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Abstract We present here an improved procedure for the prepara-
tion of the promising antitubercular drug SQ109 that is currently in
phase Ib/Ill of clinical trials against Mycobacterium tuberculosis. We in-
vestigated and tested the literature synthetic procedure that enables
the development of structure-activity relationships and report the ob-
served inconsistencies as well as presenting improvements or novelties
for the more efficient preparation of SQ109. Most significantly we ap-
plied a novel reduction step of the aminoamide precursor using
Me,SiCl/LiAlH, under mild conditions. These findings are important for
research groups investigating the efficacy of this drug and analogues in
academia and industry.

Key words SQ109, tuberculosis, synthesis, reduction, trimethylsilyl
chloride, geranylamine, lithium aluminum hydride

Tuberculosis (TB) remains the most lethal disease
worldwide, caused by the bacillus of Mycobacterium tuber-
culosis (Mtb). An estimated 10 million people fall ill with TB
every year and it is a leading infectious agent for carriers of
HIV.2 Several compounds have been developed as antituber-
cular agents and N-geranyl-N'-(2-adamantyl)ethane-1,2-di-
amine (5Q109, 10)3# is a promising second-generation eth-
ylenediamine agent after the first-line-drug ethambutol
(Figure 1).> SQ109 (10) blocks an essential step of the syn-
thesis of the mycobacterial outer membrane, via direct or
indirect inhibition of MmpL3 transporter of trehalose mon-
omycolate (TMM),5-1° which is a basic component of the
mycobacterial cell envelope.®!12 SQ109 (10) is in phase
IIb/III of clinical trials showing high potency against resis-

30% overall yield from geranylamine
easy isolation

tant Mtb strains and other pathogens.'>-'> The importance
of SQ109 (10) has triggered interest into the synthesis of
analogues>%16-19 aiming at the improvement of potency and
pharmacokinetic properties.
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Figure 1 Chemical structures of ethambutol and SQ109 (10)

The reported methods for the synthesis of SQ109 (10)
couple geranylamine 4 with 2-adamantanamine (6)
through an ethylenediamine linker and include condensa-
tion of one of these amines®'%-18 with chloroacetyl chloride®
or bromoacetyl chloride,'®-'® following a condensation re-
action with the second amine, and then reduction of the
amide group of the two carbon linker with LiAIH, in reflux-
ing tetrahydrofuran (THF)'®-18 or with Red-Al in THF under
reflux'® or room temperature.® Alternatively, condensation
of 2-adamantanone with N-geranyl ethylenediamine (pre-
pared from geranyl bromide 2 and ethylenediamine) is fol-
lowed by reductive amination with NaBH, in methanol.'”18
This procedure is much more convenient and can be ap-
plied to the synthesis of SQ109 analogues having a second
substituent, such as an alkyl group, at the 2-adamantyl po-
sition.

The preparation of geranylamine 4 has been reported
using the low-cost precursor geraniol (1) and phthalimide,
which were subjected to a Mitsunobu reaction to afford N-
geranyl-phthalimide.!®2° Geraniol (1) can also be converted
quantitatively into geranyl bromide (2)'7!8 that can be re-
acted with potassium phthalimide using the Gabriel reac-
tion!7182021 or with phthalimide under microwave condi-
tions,?? affording N-geranyl phthalimide (Schemes 1 and 2).

© 2021. The Author(s). SynOpen 2021, 5, 321-326
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The N-geranyl phthalimide is then treated with an aqueous
solution of hydrazine 60% w/v to afford 4 (without chro-
matographical purification according to the literature) in
37-49%,6 69 %,2° or 62%!718 yield from geraniol (1) using
the Mitsunobu or Gabriel reaction, respectively. In the orig-
inal literature procedure we found geranylamine 4 was syn-
thesized by Gabriel reaction in 20% yield from geranyl chlo-
ride?® and 77% from geranyl bromide.!”.182021 Reduction of
1-geranylazide (5) with Lindlar catalyst has been reported
as effective for the selective reduction of the azido group to
an allylic azide.>* Additionally, the Staudinger reaction of
geraniol acetate,? using PPh; and NH; has been applied for
the preparation of 4 in 59% yield.
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Scheme 1 Reagents and conditions: (a) PBr3, dry Et,0, -5 °C, 3 h,
(quant.); (b) PhsP, DIAD, phthalimide, anhydrous THF, rt, 24 h (81%); (c)
phthalimide, K,CO5, anhydrous THF, reflux, 24 h, (88%); (d) N,H,-H,0,
EtOH, reflux, 6 h (81%).
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Scheme 2 Reagents and conditions: (a) NaN;, EtOH, reflux, 5 h (92%);
(b) PPh;, THF/H,0, rt, 12 h (34%); (c) LiAlH,, anhydrous Et,0, rt, 24 h
(24%).

We managed to synthesize and test the anti-Mtb activi-
ty of SQ109 (10) and analogues according to the first of the
above-mentioned procedures for SQ109 (10) prepara-
tion,>16-18 which also enables the preparation of analogues
substituted at the 2-adamantyl position. We report herein
our observations of inconsistencies and improvements re-
garding previously reported results.

We firstly describe our observations during preparation
of the commercially available but expensive geranylamine
4. We reacted geraniol (1) with phosphorus tribromide in
dry diethyl ether at -5 °C and obtained geranyl bromide
2 in 99.5% yield (Scheme 1), which was converted into
N-geranyl phthalimide 3 using both the Mitsunobu reac-
tion at room temperature'®2? or Gabriel reaction under
reflux.17182021 Hydrazinolysis of N-geranyl phthalimide!6-1820
under refluxing conditions afforded geranylamine 4 in 81%

yield. During workup use of aqueous hydrochloric acid
should be avoided since the double bond at 6-position of
geranylamine 4 reacts, as evidenced by the observation of a
singlet at 8 = 1.19 ppm in the 'H NMR spectrum, which is
attributed to a t-Bu group, and the disappearance of the un-
saturated CH proton resonance at ca. 4 =5 ppm leading to a
secondary amine contamination of the product.

We also tested the reaction of geranyl bromide 2 with
sodium azide in refluxing ethanol to afford geranylazide 5
in 92% yield. We then examined reduction of 1-geranylazide
(5) by Staudinger reaction,?®?” using PPh; in THF/H,0 (10:1)
and isolated geranylamine 4 in 34% yield as a solid hydro-
chloride salt (Scheme 2). We were not able to improve the
yield and did not isolate any other amine side product.
However, we observed minor peaks in the '"H NMR spec-
trum of geranylazide. It has been shown?? that geranylazide
is in equilibrium with linalyl azide in a ratio of ca. 80:20, as
is shown in the spectrum of geranylazide in the Supporting
Information. Perhaps, the equilibrium between gera-
nylazide and linalyl azide of different stability (the last hav-
ing a tertiary carbon azide bond) is the reason for the low
yield of geranylamine 4 which is formed through the corre-
sponding triphenyl(N-geranylimino)phosphorane. This may
the reason why the authors?® improved the Staudinger re-
action conditions using geranyl acetate and Ph;P/NH; to ob-
tain geranylamine 4 in 59% yield. However, we did not ap-
ply these reaction conditions since we obtained geranyl-
amine 4 in a better yield using a procedure using
Mitsunobu or Gabriel conditions as described above.

Next, we examined the reduction of 1-geranylazide (5)
with LiAlH, at room temperature and obtained geranyl-
amine 4 as the free amine in 24% yield. It should be borne in
mind that the Staudinger reaction has the disadvantage of
the need to remove the phosphine oxide side product from
the resulting reaction mixture.

We then proceeded to the connection of geranylamine 4
and commercially available 2-adamantanamine (6, alterna-
tively prepared by reduction of the oxime of 2-adamanta-
none*® with LiAlH,, see the Supporting Information)
through the two-methylene linker (Scheme 3). We treated
either 2-adamantanamine (6) or geranylamine 4 with a
mixture of 1-bromoacetylcloride and potassium carbonate
at room temperature and produced the corresponding bro-
moacetamides 7 or 11 in 83% or 91% yield, respectively
(Scheme 3). Subsequently, adding solution of 7 or 11 in dry
THF to a solution of geranylamine 4 or 2-adamantanamine
(6) and triethylamine in dry THF at room temperature fur-
nished 8 or 12, which are aminoamide precursors of SQ109
(10), in 86% or 72% yield, respectively.

We applied the literature conditions for the reduction of
aminoamide 8, which involves the reaction with LiAIH, in
refluxing dry THF under inert atmosphere for 16 h.617.19 Al-
though it was reported that this reduction yielded SQ109
(10) in 50% yield after column chromatography, our two re-
peats afforded SQ109 (10) in 8% and 14% yield after column

SynOpen 2021, 5, 321-326
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Scheme 3 Synthesis of SQ109. Reagents and conditions: (a) CICOCH,Br, K,CO; (aqueous), DCM, rt, 24 h (7: 83%, 11: 91%); (b) 4 or 6, Et;N, dry THF, rt,
48 h, (8: 86%, 12: 72 %); (c) (i) Me;SiCl, LiAlH,, dry DCM, 0-5 °C, Ar, 2.5 h; (i) NaOH 10%, 0 °C (31-38%).

chromatography. We also observed the formation of gera-
nylamine 4 and a byproduct formed due to the partial re-
duction of the geranyl chain since the double bond close to
the reaction center becomes saturated. This is evidenced
immediately by the disappearance of the corresponding un-
saturated CH proton resonance at 6 = 5.25 ppm (m) in the
'H NMR spectrum. Additionally, an aqueous hydrochloride
solution should not be used during reaction workup since,
as mentioned previously, we observed that the distant dou-
ble bond from the reaction center becomes saturated. We
also tested the reduction with LiAlH, in dry tetrahydrofuran
or diethyl ether at room temperature, but we obtained
again the same mixture of amines.

We then explored more selective reduction conditions
of the amido group and examined the use of Me;SiCl/LiAIH,?°
(see experimental section in ref. 17) This reagent can acti-
vate the amide carbonyl functionality through the forma-
tion of the trimethylsilyl enol intermediates 9 or 13
(Scheme 3); the in situ generated imine 9 or 13 being re-
duced efficiently with LiAlH, to the amino group under
mild conditions. Thus, when we treated aminoamides 8 or
12 with a mixture of LiAlH, and distilled Me;SiCl in dry di-
chloromethane (DCM) at 0-5 °C for 2.5 h under an inert at-
mosphere, we isolated SQ109 (10) in 31-38% yield after col-
umn chromatography (Scheme 3). Increasing the reaction
time or temperature to gentle reflux did not improve the
yield of SQ109 (10).

The yield for converting geraniol (1) into geranylamine
4 was 20% in ref. 17 and 37% in ref. 16 compared to 66% in
our work. The overall yield for SQ109 (10) starting from ge-
raniol (1) in ref. 17 is 5% and in ref. 16 is 16% compared to
our ca. 20% yield. The yield for SQ109 (10) synthesis in ref. 5

was reported to be 24% from geranylamine 4, or the overall
yield from geraniol (1) was ca. 5-8% (based on the yields for
converting geraniol (1) into geranylamine (4) using the
Gabriel'” or Mitsunobu reaction'® reported in ref. 17 and 16,
respectively).

The yield of a second reported procedure including the
condensation of 2-adamantanone with N-geranyl ethylene-
diamine (prepared from geranyl bromide 2 and ethylenedi-
amine), followed by reductive amination with NaBH, in
methanol,'”18 is 18% from geranyl bromide 2, and the over-
all yield from geraniol (1) is 17%. However, as mentioned,
this procedure is not general for SQ109 (10) analogues with
a second substituent at 2-adamantyl group position.

In conclusion, SQ109 (10) is currently in phase Ib/III of
clinical trials against Mycobacterium tuberculosis. Herein,
we report our investigations into the literature procedures
for the synthesis of SQ109 (10) that enables the develop-
ment of structure-activity relationships through the prepa-
ration of SQ109 (10) analogues at 2-adamantyl position.3°
We report inconsistencies and improvements for the more
efficient preparation of important intermediates such as
geranylamine 4 and the reduction of aminoamides 8 or 12
leading to SQ109 (10). Thus, while we used both 2-adaman-
tanamine (6) and geranylamine 4 as the first or second
amine shown in Scheme 3, we found that the reduction of
the amide bond in the intermediate aminoamide 8 or 12,
respectively, is problematic, yielding a mixture of amines,
due to decomposition of the substrate and partial reduction
of the geranyl chain, significantly lowering the yield of
SQ109 (10). We identified that the application of Me;SiCl/
LiAIH, under mild conditions can be used for the efficient
reduction of the aminoamide precursors 8 or 12 to SQ109

SynOpen 2021, 5, 321-326
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(10). The findings will hopefully assist in the investigation
of the efficacy of SQ109 (10) and analogues with potentially
improved pharmacokinetic properties.
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1-Amino-3,7-dimethylocta-2,6-diene (1-geranylamine, 4)
Procedure A

A solution of geranyl phthalimide (600 mg, 2.12 mmol) and
hydrazine monohydrate (0.160 mL, 3.18 mmol, 1.5 equiv) in
absolute EtOH (10 mL) was heated to reflux for 6 h. The solvent
was evaporated in vacuo, 15% aq. NaOH was added, and the
mixture extracted twice with DCM. The combined organic
phases were washed with water, dried over Na,SO,, filtered, and
concentrated in vacuo. After column chromatography 81% of
geranylamine 4 was obtained.

Procedure B

A mixture of azide 5 (240 mg, 1.34 mmol) and PPh; (386 mg,
1.47 mmol) in THF/water (10:1, 7 mL) was stirred at room tem-
perature for 12 h. The solvent was evaporated under vacuum,
and equal quantities of water (20 mL) and DCM (20 mL) were
added for extraction. The organic solution was then washed
with HCl 6% v/v, the aqueous extract was made alkaline with
solid Na,CO; and extracted with DCM. After solvent evaporation
in vacuo the crude amine product was obtained (90 mg). Anhy-
drous diethyl ether (15 mL) was added, and the organic solution
was treated with a saturated solution of ethanol with hydrogen
chloride at 0 °C to afford the hydrochloride salt as a white pre-
cipitate. After overnight cooling at 5 °C and suction filtration,
geranylamine 4 hydrochloride was obtained as a white solid (87
mg, 34% yield).

Procedure C

To a suspension of LiAlH, (152 mg, 4.0 mmol) in anhydrous
diethyl ether (8 mL), a solution of azide 5 (480 mg, 2.68 mmol)
in anhydrous diethyl ether (5 mL) was added dropwise at 0 °.
The mixture was left stirring at room temperature overnight
and was quenched with water (2 mL), 15% w/v NaOH (2 mL),
and then water (6 mL) at 0 °. The resulting inorganic precipitate
was filtered off and washed thoroughly with diethyl ether. The
filtrate was extracted twice with HCl 6 % v/v, and the aqueous
phase was made alkaline with solid Na,CO; and extracted twice
with DCM. The combined organic extracts were washed with
water and dried over solid Na,SO,. After filtration, the solvent
was evaporated in vacuo to afford geranylamine 4 as a pale-
yellow oil (98 mg, 24% yield). Hydrochloride salt: 'H NMR
(CDCl3, 400 MHz): 6 =1.60 (s, 3 H, 8-H), 1.63 (s, 3 H, 7-CH3), 1.68
(s,3 H, 3-CH3), 1.97-2.07 (m, 4 H, 4-H, 5-H), 3.30 (d, ] = 7.4 Hz, 2
H, 1-H), 5.07-5.11 (m, 1 H, 6-H), 5.26 (t, ] = 7.5 Hz, 1 H, 2-H)
ppm. 13C NMR (CDCls, 150 MHz): & = 16.5 (3-CH3), 18.0 (7-CH5),
26.0 (8-C), 26.8 (5-C), 39.7 (4-C), 39.9 (1-C), 124.4 (2-C), 125.1
(6-C), 131.9 (7-C), 137.5 (3-C) ppm.
1-Azido-3,7-dimethylocta-2,6-diene (1-geranylazide, 5)

A mixture of bromide 2 (500 mg, 2.30 mmol) and NaN; (299 mg,
4,60 mmol) in ethanol (7 mL) was heated to reflux for 5 h, the
mixture was concentrated under reduced pressure, and water
(15 mL) was added. The resulting solution was extracted with
DCM (2 x 20 mL) and the combined organic extracts were
washed with brine, dried over Na,SO,, filtered, and evaporated
in vacuo to afford a yellow oil; yield 380 mg (92%). '"H NMR
(CDCl,, 400 MHz): & = 1.61 (s, 3 H, 8-H), 1.69 (s, 3 H, 7-CH,), 1.71
(s, 3 H, 3-CH,), 2.10 (m, 4 H, 4-H, 5-H), 3.76 (t, ] = 7.4 Hz, 2 H, 1-
H), 5.09 (m, 1 H, 6-H), 533 (t,J = 7.5 Hz, 1 H, 2-H) ppm.
2-Adamantanamine (6)

A solution of 2-adamantanone (3.0 g, 20 mmol) in ethanol (35
mL) was heated at 70 °C. To this solution an aqueous solution
(20 mL) of HCI-H,NOH (2.08 g, 30.0 mmol) with solid Na,CO,
(3.82 g, 36.0 mmol) was added portion-wise at 70 °C. The
mixture was stirred at the same temperature for 10 min, and
the ethanol was evaporated under reduced pressure. The
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aqueous suspension was allowed to cool at room temperature,
and the white solid of 2-adamantanone oxime was filtered off;
yield 2.86 g (86%). 'H NMR (CDCls, 400 MHz): & = 1.81-1.99 (m,
14 H,1,3,4,5,6,7,8,9,10-adamantane H) ppm.

To a suspension of LiAlH, (1.97 g, 51.9 mmol) in anhydrous THF
(35 mL) a solution of 2-adamantanone oxime (2.86 g, 17 mmol)
in anhydrous THF (40 mL) was added dropwise at 0 °C, and the
suspension was then heated to reflux and left overnight under
stirring. The mixture was allowed to return to room tempera-
ture, then cooled at 0 °C, and then water (2 mL), NaOH 15% w/v
(2 mL), and water (6 mL) were added. The resulting inorganic
precipitate was filtered off and washed thoroughly with diethyl
ether. The filtrate was extracted twice with HCl 6 % w/v, the
aqueous phase was made alkaline with solid Na,CO; and
extracted with DCM. The combined organic extracts were
washed with water and dried over Na,SO,. After filtration, the
DCM was evaporated in vacuo to afford a pale oil of 2-adaman-
tanamine (6, 1.45 g, 56% yield). 'H NMR (CDCl;, 400 MHz): é =
1.53 (d, J = 12 Hz, 2 H, 4eq,9eq-adamantane H), 1.70-1.85 (m,
10 H, 1,3,5,7,6,8,10-adamantane H), 1.99 (d, ] = 12 Hz, 2 H,
4ax,9ax-adamantane H), 2.22 (br s, 2 H, NH,), 3.02 (s, 1 H, 2-
adamantane H) ppm. *C NMR (CDCl;, 50 MHz): § = 27.1 (7-ada-
mantane C), 28.0 (5-adamantane C), 31.1 (4,9-adamantane C),
35.1 (8,10-adamantane C), 38.0 (1,3-adamantane C), 38.3 (6-
adamantane C), 55.9 (2-adamantane C) ppm.
N-(2-Adamantanyl)-2-bromoacetamide (7)

Bromoacetyl chloride (801 mg, 5.09 mmol) in DCM (13 mL) was
added dropwise at 0 °C to a vigorously stirred suspension of 2-
adamantanamine (6, 700 mg, 4.63 mmol) in DCM (23 mL) and
K,CO; (806 mg) and water (8 mL). The mixture was stirred for
24 h, and then the aqueous phase was extracted twice with
DCM. The combined organic extracts were evaporated in vacuo,
and the crude product was dissolved in diethyl ether. The solu-
tion was washed sequentially with NaHCO; 10% w/v, water, HCI
3% v/v, water, and brine. The solvent was then evaporated
in vacuo, and the product was filtered through silica gel using
n-hexane/EtOAc (3:1) as eluent to afford a white solid (1.05g,
83% yield). "H NMR (CDCl;, 400 MHz): 8 = 1.67 (d,J = 12 Hz, 2 H,
4eq,9eq-adamantane H), 1.75-1.93 (m, 10 H, 1,3,5,7,6,8,10-
adamantane H), 2.04 (s, 2 H, 4ax,9ax-adamantane H), 3.91 (s, 2 H,
COCH,Br), 4.02-4.04 (s, ] = 8.4 Hz, 1 H, 2-adamantane H) ppm.
N-(2-Adamantanyl)-2-[(3,7-dimethylocta-2,6-dien-1-yl)-
amino]acetamide (8)

Bromoacetamide 7 (1.05 g, 3.86 mmol) in dry THF (20 mL) was
added dropwise at 0 °C to a stirred solution of geranylamine 4
(590 mg, 3.86 mmol) and triethylamine (390 mg, 3.86 mmol) in
dry THF (30 mL). The stirring continued for 48 h at room tem-
perature. Then the aqueous phase was extracted twice with
DCM, the combined organic extracts were evaporated in vacuo,
and the crude product was purified through column chroma-
tography using a) diethyl ether/n-hexane (1:1), b) CHCl;/MeOH
(9:1) as solvent systems. The acetamide 8 was obtained as a
pale-yellow oil; yield 1.14 g (86%). 'H NMR (CDCl;, 400 MHz): &
=1.59 (s, 3 H, 8-H), 1.62 (s, 3 H, 7-CH3), 1.67 (s, 3 H, 3-CH;),
1.65-1.90 (m, 14 H, 1,3,4,5,6,7,8,9,10-adamantane H), 2.02-
2.07 (m, 4 H, 4-H, 5-H), 3.17 (s, 2 H, COCH,NH), 3.31 (d,J=7.4
Hz, 2 H, 1-H), 3.18 (s, 1 H, 2-adamantane H), 4.01 (s, 1 H, NH-
adamantane), 5.05 (m, 1 H, 6-H), 5.25 (t, ] = 7.4 Hz, 1 H, 2-H),
7.04 (s, 1 H, NH-geranyl) ppm. Hydrochloride salt: '*C NMR
(CD;0D, 100 MHz): & = 17.9 (3-CH,), 18.7 (8-C), 26.7 (7-CHj),
28.0 (5-C), 29.5 (5,7-adamantane C), 33.4 (4,9-adamantane C),
34.1 (1,3-adamantane C), 39.1 (8,10-adamantane C), 39.4
(6-adamantane C), 41.7 (4-C), 55.7 (1-C), 56.2 (COCH,NH), 56.9
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(2-adamantane C), 114.1 (2-C), 125.3 (6-C), 134.1 (7-C), 151.9
(3-C), 166.0 (C=0) ppm. HRMS (ESI-TOF (+)): m/z [M + H]* calcd
for [C,,H37N,0]*: 345.2906; found: 345.2888.
2-Bromo-N-(3,7-dimethylocta-2,6-dien-1-yl)acetamide (11)
Bromoacetyl chloride (1.13 g, 7.18 mmol) in DCM (17 mL) was
added dropwise at 0 °C to a vigorously stirred solution of gera-
nylamine 4 (1 g, 6.53 mmol) in DCM (30 mL) and aqueous K,CO,
(1.14 g, 10 mL H,0). The mixture was stirred for 24 h, and then
the aqueous was extracted twice with DCM. The combined
organic extracts were concentrated in vacuo, and the crude
product was dissolved in diethyl ether. The solution was washed
with NaHCO; 10% w/v, H,0, HCl 3% v/v, H,0, and brine. The
solvent was then evaporated in vacuo, and the product was fil-
tered through silica gel using n-hexane/EtOAc (3:1) as eluent to
afford 1.64 g of bromoacetamide (11) as a yellow solid (91%
yield). 'TH NMR (CDCl;, 400 MHz): 8 = 1.60 (s, 3 H, 8-H), 1.68 (s, 6
H, 7-CH3, 3-CHj3), 2.00-2.12 (m, 4 H, 4-H, 5-H), 3.88 (s, 2 H,
COCH,Br), 5.06 (t,J=7.0 Hz, 1 H, 6-H), 5.19 (t,J=7.0 Hz, 1 H, 2-
H) ppm.
2-[(2-Adamantyl)amino]-N-(3,7-dimethylocta-2,6-dien-1-
yl)acetamide (12)

Bromoacetamide 11 (960 mg, 3.50 mmol) in dry THF (20 mL)
was added dropwise at 0 °C to a stirred solution of 2-adamanta-
namine (6)% (530 mg, 3.50 mmol) and triethylamine (354 mg,
3.50 mmol) in anhydrous THF (30 mL), and stirring was contin-
ued for 48 h at room temperature. The aqueous phase was
extracted twice with DCM, the combined organic extracts were
evaporated in vacuo, and the crude product was purified by
column chromatography, eluting with a) diethyl ether/n-hexane
(1:1), b) CHCI5/MeOH (9:1). Acetamide 12 was obtained as a
yellow oil (870 mg, 72% yield). 'H NMR (CDCls;, 400 MHz): & =
1.56-1.59 (m, 5 H, 8-H, 4eq,9eq-adamantane H), 1.67 (s, 6 H, 7-
CH,, 3-CH;), 1.67-1.71 (m, 4 H, 1,3,6-adamantane H), 1.81-1.92
(m, 6 H, 4ax,5,7,8ax,9ax,10ax-adamantane H), 1.98-2.10 (m, 4
H, 4,5-H), 2.77 (s, 1 H, 2-adamantane H), 3.27 (s, 1 H, NHCH,CO),
3.43 (s, 1 H, NHCH,CO), 3.84-3.89 (m, 2 H, 1-H), 5.07 (m, 1 H, 6-
H),5.19 (m, 1 H, 2-H) ppm. '3C NMR (CD50D, 100 MHz): § = 17.2
(3-CH3), 18.6 (8-C), 26.7 (7-CH3), 28.3 (5-C), 28.9 (5-adaman-
tane C), 29.2 (7-adamantane C), 31.6 (4,9-adamantane C), 32.1
(1,3-adamantane C), 38.7 (8,10-adamantane C), 38.8 (6-ada-
mantane C), 39.3 (4-C), 41.4 (1-C), 48.0 (NHCH,CO), 65.8 (2-
adamantane C), 121.5 (2-C), 125.8 (6-C), 133.4 (7-C), 141.9 (3-
(), 166.6 (C=0) ppm. HRMS (ESI-TOF (+)): m/z [M + H]" calcd for
[C,,H3;N,0]*: 345.2906; found: 345.2897.
N-(2-Adamantanyl)-N'-(3,7-dimethylocta-2,6-dien-1-yl)-
ethane-1,2-diamine (SQ109, 10)

Acetamide 8 (870 mg, 2.52 mmol) in dry DCM (11 mL) was
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stirred at 0-5 °C for 15 min under an argon atmosphere. Freshly
distilled trimethylsilyl chloride (328 pL, 3.02 mmol) was then
added at the same temperature, and the mixture was stirred for
another 15 min. A suspension of LiAlH, (134 mg, 3.53 mmol) in
a small quantity of anhydrous THF was added between -10 °C
and 0 °C, and the stirring was continued for 2.5 h at the same
temperature. The mixture was then treated with NaOH 10%, the
resulting inorganic precipitate was filtered off, the organic
phase was separated, and the aqueous phase was extracted
twice with DCM. The combined organic extracts were evapo-
rated in vacuo, and the crude product was dissolved in DCM and
washed with brine. After separation and evaporation of the sol-
vent, the crude product was purified by column chromatogra-
phy using either CHCl;/MeOH (9:1) or CHCl;/MeOH/NH;
(88:10:2), eluents, to afford diamine 10 as a pale-yellow oil;
yield 260 mg (31%).

Acetamide 12 (290 mg, 0.84 mmol) in dry DCM (4 mL) was
stirred at 0-5 °C for 15 min under an argon atmosphere. Freshly
distilled trimethylsilyl chloride (110 pL, 1.01 mmol) was then
added at the same temperature, and the mixture was stirred for
a further 15 min. A suspension of LiAlH, (45 mg, 1.18 mmol) in
a small quantity of THF was added at -10 °C to 0 °C, and stirring
was continued for 2.5 h at the same temperature. The mixture
was then treated with 10% aqueous NaOH, the resulting inor-
ganic precipitate was filtered off, the organic phase was sepa-
rated, and the aqueous phase was extracted twice with DCM.
The combined organic extracts were evaporated in vacuo, and
the crude product was dissolved in DCM and washed with
brine. After separation and evaporation of the solvent, the crude
product was purified by column chromatography using either
CHCl;/MeOH (9:1) or CHCl;/MeOH/NH; (88:10:2) as eluents to
afford diamine 10 as a pale-yellow oil (111 mg, 38% yield). 'H
NMR (CDCls;, 400 MHz): 6 = 1.47 (d, ] = 12 Hz, 2H, 4eq,9eq-ada-
mantane H), 1.59 (s, 3 H, 8-H), 1.64 (s, 3 H, 7-CH;), 1.67 (s, 3 H,
3-CH3), 1.70-1.85 (m, 10 H, 1,3,5,6,7,8,10-adamantane H), 1.95
(d,J = 12 Hz, 2H, 4ax,9ax-adamantane H), 1.98-2.02 (m, 2 H, 5-
H), 2.06-2.11 (m, 2 H, 4-H), 2.71 (s, 1 H, 2-H), 2.74 (s, 4 H,
NHCH,CH,NH), 3.25 (d, J = 7.0 Hz, 2 H, 1-H), 5.09 (m, 1 H, 6-H),
5.26 (m, 1 H, 2-H) ppm. '3C NMR (CDCl;, 100 MHz): & = 16.5
(CH;-3), 18.0 (8-C), 26.0 (7-CH3), 26.8 (5-C), 27.9 (5-adaman-
tane C), 28.1 (7-adamantane C), 31.7 (4,9-adamantane C), 32.5
(1,3-adamantane C), 37.9 (8,10-adamantane C), 38.3 (6-ada-
mantane C), 40.2 (4-C), 46.8 (1-C), 47.4 (NHCH,CH,NH-geranyl),
49.8 (NHCH,CH,NH-geranyl), 62.3 (2-adamantane C), 121.9 (2-
C), 123.3 (6-C), 131.9 (7-C), 137.9 (3-C) ppm. HRMS (ESI-TOF
(+)): m/z [M + H]" caled for [C,H3oN,]*: 331.3108; found:
331.3101.
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