,)s), 15.1 (CH(CH),), 16.9
(2XCH;CH2(CHy)2), 23.7 (2xCHCH.CH,CHy), 25.9 (CHCH,CHs), 40.4 (2xCH(CH,).CH,), 42.9
(CH.CH,CHs), 53.4 (CNH). Anal. (GeH31NO,) Calcd. C, 63.75; H, 10.37; N, 4.65. Found C, 8318, 10.16;
N, 5.01.
2-Methyl-4-isobutyl-octan-4-amine (i-BuBUCNH>) 7d. 2-Methyl-4-isobutyl-octan-4-ofb was obtained after
adding a solution of 2,6-dimethyl-heptan-4-akze (1 g, 7.04 mmol) in dry diethyl ether (30% sabutiw/v) to
n-butyllithium (1.6 M in hexanes), (13.5 mL, 21.Jmol) at O °C under argon atmosphere and stirrirgg th
mixture overnight, with lithium reagent being irB&@ molar excess; After treating the mixture wigtusated
ammonium chloride following usual workup the copesding tertiary alcoholb was obtained. Yield 1.1 g,
(80%); IR (Nujol)v(OH) 3460 crif; *H NMR (CDChk, 400 MHz):6 (ppm) 0.88 (t,J=7.0 Hz, 3H, (CH),CHs)
0.92-0.95 (m, 12H, 2xCiLH(CHs),), 1.19-1.35 (m, 10H, CH€H,CH,CHs, 2XCHCH(CHg)2), 1.74 (sep, 2H,
J=6.9 Hz, 2xCHCH(CHs),); *C NMR (CDCE, 50 MHz)d (ppm) 14.2 (CH(CH,)3), 23.5 (CHCH,(CH,)),
23.9 (2xCHCH(CHga)2), 25.0 (2XCHCH(CHg),), 26.4 (CHCH,CH,CHs;), 39.9 (CH(CH,).CHs), 48.7
(2XCH,CH(CHg)2), 75.9 (COH).

The 4-azido-2-methyl-4-isobutyloctarfe was prepared by treatment of the tertiary alcatim(500 mg,
2.69 mmol) with CHCI, (25 mL)/NaN; (525 mg, 8.07mmol)/TFA (2.2 mL, 26.9 mmol) accoglio the same
procedure followed for 4-azido-4-ethyloctabe Yield 430 mg, (76%); IR (Nujoly(Ns) 2099 cnt; **C NMR
(CDClz, 50 MHz) ¢ (ppm) 14.2 (CH(CH))s), 24.0 (CHCHy(CH,)23), 24.2 (2xCHCH(CHg),), 24.6
(2XCH,CH(CH)2), 26.3 (CHCH,CH,CHz), 36.4 (CH(CH,)2.CHsg), 45.5 (2xCHCH(CHg)2), 67.1 (CN).

The oily amine7d was prepared through LiAIH288 mg, 7.58 mmol) reduction of azide (400 mg, 1.90
mmol) in refluxing ether (20 mL) for 5h accordirgthe same procedure followed for 4-ethyloctan-4narhd.
Yield 70 mg, (20%);H NMR (CDCk, 400 MHz)d (ppm) 0.89 (t,J=7.0 Hz, 3H, CH(CH,)3) 0.89-0.94 (m,
12H, 2x CHCH(CH),), 1.25-1.32 (m, 10H, CHH,CH,CH; 2xCHCH(CH;),), 1.66-1.74 (m, 2H,
2XCH,CH(CHs)2); **C NMR (CDCk, 50 MHz) § (ppm) 14.3 (CH(CH)s), 23.5 (CHCH,(CH,)2), 23.8
(2XCH,CH(CHg)2), 25.5 (2xCHCH(CHg),), 26.3 (CHCH,CH,CH3), 40.9 (CH(CH,),CHz), 49.7
(2XCH,CH(CHg)2), 55.1 (CNH). Anal. (G7H33NO,). Calcd. C, 64.73; H, 10.54; N, 4.44. Found C384H,
10.08; N, 4.81.
2-Methyl-tricyclo[3.3.1.1%Jdecan-2-amine 8d.Tertiary alcohol8b was obtained after treating a solution of
adamantanone5§) (500 mg, 3.33 mmoljn dry THF (30% solution w/v) with 2-molar excess$H4Mgl
(obtained from 20% solution w/v solution of @H940 mg, 6.67 mmol) in dry ether and 1.3 equintdeof Mg
(210 mg, 8.67 mmol)) under argon atmosphere amdngtithe mixture overnight. After treating the rixe
with saturated ammonium chloride the organic phese separated and the aqueous phase was extrnagted t
with an equal volume of diethyl ether. The combimedanic phase was washed with water and brineddri
(Na2S04) and evaporated to afford the correspontdirtgary alcohol8b; yield 525 mg (95 %); IR (Nujol)
v(OH) 3423 cnit; *C NMR (CDCE, 50 MHz)6 (ppm) 27.2,27.5 (5,7 adamantane-C), 27.4 §C133.1 (8,10
adamantane-C), 35.2 (4,9 adamantane-C), 38.4 (dé#Bnantane -C), 39.3 (6 adamantane-C), 74.0 (2
adamantane-C).

To a stirred mixture of sodium azide (187 mg, 2/@&ol) and dry dichloromethane (5 mL), trifluoroacet
acid (0.8 mL, 9.6 mmol) was added at 0 °C. Theltesumixture was stirred for 10 min at 0 °C andaution
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of the tertiary alcoho8b (160 mg, 0.96 mmol) in 5 mL of dichloromethane vadsled dropwise. The mixture
was stirred at 0-5 °C for 4 h and 24 h at ambiemiperature. The mixture was made alkaline by addifdg12

% (30 mL) and the organic phase was separatedadheous phase was extracted with dichloromethade an
the combined organic phases were washed with watere and dried (N&Oy). Solvent was evaporated in
vacuo to afford azidé&cyield 0.161g (88 %); IR (Nujoly(N3) 2213cn.

To a stirred suspension of LIAIH127 mg, 3.35 mmol) in dry ether (10 mL) was addeapwise at 0 °C a
solution of the azid&c (160 mg, 0.84 mmol) in dry ether (5 mL). The migtwvas refluxed for 5 h and then
was treated with water, NaOH 10 % and water. Teluble inorganic material was filtered-off, washveith
ether and the filtrate was extracted with HCI 6%eTaqueous phase was made alkaline with solid sodiu
carbonate and was extracted with diclhoromethanetteer. The organic phase was washed with brined dr
(NaxSQ,) and evaporated in vacuo to afford the an@ideyield 117 mg, (83 %)*H NMR (CDCk, 400 MHz):

0 (ppm) 1.17 (br s, 3H, CH 1.46-1.48 (d,J=12.1 Hz, 2H, 4eq,9eq adamantane-H), 1.54)¥d2.1 Hz, 2H,
8eq,10eq adamantane-H), 1.56-1.63 (br m, 4H, 1&l&mantane-H), 1.76 (br s, 2H, 5,7 adamantané-B},

(d, J=12.1 Hz, 2H, 8ax,10ax adamantane-H), 2.01J&l2.1 Hz, 2H, 4ax,9ax adamantane-FiC NMR
(CDCls, 50 MHz) ¢ (ppm) 27.3 (7 adamantane-C), 27.7 (5 adamantane-C),(€H9, 33.2 (4,9 adamantane-
C), 34.7 (8,10 adamantane-C), 38.9 (6 adamantan@€® (1,3 adamantane-C), 52.9 (2 adamantane-C).
Hydrochloride: mp > 250 °C (EtOH-B2); Anal. (GiH2CIN) C, H, N. Calcd. C, 65.49; H, 9.99; N, 6.94.
Found C, 65.34; H, 10.08; N, 6.64.

2-Ethyl-tricyclo[3.3.1.1*‘]decan-2-amine 9d.Tertiary alcohol9b was obtained after treating a solution of
adamantanone5§) (500 mg, 3.33 mmoljn dry THF (30% solution w/v) with n-ethyllithiumO(G M in
benzene), (20 mL, 10,0 mmol) at 0 °C and stirrihg mixture overnight; yield 560 mg (94%) NMR
(CDCls, 400 MHz): 6 (ppm) 0.86 (t, J=7.0 Hz, CHCHs), 1.40-1.70 (m, 10 H, 1,3, 4eq,9eq,6,8eq,10eq
adamantane-H, Gi€H3), 1.75-1.83 (m, 2H, 5,7 adamantane-H),1.941d,2.1 Hz, 2H, 8ax,10ax adamantane-
H), 2.07 (dJ=12.1 Hz, 2H, 4ax,9ax adamantane-H; NMR (CDCE, 50 MHz)J (ppm) 6.4 (CHCHz), 27.4,
27.5 (5,7 adamantane-C), 30.6 ({CHfz), 33.0 (8,10 adamantane -C), 34.6 (4,9 adamar@né&6.6 (1,3
adamantane-C), 38.5 (6 adamantane-C), 74.9 (2 adanaC).

The tertiary azid®c was prepared by treatment of the tertiary alc@al0.180g, 1.0mmol with CyCl, (5
mL) / NaN; (195 mg, 3.00 mmol) / TFA (0.8 mL, 10.0 mmol) aating to the same procedure followed for the
azide8c; yield 0.160 g (80%); IR (Nujoh)(N3) 2100 cnf.

The oily aminedd was prepared through LIAH0.120 g, 0.78 mmol) reduction of azige (160 mg, 3.12
mmol) in refluxing ether (10 mL) for 5h accordingthe same procedure followed for am8e yield 100 mg
(71%);'H NMR (CDCk, 400 MHz)s (ppm)0.85 (t,J=7.1 Hz, 3H, CHCHs), 1.55 (br s, 2H, 1,3 adamantane-
H), 1.58-1.68 (m, 7H, 4eq,9eqg-H, 8eq, 6 adamankbnéH,CHs), 1.78 (br s, 1H, 5 adamantane-H), 1.81 (br s,
1H, 7 adamantane-H), 1.93 (@&12.1Hz, 2H, 8ax,10ax adamantane-H), 2.06J&12.1 Hz, 2H, 4ax,9ax
adamantane-H)}*C NMR (CDCk, 50 MHz) d (ppm) 6.5 (CHCHs), 27.2, 27.6 (5,7 adamantane-C), 30.7
(CH,CHg), 33.0 (4,9 adamantane-C), 33.8 (8,10 adamantyn@&e® (1,3 adamantane-C), 38.5 (6 adamantane-
C), 74.9 (2 adamantane-C). Hydrochloride: mp > Z5FEtOH-E$O); Anal. (G2H2.CIN). Calcd. C, 66.80; H,
10.28. Found C, 67.01; H, 10.08.
2-n-Propyl-tricyclo[3.3.1.1*"]decan-2-amine 10dThe CHCH=CH,MgBr reagent was obtained by adding a
20% solution w/v solution of C}€H=CH,Br (1.6 g, 13.34 mmol) in dry ether to 1.05 eqglewss of Mg (340
mg, 14.01 mmol) under argon atmosphere. Tertiagohal was obtained after adding a solution of
adamantanondl (1000 mg, 6.67 mmol) in dry diethyl ether (30% ¢ w/v) to the above prepared
CH,CH=CH,MgBr under argon atmosphere and stirring the m&twernight. After treating the mixture with
saturated ammonium chloride following usual worlte corresponding tertiary unsaturated alcoholgylel

Page 17



Tzitzoglaki, C.; Drakopoulos, A. et al.

g, (89%); ¢ (ppm) 1.52 (d, J=12.1 Hz, 2H, 4eq,9eq adamantane-H), 1.53-1.90 (iH, 1
1,3,5,6,7,8eq,10eq,8ax,10ax adamantane-H), 2i15=(02.1 Hz, 1H, 4ax,9ax-H), 2.40 (d75.8 Hz, 2H,
CH,CH=CH,), 5.05-5.15 (m, 2H, C}CH=CH,), 5.75-6.0 (m, 1H, CKCH=CH,).

The unsaturated alcohol was hydrogenated undex (Bétalyst was used in 1/20 percentage to the weigime
unsaturated compound) to afford the n-propyl al¢ditd; yield quant.*H NMR (CDCk, 400 MHz)$ (ppm)
0.92 (t,J=7.0 Hz, 3H, CHCH,CHs), 1.30-1.40 (m, 2H, C¥H,CHs), 1.52 (d,J=12.1 Hz, 2H, 4eq,9eq
adamantane-H), 1.58-1.61 (m, 2H, £LHH,CHg), 1.68 (d,J=12.1 Hz, 2H, 8eq,10eq adamantane-H), 1.67 (br s,
2H, 6 adamantane-H), 1.68 (br s, 2H, 1,3 adamantdnd.79 (m, 2H, 5,7 adamantane-H), 1.83J&112.1 Hz,

2H, 8ax,10ax adamantane-H), 2.16 Jd12.1 Hz, 2H, 4ax,9ax adamantane-t{ NMR (CDCE, 50 MHz) 5
(ppm) 14.9 (CHCH,CHj3), 15.4 (CHCH,CHzg), 27.4, 27.6 (5, 7 adamantane-C), 33.1 {CH,CHs), 34.7 (4, 9
adamantane-C), 37.1 (8, 10 adamantane-C), 38.3 (&damantane-C), 40.9 (6 adamantane-C), 75.2 (2
adamantane-C).

The tertiary azidelOc was prepared by treatment of the tertiary alcd@d (640 mg, 3.27 mmol with
CH.CI, (20 mL)/NaN; (640 mg, 9.83 mmol)/TFA (2.6 mL, 32.7 mmol) aceoglto the same procedure
followed for the azide8c, yield 470 mg (66%); IR (Nujoly(Ns) 2100 cnt; *H NMR (CDCk, 400 MHz):
(ppm) 0.96 (t,J=7.1 Hz, 3H, CHCH,CHzs), 1.42 (m, 2H, CHCH,CHs), 1.59 (d,J=12.1 Hz, 2H, 8eq,10eq
adamantane-H), 1.68 - 2.03 (m, 12H, LLH,CH;3, 1,3,4eq,5,7,8ax,9eq,10ax adamantane-H), 2.10=1.1
Hz, 2H, 4ax,9ax adamantane-Hjc NMR (CDCE, 50 MHz)4 (ppm)14.7 (CHCH,CHs), 16.4 (CHCH,CHs),
27.2, 27.4 (5, 7 adamantane-C), 33.8 {CH,CH;) 34.4 (4, 9 adamantane-C), 37.9 (8, 10 adamar@angs.5
(1, 3 adamantane-C), 40.0 (6 adamantane -C), 8adgmantane -C).

The oily aminel0d was prepared through LIAIH390 mg, 10.3 mmol) reduction of azidéc (490 mg,
2.57 mmol) in refluxing ether (10 mL) for 5h accioigl to the same procedure followed for amirGet yield
350 mg (74%) NMR (CDCk, 400 MHz)s (ppm) 0.92 (t,J=7 Hz, 3H, CHCH,CHs), 1.29-1.40 (m, 2H,
CH,CH.CH3), 1.52 (d,J=12.1 Hz, 2H, 4eq,9eq adamantane-H), 1.58-1.61 (), @GHCH,CHs), 1.67 (d,
J=12.1 Hz, 2H, 8eq,10eq adamantane-H), 1.66 (br sg2&tlamantane-H), 1.68 (br s, 2H, 1,3 adamantgne-H
1.78 (br s, 2H, 5,7 adamantane-H), 1.83J&l12.1 Hz, 2H, 8ax,10ax adamantane-H), 2.16)€d,2.1 Hz, 1H,
4ax,9ax adamantane-H); Hydrochloride: mp> 250 °@KEELO); Anal. (G3H24CIN). Calcd. C, 67.95; H,
10.53; N, 6.10. Found C, 68.15; H, 10.28; N, 6.50.
2-n-Butyl-(tricyclo[3.3.1.1*>"]decan)-2-amine 11d.The 2n-Butyl-tricyclo[3.3.1.F]decan-2-azidellc was
prepared by treatment of the tertiary alcohdb (300 mg, 1.44 mmoljvith CH,Cl, (20 mL) / NaN (281 mg,
4.32 mmol)/TFA (1.2 mL, 14.4 mmol) according to $eme procedure followed for azi@e Yield 255 mg,
(76%); IR (Nujol) v(N3) 2088 cnt; 'H NMR (CDCk, 400 MHz): 6 (ppm) 0.96 (t,J = 7 Hz, 3H,
CH3CH,CH,CH), 1.32-1.42 (m, 4H, C4€H,CH,CH,), 1.62 (d,J=12.1 Hz, 2H, 4eq,9eq adamantane-H), 1.70-
1.93 (m, 12H, adamantane-H, §EH,CH,CH,), 2.14 (d,J=12.1 Hz, 2H, 4ax,9ax adamantane-t{z NMR
(CDCl, 50 MHz)é (ppm)14.2 (CHCH,CH,CH,), 23.3 (CHCH,CH,CHz), 24.9 (CHCH,CH,CHs), 27.2, 27.4
(5,7-adamantane C), 33.8 (4,9-adamantane C), BID-6@damantane C), 34.4 (1,3-adamantane C), 35.2
(CH3CH.CH,CH,), 38.5 (6-adamantane C), 69.7 (2-adamantane @).oil{n aminelldwas prepared through
LiAIH 4 (130 mg, 3.43 mmol) reduction of azidé&c (200 mg, 0.860 mmol) in refluxing ether (15 mL) s
according to the same procedure followed for andideYield 41 mg, (23%):*H NMR (CDCk, 400 MHz)J
(ppm) 0.88 (t,J=7.1 Hz, 3H, CHCH,CH,CH), 1.18-1.32 (m, 4H, C4€H,CH,CH,), 1.45-165 (m, 10H,
adamantane-H, G&€H,CH,CH,), 1.77 (br s, 2H, 5,7 adamantane-H), 1.93 Jd12.1 Hz, 2H, 8ax,10ax
adamantane-H), 2.03 (d12.1 Hz, 2H, 4ax,9ax adamantane-H), 2,13 (br s,NM); **C NMR (CDC}, 50
MHz) ¢ (ppm) 14.3 (CHCH,CH,CH,), 23.7 (CHCH,CH,CHs), 24.6 (CHCH,CH,CHs), 27.5, 27.8 (5,7
adamantane-C), 34.1 (4,9 adamantane-C), 33.2 (&fEOnantane-C), 37.5 (1,3 adamantane-C), 38.6 (6
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adamantane-C), 39.1 (GEH,CH,CH,), 54.5 (2 adamantane-C). Fumarate: mp 22QEtOH-E$O); Anal.
(C18H29NOy). Calcd. C, 66.84; H, 9.04; N, 4.33; Found C, 8613, 9.22; N, 4.84.
2-Phenyl-(tricyclo[3.3.1.#|decan)-2-amine 12d.The 2-Phenyl-tricyclo[3.3.1°f]decan-2-azide12c was
prepared by treatment of the tertiary alcoh®b (300 mg, 1.32 mmoljvith CH,Cl, (20 mL) / NaN (265 mg,
3.95 mmol)/TFA (1.1 mL, 13.2 mmol) according to geme procedure followed for azie Yield 290 mg,
(95%):; IR (Nuijol) v(N3) 2098 cm'; *C NMR (CDCk, 50 MHz) 6 (ppm) 26.8, 27.4 (5,7-adamantane-C), 33.1
(4,9-adamantane-C), 33.4 (8,10-adamantane-C), @43adamantane-C), 37.7 (6-adamantane-C), 70.3 (2-
adamantane-C), 125.6, 127.3, 127.8, 128.9, 140n{p).

The oily aminel2dwas prepared through LIAIH897 mg, 3.95 mmol) reduction of azitigc in refluxing
ether (15 mL) for 5h according to the same procedoitowed for aminesd. Yield 123 mg, (55%)*H NMR
(CDCls, 400 MHz)6 (ppm)1.53 (br s, 2H, 6 adamantane-H), 1.61-1.80 (m,a&t4mantane-H), 1.90 (br s, 2H,
5,7 adamantane-H), 2.33 @12.1 Hz, 1H, 4ax,9ax adamantane-H), 2.45 (br s,12Bladamantane-H), 7.18-
7.25 (m, 5H, phenyl-H)!*C NMR (CDCEk, 50 MHz) ¢ (ppm) 27.2, 27.6 (5,7 adamantane-C), 32.9 (4,9
adamantane-C), 34.6 (8,10 adamantane-C), 35.8 dd@nantane-C), 38.2 (6 adamantane-C), 57.8 (2
adamantane-C), 125.2, 126.2, 128.8, 148.7 (Ph)rdéfdbride: mp> 265C (EtOH-E$O); Anal. (GeH22CIN)
Calcd. C, 72.84; H, 8.41; N, 5.31. Found C, 72H28.32; N, 5.02.
2-Benzyl-(tricyclo[3.3.1.£"]decan)-2-amine 13d. The 2-Benzyl-tricyclo[3.3.1]decan-2-azidel3c was
prepared by treatment of the tertiary alcoh8b (500 mg, 2.07 mmolyvith CH,Cl, (25 mL)/NaN; (540 mg,
8.28 mmol)/TFA (1.7 mL, 20.7 mmol) according to teme procedure followed for azie Yield 280 mg,
(50%); IR (Nuijol) v(N3) 2096 cm'; *C NMR (CDCk, 50 MHz)6 (ppm) 27.1, 27.4 (5,7-adamantane C), 33.7
(4,9-adamantane C), 33.8 (8,10-adamantane C), @43adamantane C), 38.4 (6-adamantane C), 41.4
(CHzPh), 69.8 (2-adamantane C), 126.7, 128.2, 130@61®h).

The oily aminel3dwas prepared through LiAlHeduction of azid&3cin refluxing ether for 5h according
to the same procedure followed for am8tk Yield 45%:*H NMR (CDCk, 400 MHz)s (ppm)1.61 (d,J=12.1
Hz, 2H, 4eq, 9eq adamantane-H), 1.61 (br s, 1HlaBnantane-H), 1.73 (br s, 1H, 5,7 adamantane-FA3, M,
J=12.1 Hz, 2H, 8eq,10eq adamantane-H), 1.87 (br s3l&tlamantane-H), 1.97 (br s, 1H, 1 adamantane-H),
2.09 (d,J=12.1 Hz, 1H, 8ax,10ax adamantane-H), 2.29€d2.1 Hz, 1H, 4ax,9ax adamantane-H), 2.97 (s, 2H,
CH,Ph), 7.10-7.32 (m, 5H, phenyl-H}°*C NMR (CDCk, 50 MHz) d (ppm) 27.6, 27.8 (5,7-adamantane C),
33.2 (4,9- adamantane C), 34.3 (8,10-adamantan87C3, (1,3-adamantane C), 39.2 (6-adamantane Q, 44
(CH,Ph), 55.1 (2-adamantane C), 126.3, 128.1, 130.8.413h). Fumarate: mp 205 °C (EtOHEYX, Anal.
(C21H27NOy). Calcd. C, 70.56; H, 8.41; N, 5.31. Found C, %019, 8.53; N, 5.02.
2-(p-Methoxy)benzyl-(tricyclo[3.3.1.2|decan)-2-amine14d. 2-(p-Methoxy)benzyl-2-adamantandl4b was
obtained after adding dropwise a solution of 2naalatanone (500 mg, 3.33 mmol) in dry THF (6 mLjto
solution of pMeOBnMgCI (0.25 M in THF, 27 mL, 6.6&mol) at room temperature and under argon
atmosphere. The resulting mixture was stirred dgatrand then heated at 45 °C for 2 hours. Afteating the
mixture with saturated ammonium chloride followiagual workup the corresponding tertiary alcobéb was
obtained. Yield 725 mg, (80%)H NMR (CDCk, 400 MHz)d (ppm) 1.48 (d,J=12.1 Hz, 2H, 4eq,9eq
adamantane-H), 1.53 (br s, 1H, OH), 1.66 (br s,@Hdamantane-H), 1.71 (br s, 1H, 5,7 adamantané-#Aj
(br s, 1H, 3 adamantane-H), 1.80Jd12.1 Hz, 2H, 8eq,10eq adamantane-H), 1.91 (bds1ladamantane-H),
2.08 (d,J=12.1 Hz, 1H, 8ax,10ax adamantane-H), 2.22%d2.1 Hz, 1H, 4ax,9ax adamantane-H), 2.93 (s, 2H,
CH,AT), 3.79 (s, 3H, OCH), 6.85 (d,J = 6 Hz, 2H, phenyl-H), 7.15 (d, = 6 Hz, 2H, phenyl-H)**C NMR
(CDCls, 50 MHz)¢ (ppm) 27.4, 27.5 (5,7 adamantane-C), 33.1 (4,9nadéane-C), 34.7 (8,10 adamantane-C),
36.9 (1,3 adamantane-C), 38.5 (6 adamantane-Q, (€3LAr), 74.7 (2 adamantane-C), 126.5, 128.3, 130.7,
137.4 (Ar).
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The corresponding azidedc was prepared from alcohd#tb (720 mg, 2.64 mmol) according to the same
procedure followed for azid8c using CHCI, (30 mL)/NaN (515.5 mg, 7.93 mmol)/TFA (3.01 mg, 26.4
mmol). Yield 730mg, (93 %).

The oily aminel4dd was prepared through LIAIH358 mg, 9.43 mmol) reduction of aziddc (700 mg,
2.36mmol) in refluxing THF (20 mL) for 5Kield 307 mg, (48%)*H NMR (CDCk, 400 MHz)é (ppm)1.62
(d, J=12 Hz, 2H, 4eq,9eq adamantane-H), 1.73€d2.1 Hz, 2H, 8eq,10eq adamantane-H), 1.77 (bHs5L7
adamantane-H), 1.84 (br s, 1H, 6 adamantane-HB (b® s, 1H, 3 adamantane-H), 1.97 (br s, 1H, 1
adamantane-H), 2.09 (d]=12.1 Hz, 1H, 8ax,10ax adamantane-H), 2.24 Jd12.1 Hz, 1H, 4ax,9ax
adamantane-H), 2.93 (s, 2H, &), 3.80 (s, 3H, OCHh), 6.84 (d,J=6.2 Hz, 2H, phenyl-H), 7.15 (d76.2 Hz,
2H, phenyl-H). Fumarate: mp 205 °C (EtOH-EX Anal. (GiH3sNOs) Calcd. C, 65.94; H, 9.49; N, 3.66.
Found C, 65.05; H, 9.58; N, 3.72.
1-Adamantyl-2-propanol (AdMe,COH) 15b. Methylmagnesium iodide was prepared from magnesium
turnings (1.99 g, 83.1mmol) and methyl iodide (16, 75.6mmol) in 40 mL of dry diethyl ether. A st of
1-adamantanecarbonyl chloridéa) (2.5 g, 12.6 mmol) in 60 mL of dry diethyl ethelas added dropwise
under Ar atmosphere and stirring. The reaction un&tvas heated at gentle reflux for 4h under sgirand Ar
atmosphere. The mixture was treated with an egolaihve of saturated solution of ammonium chloriddem
ice-cooling. The organic layer was separated aedatjueous phase was extracted with diethyl ethignes.
The combined organic phases were washed with \aatébrine, dried (N&0O,) and evaporated under vacuum
to yield a white solid residue of 2-(1-adamantyipan-2-ol15b. Yield 2.09 g (85.5%); IRNujol) v(OH) 3400
(br s, OH) crit; 'H-NMR (400MHz, CDC}) & (ppm) 1.12 (s, 6H, 2xC#), 1.62-1.69 (m, 12H, 2,4,6,8,9,10
adamantane-H), 1.99 (br s, 3H, 3,5,7 adamantan&®EPNMR (50 MHz, CDC}) § (ppm) 24.34 (Ch), 28.74
(3,5,7-C, adamantane C), 36.35 (2,8,9-C, adaman@ne37.22 (4,6,10-C, adamantane C), 38.84 (1-C,
adamantane C), 74.88 (C-OH).
2-(1-adamantyl)-2-azidopropane (AdMeCN3) 15c¢ The oily 2-(1-adamantyl)-2-azidopropangc was
prepared by treatment of the tertiary alcohdbwith CH,CIl,/NaNs/TFA. To a stirring mixture of sodium azide
(503 mg, 7.74 mmol) and dry dichloromethane (15 nifjuoroacetic acid (2.94 g, 25.8mmol) was adde@®
°C. The resulting mixture was stirred for 10 mir0&C and a solution of 2-(1-adamantyl)-propan-24i (500
mg, 2.58 mmol) in 15mL of dry dichloromethane wakled dropwise under ice-cooling. The mixture was
stirred vigorously at 0-5 °C for 4 h and additio@dl h at ambient temperature. The mixture was na#iddine
by adding NH 12 % (40 mL) and the organic phase was separattavashed with 30 mL of water two times.
The aqueous phase was extracted two times witHadarhethane (30 mL) and the combined organic phases
were washed with water, brine and dried {8{&). Solvent was evaporated in vacuo to afford 2daraantyl)-
propan-2-azidd 5c. Yield: 80%:; IR Nujol) v(N3) 2098 cnit (s); *H-NMR (400MHz, CDC}) & (ppm) 1.23 (s,
6H, 2xCH), 1.60-1.71 (m, 12H, 2,4,6,8,9,10 adamantane-19)(i& s, 3H, 3,5,7 adamantane-tz-NMR (50
MHz, CDCk) & (ppm) 20.79 (ChH), 28.66 (3,5,7-C, adamantane C), 36.56 (2,8,9damantane C), 37.07
(4,6,10-C, adamantane C), 39.10 (1-C, adamantar&/&7 (C-N).
2-(1-adamantyl)-propan-2-amine (AdMeCNH;) 15d. A solution of 2-azido-2-(1-adamantyl)propaidéc
(250 mg, 1.14 mmol) in 10 mL of dry diethyl etheasvadded dropwise to a solution of lithium aluminum
hydride (173 mg, 4.56mmol) in 10 mL of dry dietl®gher under ice-cooling. The mixture was heate@faix
for 5 h under stirring. Then the mixture was hygreld with a dropwise addition of 2 mL water, 2 mL o
sodium hydroxide 10% w/v solution and 6 mL watedemnstirring and ice-cooling. The mixture was fiéd
under vacuum and the residue was washed 2 timbagiveithyl ether. Another 30 mL of diethyl ether veakled
to the ethereal filtrate and the solution was etéad with 60 mL (2x30 mL) of hydrochloric acid 6%wThe
agueous phase was separated and made alkalinghtaddition of an excess solid sodium carbonateuice-
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cooling. The aqueous phase was extracted two twmds30 mL of dichloromethane. The combined organic
extracts were dried (N8OQy) and evaporated under vacuum, to yield a lighfoyekolored solid residue of 2-
(1-adamantyl)-propan-2-amiri&d. Yield: 73%; IR (Film)v(NH,) 3373 cnt (s); *H-NMR (400 MHz, CDC}))
d (ppm) 0.99 (s, 6H, 2xCH 1.60-1.68 (m, 12H, 2,4,6,8,9,10 adamantane-199 (br s, 3H, 3,5,7 adamantane-
H); **C-NMR (50 MHz, CDC}) & (ppm) 25.30 (Ch), 28.87 (3,5,7-C, adamantane C), 36.23 (2,8,9-C,
adamantane C), 37.26 (4,6,10-C, adamantane C)2 38-C, adamantane C), 53.68 (C-N). Hydrochloride
(EtOH-Ether); Anal. (@H24CIN). Calcd. C, 61.51; H, 9.96; N, 5.12. Found C.6&; H, 10.06; N, 5.13.
3-(1-adamantyl)-pentan-3-ol (AdE;COH) 16b. A solution of 1-adamantanecarbonyl chloriéa)( (700 mg,
3.53 mmol) in 25 mL of dry diethyl ether was addedpwise under Ar atmosphere and stirring, to atsmi of
5 mL ethyl lithium (0.5 M in benzene/cyclohexan@,5. mmol). The mixture was stirred for 26 h under A
atmosphere at room temperature. The reaction neixtvas hydrolyzed with an equal volume of saturated
ammonium chloride solution under ice-cooling. Thigamic layer was separated and the aqueous phase wa
extracted with diethyl ether two times. The comdimeganic phase was washed two times with a solufo
sodium hydroxide 3% w/v, water and brine, and doedr anhydrous sodium sulfate. After evaporatibthe
solvent under vacuum, a light yellow coloured sokdidue of the alcohdl6b was obtained. Yield 357 mg
(45.5%); IR (Nujol)v(OH) 3502 crit (br s); '"H-NMR (400MHz, CDC}) ¢ (ppm) 0.93 (t,J=7.0 Hz, 6H,
2xXCHg), 1.56 (q,J=7.0 Hz, 4H, 2xCHCH,), 1.61-1.70 (m, 12H, 2,4,6,8,9,10 adamantane-H)§ Zbr s, 3H,
3,5,7 adamantane-H)*C-NMR (50 MHz, CDC}) § (ppm) 9.47 (CH), 25.93 (CHCH.), 28.90 (3,5,7
adamantane C), 36.71 (2,8,9 adamantane C), 37,80 @4adamantane C), 38.51 (1 adamantane C), 4048
OH).
3-(1-adamantyl)-pentan-3-amine (AdE{CNH;) 16d. The oily 3-(1-adamantyl)-3-azidopentari&c was
prepared by treatment of the tertiary alcoiéb with CH,Cl,/NaNs/TFA according to the same procedure
followed for 2-(1-adamantyl)-2-azido-propat&d. The reaction afforded an oily mixture of azitiéc along
with 3-(1-adamantyl)-pent-2-ene as an eliminatigrplboduct. The yield of the azide preparation was%
based on the integration 5= NMR peaks. The crude oily mixture was used witHarther purification for the
LiAIH 4 reduction step.

3-(1-Adamantyl)-3-pentanaming6d was prepared through LiAlHreduction of azidel6c in refluxing
ether for 5h according to the same procedure fatbor 2-(1-adamantyl)-propan-2-amit&d. Amine 16d
was afforded as light yellow colored oil. Yield:.296; MS 222.4'H-NMR (400 MHz, CDC}) J (ppm) 0.88 (t,
J=7.1 Hz, 6H, 2xCH), 1.08 (br s, 2H, Nbj, 1.33-1.52 (m, 2H, 2xC4€H,), 1.60-1.69 (m, 12H, 2,4,6,8,9,10
adamantane-H), 1.97 (br s, 3H, 3,5,7 adamantane=¥@:NMR (50 MHz, CDC}) § (ppm) 9.90 (CH), 26.73
(CH3CH,), 29.04 (3,5,7 adamantane C), 36.75 (2,8,9 adamant), 37.45 (4,6,10 adamantane C), 38.60 (1
adamantane C), 39.86 (CHWHFumarate (EtOH-Ether). Anal. {§H3:NQO,4). Calcd. C, 67.63; H, 9.26; N, 4.15.
Found C, 67.33; H, 9.06; N, 4.35.
1-1-adamantyl)-1-allylbut-3-enyl azide (AdAllybCOH) 17b. Allylmagnesium bromide was prepared from
magnesium turnings (1.33 g, 55.4 mmol) and allghtide (6.1 g, 50.4 mmol) in 60 mL of dry diethyhet. A
solution of 1-adamantanecarbonyl chlorid®)((2 g, 10.1 mmol) in 60 mL of dry diethyl ether svadded
dropwise to the first solution, under Ar atmospharel stirring. The reaction mixture was heated eattlg
reflux for 4h under stirring and Ar atmosphere andadditional 24 h at room temperature under sgrand Ar
atmosphere. The mixture was hydrolyzed with an kegolume of saturated solution of ammonium chloride
under ice-cooling. The organic layer was separatetithe agueous phase was extracted with diethgt évo
times. The combined organic phase was washed vatervand brine, dried (N&0O,) and evaporated under
vacuum to yield a yellow colored oil residue ofltgdamantyl)-1-allylbut-3-end7b. Yield: 1.74 g (70%); IR
(Film) v(OH) 3568 cnit* (s), v(=C-H) 3074 crit (s), 3008 crit (m), ¥(C=C) 1636 crit (s); *H-NMR (400MHz,
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CDCl) ¢ (ppm) 1.70 (m, 12H, 2,4,6,8,9,10 adamantane-Hp fbr s, 3H, 3,5,7 adamantane-H), 2.28-2.40 (m,
J=7.1 Hz, 4H, 3,5-Ch), 5.09 (t,J=7.1 Hz, 4H, 2xCht), 5.88-5.98 (mJ=7 Hz, 2H, 2xCH=);*C-NMR (50
MHz, CDCk) ¢ (ppm) 28.81 (3,5,7-C, adamantane C), 36.57 (X8,%damantane C), 37.29 (4,6,10-C,
adamantane C), 39.29 (@H40.34 (1-C, adamantane C), 76.08 (C-OH), 118-CH,), 135.82 (CH=).
4-(1-adamantyl)-hept-1,6-dien-4-azide (AdAIlYIC-N3) 17c. The 4-(1-Adamantyl)-hept-1,6-dien-4-azid&c
was prepared by treatment of the tertiary alcdhtid (500 mg, 2.03 mmolyith CH,Cl, (20 mL) / NaN (396
mg, 6.09 mmol) TFA (1.6 mL, 20.3 mmol)according to the same procedure followed for atiie Yield 265
mg, (44%);*H-NMR (400MHz, CDCH}) ¢ (ppm) 1.64-1.75 (m, 12H, 2,4,6,8,9,10 adamanta))ett82 (br s,
3H, 3,5,7 adamantane-H), 1.99-2.20 (m, 4H, 3,%CH.09 (t,J=7.1 Hz, 4H, 2xChH=), 5.90-5.98 (m, 2H,
2XCH=); 1*C-NMR (50 MHz, CDC}) J (ppm) 28.78 (3,5,7-C, adamantane-C), 36.57 (Z8,8damantane-C),
37.01 (4,6,10-C, adamantane-C), 39.28 {CH1.09 (1-C, adamantane-C), 55.14 (€;NL18.06 (=CH),
135.61 (CH=).

1-(1-Adamantyl)cyclopentanamine 19dThe corresponding cyclopentarid®lb used as a starting material was
prepared from ethyl 1-adamantanecarboxylateand 1,4-bis(bromomagnesiobutane) in dry ether aif0%
yield according to a published proced@téH NMR (CDCk, 400 MHz):8 1.30-1.40 (m, 2H, cyclopentane-H),
1.50-1.80 (m, 18H, adamantane-H, cyclopentane-i§ (br s, 3H, 3,5,7 adamantane-H), 2.16 (s, 1H);68
NMR (CDCl, 50 MHz) ¢ 24.2 (3,4 cyclopentane-C), 28.6 (3,5,7 adaman@ne&3.8 (2,5-cyclopentane-C),
37.1 (4,6,10 adamantane-C), 37.3 (2,8,9 adamar@xr9.5 (1 adamantane -C), 87.6 (1 cyclopentane-C)

To a stirred mixture of NaiN(0.270 g, 4.08mmol) and dry dichloromethane (40)rat 0 °C, TFA
(13.6mmol) was added. To the stirred mixture atsmiuof tertiary alcoholl9b (0.300 g, 1.36 mmol) in dry
dichloromethane (20 mL) was added and stirring mamtained at O °C for 4 h. The mixture was stira¢d
ambient temperature for 24 h and then was treafdd MH; 12% (30 mL) at O °C. The organic phase was
separated and the aqueous phase was extractedwithican equal volume of dichloromethane. The coradi
organic phase was washed with water and brined dNe&SQs) and evaporated to afford oily azid@g yield
0.290 g (88%): IR (Nujoly(N3) 2097 cnit; *H NMR (CDCh, 400 MHz)d 1.50-1.80 (m, 20H, adamantane-H,
cyclopentane-H), 1.99 (br s, 3H, 3,5,7 adamantapé®a NMR (CDCE, 50 MHz)s 24.2 (3,4-cyclohexane-C),
28.6 (3,5,7 adamantane-C), 30.7 (2,5 cyclohexan&r) (4,6,10 adamantane -C), 36.7 (2,8,9 adamex@d,
41.8 (1 adamantane-C), 81.2 (1 cyclopentane-C).

To a stirred suspension of LIAIH161 mg, 4.24 mmol) in dry ether (20 mL) was addidp-wise at 0 °C,

a solution of the azid&9c (260 mg, 1.06 mmol) in dry ether (10 mL). The teatmixture was refluxed for 5 h
(TLC monitoring) and then hydrolyzed with water ahhOH (15%) under ice cooling. The inorganic
precipitate was filtered off and washed with etlzerd the filtrate was extracted with HCI (6%). Tdgueous
layer was made alkaline with solid X0; and the mixture was extracted with ether. The doetb ether
extracts were washed with water and brine and dNeeSQy). After evaporation of the solvent the oily amine
19d was obtained; yield: 151 mg (65%)4 NMR (CDCk, 400 MHz)J (ppm) 1.08-1.18 (m, 4H, 3,4
cyclopentane-H), 1.50-1.80 (m, 18H, adamantaneytlppentane-H, Nk), 1.98 (br s, 3H, 3,5,7 adamantane-
H); *C NMR (CDCk, 50 MHz) 6 (ppm) 24.9 (3,4-cyclopentane-C), 28.8 (3,5,7 adaare-C), 34.4 (2,5
cyclopentane-C), 37.0 (#',10'-C), 37.4 (2,8,9 adamantane-C), 39.0 (1 adamar@iné6.8 (1 cyclopentane-
C). Fumarate: mp 255 °C (EtOH.E).

1-(1-Adamantyl)cyclohexanamine (20d)Tertiary alcohol21 was obtained from 1-adamantyl lithium (formed
by 1-bromoadamantane and lithium wire under somicatand cyclohexanone in dry THF according to a
published procedure with 70% vyiel?® To a stirred mixture of NaiN(0.170 g, 2.61mmol) and dry
dichloromethane (20 mL) at 0 °C, TFA (8.70mmol) veakled. To the stirred mixture a solution of teytia
alcohol20b (0.204 g, 0.87 mmol) in dry dichloromethane (10)mlas added and stirring was maintained at O
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°C for 4 h. The mixture was stirred at ambient temapure for 24 h and then was treated with;NE% (30

mL) at O °C. The organic phase was separated anddqbeous phase was extracted twice with an eguahe

of dichloromethane. The combined organic phase washed with water and brine, dried ¢(S&) and
evaporated to afford oily azid®0c yield 0.140 g (60%); IR (Nujoly(Ns) 2101 cnt; **C NMR (CDCk, 50
MHz) 6 (ppm) 21.9 (4 cyclohexane-C), 25.6 (3,5 cyclohex@y, 28.8 (3,5,7 adamantane-C), 30.8 (2,6
cyclohexane-C), 35.7 (4,6,10 adamantane-C), 37,2 92adamantane-C), 42.0 (1 adamantane-C), 70.1 (1-
cyclohexane-C).

To a stirred suspension of LIAIH65 mg, 1.70mmol) in dry ether (7 mL) was addedpeise at O °C, a
solution of the azid@0c (110 mg, 0.425mmol) in dry ether (5 mL). The reacimixture was refluxed for 5 h
(TLC monitoring) and then hydrolyzed with water aM&aOH (15%) under ice cooling. The inorganic
precipitate was filtered off and washed with etlad the filtrate was extracted with HCI (6%). Tdwpieous
layer was made alkaline with solid )G0; and the mixture was extracted with ether. The donetb ether
extracts were washed with water and brine and dhNegdSOy). After evaporation of the solvent the oily amine
20d was obtained; yield: 50 mg (30%JH NMR (CDCk, 400 MHz)§ (ppm) 1.35-1.42 (m, 6H, 3,4,5
cyclohexane-H), 1.48-1.55 (m, 3H, 2,8,9 adamant#nel.56-1.70 (m, 12H, 2,6 cyclohexane-H, 4,6,10
adamantane-H, Nj, 1.98 (br s, 3H, 3,5,7 adamantane-f NMR (CDCk, 50 MHz) 6 (ppm) 22.1 (4-
cyclohexane-C), 26.4 (3,5-cyclohexane-C), 29.0,5(F-C), 30.5 (2,6-cyclohexane-C), 35.7 (4,6,10
adamantane-C), 37.5 (2,8,9 adamantane-C), 38.dafhantane-C), 54.5 (1 cyclohexane-C). Fumarate2@dp
°C (EtOH-E£O); Anal. (GoH3:NO,) Calcd. C, 68.74; H, 8.94; N, 4.01. Found C, 68H39.06; N, 4.35.
2-(p-Hydroxy)benzyl-(tricyclo[3.3.1.1*|decan)-2-amine (21). 2-(p-hydroxy)benzyl-2-adamantanamirzl
was obtained after deprotection of amine 14d (180 @44 mg) using BBt -80C. Yield 90 mg (80%)*H
NMR (CDCk, 400 MHz)o (ppm) 1.48 (m, 2H, 4eq,9eq adamantane-H), 1.7Q-(n8§ 7H, 3,5,6,7,8eq,10eq
adamantane-H), 1.93-2.0 (m, 3H, 1,8ax,10ax adames#), 2.24 (d,J=12.1 Hz, 1H, 4ax,9ax adamantane-H),
2.92 (s, 2H, CHAr), 3.58 (s, 1H, OH), 6.73 (dI=6.2 Hz, 2H, phenyl-H), 7.06 (d=6.2 Hz, 2H, phenyl-H).
Fumarate (EtOH-ED). Anal. (GoH34NOs) Caled: C, 65.19; H, 9.30; N, 3.80. Found: C, 65.H, 9.58; N,
3.72.

Procedure B (standard Ritter reaction)

4-Ethyloctan-4-amine (BUEtPrCNH,) 1d. A solution of conc. HISO: (6 mL) and AcOH (6 mL) was added
dropwise to a mixture of alcohab (500 mg, 3.16 mmol), AcOH (6 mL) and KCN (258 m@&mmol) at 70
‘C and heating was maintained for 2 h. The resultiiigure was treated with water (10 mL) and NaOH610
(10 mL) and stirred for 15 min. The mixture wasragted with ether (2x15 mL), the combined orgariages
were washed with water and the solvent was evagubiatvacuo to afford the amidel acetamide. A mixture
of the amineld acetamide (430 mg, 2.32 mmol) and KOH (1.04 g6 18mol) in di(ethylene glycol) (2 mL)
was heated for 24h in a sealed tube at AB0After cooling, the tube was opened and the mixpoured into
water (50 mL). The mixture was extracted with dicttmethane (3x20 mL) and washed with HCI 6%. The
aqueous phase was made alkaline with solid sodanmooate and was extracted with diclhoromethane. Th
organic phase was washed with brine, dried,803) and evaporated in vacuo to afford the 4-ethylveta
amineld; Yield 47%. Amine3d was prepared according to the same procedureaClieaization of compound
1d is included in compounds synthesized by Procedure

5-Butylnonan-5-amine (BuCNH,) 3d. The amine3d acetamide was prepared as above for the prepaitio
tert-alkyl amineld through treatment of alcoh8b (500 mg, 2.50 mmol), with conc,BO, (6 mL) / AcOH (6
mL) / KCN (203 mg, 3.13 mmol). The amiBd was prepared through treatmenBdfacetamide (400 mg, 1.76
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mmol) with KOH (780 mg, 18.6 mmol) in di(ethylenlyepl) (2 mL) and following the same workup. Yie2@
mg (4%). Characterization of compouBd is included in compounds synthesized by ProceAure

Procedure B (modified Ritter reaction)

4-propylheptan-4-amine (PECNH») 2d. To a mixture of the alcohdb (300 mg, 1.90 mmol) and CIGEBN
(287 mg, 3.80 mmol), AcOH (0.3 mL, 5.25 mmol) wasled and the mixture was cooled to 0-3 °¢S@, (0.3
mL, 5.70 mmol) was added dropwise keeping the teatpee below 10 °C. The reaction mixture was alldwe
to reach rt, stirred for 24 h and poured into i@er (10 mL). Chloroacetami@2 was extracted with ether (3 x
10 mL). The combined extracts were washed with Nagi00% and brine, and dried (NagOSolvent was
evaporated in vacuo to afford compowiwhich was used without further purification for thext step. Yield
200 mg (45%); IR (Nujoly(C=0) 1668 crit; '"H NMR (CDChk, 400 MHz) 4§ (ppm) 0.96 (t,J=7.1 Hz, 9H,
3XCH,CH,CHs), 1.33-1.47 (m, 12H, 3xCl&H,CH3 , 3XCHCH>CHj3), 4.27 (s, COCBLI).

A solution of the amide€22 (180 mg, 0.772 mmol) and thiourea (70.6 mg, 0.92%oith in EtOH (6
mL)/AcOH (1.2 mL) was refluxed for 10 h. Then watd6 mL) was added to the reaction mixture and the
resulting precipitate was filtered off. The filteatvas made alkaline with NaOH 20%, washed withrgfhe 30
mL) and extracted with HCI 6%. The aqueous phase wade alkaline with solid sodium carbonate and was
extracted with dichloromethane or ether. The omggriase was washed with brine, dried £5@&;) and
evaporated in vacuo to afford the amieke Yield 100 mg (80 %); Characterization of compouaids included
in compounds synthesized by Procedure A.
5-Butylnonan-5-amine (ByCNH,;) 3d. Chloroacetamide 23 was prepared through treatment of
tributylsubstituted methandb (300 mg, 1.50 mmol) with NCCHEI (282 mg, 3.00 mmol), 5O, (0.3 mL,
5.70 mmol) / AcOH (0.3 mL, 5.25 mmol) accordinghe same procedure followed for the chloroacetaaite
Yield 252 mg, (61%); IR (Nujol)(C=0) 1689 crit; *H NMR (CDCk, 400 MHz)d (ppm) 0.97 (tJ=7.1 Hz,
9H, 3XxCHCH,CH,CH,), 1.29-1.35 (m, 12H, 3xCJ€H,CH,CH,, 3x CHCH,CH,CH,), 1.38-1.47 (m, 6H, 3x
CH3CH,CH,CHy), 4.27 (s, COCKLI). The amine3d was prepared as above for the preparation of lieyt-a
amine 2d through treatment o23 (200 mg, 0.725 mmol) with thiourea (66 mg, 0.871 a)mn EtOH (6
mL)/AcOH (1.2 mL) and following the same workup.e\d 19 mg (13%). Characterization of compo@ads
included in compounds synthesized by Procedure A.
2-n-Butyl-(tricyclo[3.3.1.1*"]decan)-2-amine 11d.Chloroacetamide24 was prepared through treatment of
tert-alkyl alcohol11b (300 mg, 1.44 mmol) with NCCiEI (271 mg, 2.88 mmol), $5O, (0.3 mL, 5.70 mmol) /
AcOH (0.3 mL, 5.25 mmol) according to the same pthre followed for the chloroacetamid2 Yield 209
mg, (51%); IR (Nujol)»(C=0) 1690 crit; '"H NMR (CDCk, 400 MHz) s (ppm) 0.96 (t, J=7.1 Hz, 3H,
CH3CH,CH,CH), 1.35-1.45 (m, 4H, C4€H,CH,CH,), 1.63 (d,J=12.1 Hz, 2H, 4eq,9eg-adamantane-H), 1.76-
2.02 (m, 12H, adamantane-H, €H,CH,CH,), 2.05 (d,J=12.1 Hz, 2H, 4ax,9ax adamantane-H), 4.32 (s,
COCH,CI). The aminelld was prepared as above for the preparation of bieyt-amine 2d through treatment
of 24 (200 mg, 0.704 mmol) with thiourea (67 mg, 0.880at)rm EtOH (6 mL)/AcOH (1.2 mL) and following
the same workup. Yield 57 mg (39%). Characteriratibcompound.1d is included in compounds synthesized
by Procedure A.
2-(Tricyclo[3.3.1.1* |dec-1-yl)-propan-2-amine 15d.Chloroacetamid®5 was prepared through treatment of
tert-alkyl alcohol15b (300 mg, 1.55 mmol) with NCCiEI (290 mg, 3.09 mmol), $50, (0.3 mL, 5.70 mmol) /
AcOH (0.3 mL, 5.25 mmol) according to the same pthre followed for the chloroacetami@@. Yield 42
mg, (10%); IR (Nujoly(C=0) 1673 crit; '"H NMR (CDCk, 400 MHz)d (ppm) 0.80 (s, 6H, 2xC$}, 1.58-1.70
(m, 12H, 2,4,6,8,9,10 adamantane H), 2.01 (br $,335{7 adamantane H), 4.30 (s, CQCH. The aminel5d
was prepared in traces as above for the preparatitant-alkyl amine2d through treatment &3 (40 mg, 0.150
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mmol) with thiourea (9 mg, 0.118 mmol) in EtOH (3. )#AcOH (0.6 mL) and following the same workup.
Yield traces.

4-(Tricyclo[3.3.1.2*]dec-1-yl)-heptan-4-amine 18dChloroacetamid®6 was prepared through treatment of
tert-alkyl alcohol18d (300 mg, 1.20 mmol) with NCCi€I (226 mg, 2.40 mmol), 5O (0.3 mL, 5.70 mmol) /
AcOH (0.3 mL, 5.25 mmol) according to the same pdare followed for the chloroacetamid2. Yield 144
mg, (37%); IR (Nujoly(C=0) 1690 crit; *H NMR (CDCk, 400 MHz)é (ppm) 0.92 (tJ=7.1 Hz, 6H, 2xCH),
1.35-1.43 (m, 8H, 2x C}¥H,CHs;), 1.63-1.70 (m, 12H, 2,4,6,8,9,10 adamantane H)1 Zbr s, 3H, 3,5,7
adamantane H), 4.28 (s, COgH). The aminel8d was prepared in traces as above for the preparatitert-
alkyl amine2d through treatment d26 (140 mg, 0.430 mmol) with thiourea (26 mg, 0.344 gi)nn EtOH (3
mL)/AcOH (0.6 mL) and following the same workup.

Procedure C

4-Propylheptan-4-amine (PECNH2) 2d. To a stirred mixture of 4-heptanoa (224 mg, 1.97 mmol) and
Ti(EtO)4 (900 mg, 3.93 mmol) in dry THF (4 mUgrt-butanesulfinamide (250 mg, 2.06 mmol) was added an
the resulting reactiomixture was refluxed overnightThe mixture was cooled at 0 °C and the solvent was
evaporated in vacuo. The residue was purified aghflchromatography on silica gel (40468) using 40:60
Et,O/hexane as an eluent to afford the sulfinyl kete@8. Yield 48%;'H NMR (CDCk, 400 MHz)d (ppm)
0.88-0.98 (m, 6H, (CE.CHs), 1.20 (s, 9H, C(CHs), 1.56-1.60 (sex)=7.1, 4H CHCH,CHz), 2.32-2.38 (m,
2H, CH,CH,CHs), 2.54-2.71 (m, 2H, C}CH,CHj).

Propylmagnesium bromide (2.07 mmol) (obtained f@0f0 solution w/v 1-bromopropane in dry ether and
1.3 equivalents of Mg) was cooled at -78 °C andt&@ dropwise with a solution of thert-butyl sulfinyl
ketimine28 (205 mg, 0.942 mmol) in dry ether (2 mL). The tBsg mixture was stirred for 1 h at -78°C and
then allowed to reach slowly ambient temperatui stinred for additional 15 h. The mixture was tleoled
at 0 °C, treated with sat. aq. #$©, (5 mL) and stirred for 10 min. After suction fdtion, the mixture was
extracted with ethyl acetate (2 x 15 mL) and thgaaic phase was washed with brine, dried,8T) and
evaporated in vacuo to afford crutet-butyl sulfinamide30 which was used without further purification for
the next step.

A solution of sulfinamide30 (121 mg, 0.463 mmol) in dioxane (1 mL) was cood) °C and treated
dropwise with HCI 2.5 M in ethanol (4.0 mL, 2.31 wilin The resulting solution was allowed to reactbamnt
temperature and stirred for 40 min. The solutios w@ncentrated under vacuum to a volume of 1 mL2amnd
of ether was added to afford ami®e hydrochloride as a precipitatéield 13 mg (18%); Characterization of
compoundd is included in compounds synthesized by Procedure
5-Butylnonan-5-amine (B4CNH;) 3d. Tert-butyl sulfinyl ketimine29 was prepared according to the same
procedure followed fotert-butyl sulfinyl ketimine10. Yield 77% ;*H NMR (CDCk, 400 MHz)5 (ppm) 0.89
(t, J =7, 6H, (CH)3sCHs), 1.19 (s, 9H, C(CH}3), 1.33 (sextet)=7, 4H, (CH).CH.CHs), 1.54 (q,J=7.1, 4H,
CH,CH,CH,CHs), 2.38 (t,J=7.1, 2H, CH(CH,),CHs), 2.58-2.73 (m, 2H, CHCH,),CHs); *C NMR (CDCE,

50 MHz) 6 (ppm) 13.9 (2x(CkH)3CHj3), 22.3 (C(CH)3), 23.0 (2x(CH)2,CH,CHs), 27.8 (CHCH,CH,CH3), 29.6
(CH,CH,CH,CHg), 36.4 (2xCHCH,CH,CHj3), 56.2 (C(CH)3), 189.1 (C=N).

A 0.7 M solution of sulfinyl ketimin@9 (387 mg, 1.58 mmol,) in dry toluene (2 mL) was ledoat -78C
and treated dropwise with a 2M solution of AliMa toluene (0.8 mL, 1.1 molar excess). The mixtweaes
stirred for 5 min and a solution of 1.6M n-butyhium in hexanes (2 mL, 0.4 M in toluene, 2.2 magacess)
was added dropwise at -78 °C. The resulting mixiuae stirred for additional 4 h at -78 and then allow to
reach 0 °C. The mixture was treated with sat. @S®, (5 mL) and stirred for 10 min. After suction fation,
the mixture was extracted with ethyl acetate (5xiL) and the organic phase was washed with bdrned
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(N&SOy) and evaporated in vacuo to afford crude-butyl sulfinamide31 which was used without further
purification for the next step.

A solution of sulfinamide31 (227 mg, 0.750 mmol) in dioxane (1 mL) was cootd) °C and treated
dropwise with HCI 2.5 M in ethanol (6.5 mL, 3.75 wlin The resulting solution was allowed to reactbamnt
temperature and stirred for 40 min. The solutios w@ncentrated under vacuum to a volume of 1 mL2amd.
of ether was added to afford amiBé hydrochloride as a precipitatéield 45 mg (25 %); Characterization of
compoundd is included in compounds synthesized by Procedure
Procedure D
5-Propyl-nonan-5-amine (ByPrCNH,) 6d. Kulinkovich-de Meijere reaction protocol: A solomi of
butanenitrile 34) (1.0 g, 14.5 mmol) in 40 mL anhydrous ether wddeal dropwise to 8.2 molar excess of
BuMgBr (3M in dry ether, obtained from 1-bromobwa®.9 g, 46.4 mmol) with 1.2 equivalents of Mgi(#),
55.7 mmol)). After stirring the mixture for 30 mid, equiv of Ti(iPrO) (4.1 g, 14.5 mmol) was added
successively at rt and the reaction mixture wagdlgeefluxed for 24 h. After treating the mixturdttv NaOH
10%, following usual workup the corresponding anfidenvas obtained. Yield 670 mg (25%), (Table 5, entry
1); Characterization of compousd is included in compounds synthesized by Procedure
5-Butyl-nonan-5-amine (B4CNH;) 3d. Kulinkovich-de Meijere reaction protocol: A solutio of
pentanenitrile35 (1.0 g, 12.0 mmol) in 40 mL anhydrous ether wadeaddropwise to 8.2 molar excess of
BuMgBr (3M in dry ether, obtained from 1-bromobwai.9 g, 36.0 mmol) and 1.2 equivalents of Mg (,.0
43.2 mmol)). After stirring the mixture for 30 mid, equiv of Ti(iPrO) (3.4 g, 12.0 mmol) was added
successively at rt and the reaction mixture wadlgeefluxed for 24 h. After treating the mixturetiv NaOH
10% following usual workup the corresponding an8oavas obtained. Yield 510 mg (20%), (Table 5, eny 2
characterization of compourgdl is included in compounds synthesized by Procedure
4-(Tert-butyl)-heptane-4-amine (tBuMeCNH,) (38). Kulinkovich-de Meijere reaction protocolert-alkyl
amine38 was prepared through the reaction of pivalonit{3® (500 mg, 6.02 mmol) in 30 mL of anhydrous
diethyl ether with a 3M PrMgBr in dry ether (obtaghfrom PrBr (2.20 g, 18.07 mmol) and 1.2 equivaef
Mg (520 mg, 21.7 mmol)) and Ti(iPr@§2.0 g, 7.22 mmol) according to the same procedeseribed above
for the amine8d and6d. Fumatric salt formation and recrystallization affed 340 mg of fumaric salt of amine
38. Yield 20%, (Table 5, entry 3);H NMR (CDCk, 400 MHz) 6 (ppm) 0.84-0.90 (m, 15H, (ChLCHs,
(CH,)2CHs, C(CHb)s), 1.28-1.40 (m, 8H, (CH2CHs); *C NMR (CDCk, 50 MHz) § (ppm) 15.37
(2x(CHy)2CHs3), 18.62 (2xCHCH,CHg), 26.3 (C(CH)3), 38.9 (2xCHCH,CHjg), 42.2 (C(CH)3), 57.5(CNH).
3-(1-Adamantyl)-propan-2-amine (AdMeCNH,) 15d. Kulinkovich-de Meijere reaction protocol: A solutio
of 3M MeMgBr (1 mL, 3.11 mmol) in diethyl ether wadded dropwise to 1-adamantanecarbonit8i® (500
mg, 3.11 mmol) in ether (30 mL). After stirring thaxture for 30 min, 1.2 equiv of Ti(iPr@)975 mg, 3.43
mmol) was added successively at rt. The mixture aiémved to stir at room temperature under argon
atmosphere for 1 h. Then, 4 mL of methylithium $olu (1.6 M in diethyl ether, 6.22 mmol) was added
dropwise and the reaction mixture was gently redtlifor 24 h. After treating the mixture with NaOl9%
following usual workup the corresponding amitfed was obtained. Yield 60 mg (10%), (Table 5, entry 7)
Characterization of compouridd is included in compounds synthesized by ProceAure
3-(1-Adamantyl)-propan-2-amine (AdMeCNH,) 15d. Kulinkovich-de Meijere reaction protocol: A solutio
of 3M MeMgBr (1 mL, 3.11 mmol) in diethyl ether wadded dropwise to 1-adamantanecarbonit8i® (500
mg, 3.11 mmol) in ether (30 mL). After stirring thaxture for 30 min, 1.2 equiv of Ti(iPr@)975 mg, 3.43
mmol) was added successively at rt. The mixture aiémved to stir at room temperature under argon
atmosphere for 1 h. Then, 2.1 mL of MeMgBr solut{BrM in diethyl ether, 6.22 mmol) was added drcgmwi
and the reaction mixture was gently refluxed forlR4After treating the mixture with NaOH 10% follow
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usual workup the corresponding amid®d was obtained. Yield 60 mg (10%), (Table 5, entry 9)
Characterization of compouridd is included in compounds synthesized by ProceAure
3-(1-Adamantyl)-propan-2-amine  (AdMeCNH;) 15d. Kulinkovich-Szymoniak reaction protocol:
Tetraisopropoxy titanium (975 mg, 3.43 mmol) wadettlin a solution of 1-adamantanecarboniti@é (500
mg, 3.11 mmol) in 30 mL of anhydrous diethyl etherder stirring and argon atmosphere. After 20 rhimL

of MeMgBr solution in diethyl ether (3 M, 6.22 mmaVas added dropwise and the mixture was allowesdito
at room temperature under argon atmosphere forThén, 4 mL of methylithium solution (1.6 M in dist
ether, 6.22 mmol) was added dropwise and the mraantixture was gently refluxed for 24 h. After tieg the
mixture with NaOH 10% following usual workup thermsponding amind5d was obtained. Yield 66 mg
(11%), (Table 5, entry 7); Characterization of cownpd 15d is included in compounds synthesized by
Procedure A.

3-(1-Adamantyl)-propan-2-amine (AdMeCNH,) 15d. Kulinkovich-Szymoniak reaction protocol: A solution
of 3M MeMgBr (2.1 mL, 6.22 mmol) in diethyl etherag added dropwise to 1-adamantanecarboniBifg (
(500 mg, 3.11 mmol) in ether (30 mL). After stigithe mixture for 30 min, 1.2 equiv of Ti(iPr{(075 mg,
3.43 mmol) was added successively at rt. The méxtuas allowed to stir at room temperature undeorarg
atmosphere for 1 h. Then, 1 mL of MeMgBr solutiB8r in diethyl ether, 3.11 mmol) was added dropveisd
the reaction mixture was gently refluxed for 24Alfter treating the mixture with NaOH 10% followingsual
workup the corresponding amii®&d was obtained. Yield 60 mg (10%), (Table 5, entry®)aracterization of
compoundl5dis included in compounds synthesized by Procedure

3-(1-Adamantyl)-propan-2-amine (AdMeCNH,) 15d. CeCk applied protocol: Commercial dry CeQR.37

g, 9.61 mmol) was further subjected to stirrind.40-150 °C (0.1 mm) for 3 h. Argon was added slowahd
the flask was cooled in an ice bath. Anhydrous TRBHML) was added, and the suspension was stirred 4t 25
for 2 h. Then MeLi (6 mL of a 1.6 M solution inhet, 9.61 mmol) was added keeping the temperafueé3

°C with a dry ice/acetone bath. The mixture wasesti in the dry ice/acetone bath for 30 min, and 1-
adamantanecarbonitril8) (0.500 g, 3.10 mmol) in 2 mL of THF was addedrBig at -65 °C was continued
for 5 h. Concentrated NH(10 mL) was added at less than @) and the mixture was brought to 25 °C and
filtered with the aid of Celite. The solids wereshad several times with dichloromethane, and thee@as
layer of the filtrates was extracted twice withldaromethane. The combined organic phases werd dnd
concentrated. The residue was taken up in 10 mbloéne and stirred with 10 mL of 3%PL, for 20 min.
The toluene layer was extracted with two |10 mL jwm$ of water, and the combined aqueous phases were
washed once with toluene and made basic with cBikt;. The mixture was extracted several times with
dichloromethane, and the residue was obtained woval of the solvent from the dried (P&D,) extracts;
Yield 70 mg (12%) olL5d. (Table 5, entry 10)

3-(1-Adamantyl)-pentan-3-amine (AdECNH,) 16d. Kulinkovich-de Meijere reaction protocol using 3. eq
EtMgBr. Amine 16d was prepared through the reaction of 1-adamangabewitrile 387) (500 mg, 3.11 mmol)

in 30 mL of anhydrous diethyl ether with EtMgBr 3W dry ether (obtained from EtBr (1.02 g, 9.33 mmol
and 1.2 equivalents of Mg (672 mg, 28.0 mmol) am@PTO), (970 mg, 3.42 mmol) according to the same
procedure described above for the amiB@and6d to afford 120 mg of mixture. For purification dfet crude
product 2 mL of an ethanolic solution of fumarieda66 mg, 0.569 mmol) was added to a solutiorhefdrude
amine in 2 mL ethanol. The mixture was evaporatedeu vacuum, to yield a white colored crystal resid
which was treated with diethyl ether and filteredler vacuum to afford a non-separable mixture dEt&H-
NH (40) in 3% yieldand AdEt,C-NH, 16din a 4% vyield (ratio 60:40 according ¥ NMR spectrum), (Table
5, entry 5). Characterization of compout®tl is included in compounds synthesized by ProceAure
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3-(1-Adamantyl)-pentan-3-amine (AdE;CNH,) 16d. Kulinkovich-de Meijere reaction protocol using
EtMgBr and EtLi. Aminel6d was prepared through the reaction of 1-adamaragabewgitrile 37) (500 mg,
3.11 mmol) in 30 mL of anhydrous diethyl ether witMgBr 3M in dry ether (obtained from EtBr (340 mg
3.11 mmol) and 1.2 equivalents of Mg (90 mg, 3.#8at) and Ti(iPrO) (970 mg, 3.42 mmol) according to the
same procedure described above for the amBtksand 6d. The mixture was allowed to stir at room
temperature under argon atmosphere for 1 h. Theéh,niL of ethyllithium solution (0.5 M in
cyclohexane/benzene, 6.22 mmol) or 6.22 mmol oflettagnesium bromide solution was added dropwisk an
the reaction mixture was gently refluxed for 24Alfter treating the mixture with NaOH 10% followingsual
workup the corresponding amidéd was obtained. Yield 70 mg (10%), (Table 5, entry@)aracterization of
compoundl6dis included in compounds synthesized by Procedure

3-(1-Adamantyl)-pentan-3-amine  (AdEtCNH,) 16d. Kulinkovich-Szymoniak reaction protocol:
Tetraisopropoxy titanium (975 mg, 3.43 mmol) wadettlin a solution of 1-adamantanecarboniti@é (500
mg, 3.11 mmol) in 30 mL of anhydrous diethyl ethander stirring and argon atmosphere. After 20 r8if,
mL of ethyl magnesium bromide solution in diethyher (1 M, 3.11 mmol) was added dropwise and the
mixture was allowed to stir at room temperatureasratgon atmosphere for 1 h. Then, 12 mL of ettmllim
solution (0.5 M in cyclohexane/benzene, 6.22 mma@}¥ added dropwise and the reaction mixture watygen
refluxed for 24 h. After treating the mixture witaOH 10% following usual workup to yield 300 mg af
yellow oily product, which was purified by recry#itzation; 2 mL of an ethanolic solution of fumacid (166
mg, 1.43 mmol) was added to a solution of the camee in 2 mL ethanol. The mixture was evaporateder
vacuum, to yield a white colored crystal residuachitwas treated with diethyl ether and filtered endacuum

to afford 60 mg (yield 10%) of the fumarate saltarhine 16d; Yield 65 mg (10%), (Table 5, entry 8);
Characterization of compourddd is included in compounds synthesized by Procedure
1-(1-adamantyl)cyclopentanamine 19d. Kulinkovich-de Meijere reaction protocol: A sdlm of 1-
adamantanecarbonitril87) (300 mg, 1.86 mmol) in ether (5 mL) was added diespwo a2 molar excess of
BrMg(CH,).MgBr (3M in dry ether, obtained from dibromobutanih 2.2 equivalents of Mg). After stirring
the mixture for 30 min, 1 equiv of Ti(iPr@{529 mg, 1.86 mmol) was added successively atdtthe reaction
mixture was allowed to stir at room temperatureasratgon atmosphere for 24 h. After a dropwise taadof

an equal volume of a sodium hydroxide 10% w/v sotutinder ice cooling, the mixture was stirred 30rmin
and filtered under vacuum. The filtrate was exedctvith diethyl ether (2x10mL). The combined ethére
phases were extracted with 30 mL (2x15 mL) of hgttoric acid 6% w/v. The aqueous phase was sephrate
and made alkaline through addition of an excessd soldium carbonate under ice-cooling. The aquehase
was extracted two times with 15 mL of dichlorometaThe combined organic extracts were washed &stim
with an equal volume of water and brine, dried &) and evaporated under vacuum to yield 173 mg of a
yellow oily product, which was purified by recry#itzation; 2 mL of an ethanolic solution of fumascid (94
mg, 0.829 mmol) was added to a solution of the erachine in 2 mL ethanol. The mixture was evaporated
under vacuum, to yield a white colored crystaldasi which was treated with diethyl ether and fdteunder
vacuum to afford 60 mg (yield 10%) of the fumaratdt of 3-(1-adamantyl)-pentan-3-amif@d. (Table 5,
entry 6). Characterization of compout@d is included in compounds synthesized by Procedure
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R1
R2?—CN -
R
1) Azide formation Organometallic, 1) t-Butanesulfinamide / Ti(OEt),
51¥ 2) Reduction TiOiPr, or CeCl, 2) R3MgBr or RALi
R
R! Standard Ritter NH, Modified Ritter R’
RZ?_OH R1*R3 AN
R 1) KCN / H* R? 1)NCCH,CI/H' ' g3
2) OH R™-R®: alkyl groups 2) Thiourea / H*

and adamantane series 3) OH"

Although, the synthetic procedures in the scheraé&kaown and efficient for the synthesis of amin€&HR\NH,
and RR'CHNH, they were not studied systematically for the p@myntert-alkyl amines RR'R"CNK The
reaction conditions and substrate limitations fog synthesis of primartert-alkyl amines in aliphatic series,
including adamantane adducts, were studied heram. procedure via azide formation and reductiavedthe

more general and applicable also for compoundsrzebulky adducts. The findings are important fagénic
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