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1. GENERAL PROCEDURE THE SYNTHESIS OF N-FORMYL -1-
AMINO 6 3,5DIMETHYLADAMANTANE ( 6)
1.1. Investigation for the effect of reaction parameters on the yield of formyl -1-amino-

3,5-dimethyladamantane )

1.1.1.Effect of reactiontemperatureon the yield of6

In a roundbottom flask, & 20-25 °C 1,3dimethyladamantane2(mL, 0.0L
mol) was slowly added to nitric acid@.6 mL, 0,25 mol) over 20 min with stirring at
this temperaturever 1 h, then formamidél1l mL,0.27 mol) was slowly added within
0.5 hfollowed by heating themixture to 75 °C for 3.5 h. After the reaction was
finished, thesolutionwas cooled to 40 °C and added to ieeold water 20 mL), the
reaction mixture was extracted with dichloromethaderL). The separated organic
layer was adjusted to pH®3with 10% NaOH solution and then washed with chilled
water, the organic layer was dried over8i@, and therthe solvent was evaporated to
dryness in vacuum to give -fdrmyl-1-aminc3,5dimethytadamantane (34 g,
77.44%) asanoil, which crystallized to awhite solid at 1015 °C, m.p. 60-64 °C. The
reaction above preparation of6 was performed the same operation 2a%.1, but
reaction temperaturés °C instead 0%60, 70, 75, 80, 85, 9%C, respectively(Table
S1)
Table S1. Effect of reactioriemperatureand reaction timen the yield of Normy}1-

aming 3,5-dimethyladamantanes)

Temperature Reaction . Compound 6 _
No. (°C) Time (h) Weight Mp Yield
(9) (°C) (%)
1 60 I 1.24 60-65 59.64
2 70 5 1.45 61-66 69.76
3 75 3.5 1.54 62-66 77.44
4 80 3.0 1.78 60-67 85.65
5 85 2.0 1.82 6365 87.58
6 90 2 1.81 60-66 87.13

Other reaction parameters 1,3-Dimethyladamantane(2) = 0.01 mol;
Reaction temperature80 °C, 70 °C, 75 °C, 80 °C, 85 °C, 90 °C; molar ratio of
(compound?: nitric acid: formamidg = (1:12.513.5)

Conclusion: The reaction temperature gives the best yiel@ wfas 85 °C for
2.5 h (the yield 87.58%No.5, Table Sl).

1.1.2. Effect of molar ratio betweemitric acid and compound 2n the yield of6
Experiment The reaction preparation 6fwas performed the same operatiorlds],
but the molar ratio betweemitric acid and compounfl was7.5.1; 9:1; 10:1; 11.51,
respectively. Table &)



Table S2. Effect of molar ratio betweemitric acid and compound on the yield of N
formyk1l-aming3,5dimethyladamantanes)

: Compound 6
No. ml_ll I(\In?g’l) Moll_lal\rlcr)ast.l%of Weight Mp Yield
' (@) (°C) (%)
1 3.2 (0.075) 7.51 1.73 60-64 83.65
2 [3.7(0.09) 9.1 1.81 62-66 87.56
3 4.2(0.10) 10:1 1.91 63-66 92.10
4 4.8 (0.113) 11.51 1.90 62-67 91.74

Other reaction parameters Reaction temperature = 8&; Reaction time =
2.5 h;

Conclusion: The result found that using molar ratiorofric acid:compound®
was10:1 got thehighest yieldof 6 was 92.10%No.3, Table S2)

1.1.3. Effect of molar ratio betweerformamide and compound 2n the yield of6

Experiment The reaction preparation 6fwas performed the same operationlds2,

but the molar ratio betweemitric acid and compouné was 20:1 and molar ratio

betweenformamideand compoun@®was 51; 7.5:1; 9:1; 10:1, respectively. Table

S3)

Table S3. Effect of molar ratio betwedormamideand compoun@ on the yield oiN-
formyl1l-aminc 3,5-dimethyladamantanes)

: : Compound 6
O e T T R
' (9) (°C) (%)
1 |2.10(0.05) 51 1.80 60-64 86.96
2 13.15(0.075) 7.51 1.95 62-66 94.20
3 |3.65(0.09) 9:1 2.02 63-66 97.58
4 14.25(0.10) 10:1 1.99 62-67 96.14

Other reaction parameters Reaction temperature = 8€; Reaction time =
2.5h;

Conclusion: The result found that using molar ratiofofmamidecompound?
was9:1 got the highest yield 97.58%(No0.3, Table S3

E ResultsThe combination of reactioparametersoundthat the ighest yieldof

N-formyl-1-amino3,5-dimetyl adamantan were followed 1,3-Dimethyl

adamantan€2) = 0.01 mol; Reaction condition: Reaction temperature 2@35
Reaction time = 2.0 hMolar ratio of fitric acid:formamide:1@limethy}

adamantane= (10:9:1); Yield = 97.58%.



1.2. Experimental section
Synthesis oN-formyl-1-amino-3,5-dimethyladamantaneq)

In a roundbottom flask, at 2@5 °C 1,3dimethyladamantane (11.13 mL, 9.86
g, 0.06 mol) was slowly added to nitric acid (25.25 mL, 0.6 mol) over 20 min with
stirring at this temperature for 1 h, then formamigd2.% mL, 0.54 mol) was added
within 0.5 h followed by heating the mixture to 85 °C for 2 h. After reaction
completion, the solution was cooled td6 °C and added to iemld water (120 mL),
the reaction mixture was extracted with dichloromethane (150 mh¢ separated
organic layer was adjusted to pFB8with 10% NaOH solution and then washed with
chilled water, the organic layer was dried ovepd@, and the solvent was evaporated
to dryness in vacuum to give-fdrmyl-1-amince3,5dimethyladamantane (1B g,
97.91%) as an oil, which crystallized into white solid at150°C, m.p. 664 °C. IR
(KBr), (cml): 34503199 (NH); 29472847 (GH); 1693,50 (C=0). MS (m/z):
208.16[M+1T. IH-NMR (500 MHz, CDC3%), U (ppm): 8.23 (d, J=12.5 Hz, 1H, NH)
7.99 (s, 1HCHO); 6.23 and 5.25 (br, s, 1H); 2:2217 (m, 1H); 1.83 (s, 1H); 1.67
1.61 (m, 2H); 1.48..40 (m, 2H); 1.371.25 (m, 4H); 1.171.12 (m, 2H); 0.89.83 (m,
6H, 2CH). *C-NMR (125 MHz, CDC3%), U (ppm): 162.3/160.3 (CHO); 53.7/52.3
(C1) 50.550,3 (2C, Gand G); 47.8 (G); 42.7/142.5 (G); 42.2 (Go); 40.4 (G); 32.5
32.4 (2C, Gand G); 30.1/30.0 (©); 29.9 (G1); 29.8 (Gy).



1.3. Analytical data (IR, MS, NMR) of N-formyl -1-amino-3,5-dimethyladamantane (6)
1.3.1. IR spectrum oN-formyl-1-amino-3,5-dimethyladamantaneq)
IR (KBr), (cm): 34503199 (NH); 29472847 (GH); 1693,50 (C=0).

5/19/2017 11:47:13 AM Department of Inorganic Chemistry, HUS-VNU @ SHIMADZU
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1.3.2. MS spectrum dN-formyl-1-amino-3,5-dimethyladamantaneq)
MS (m/z): 208.1dM+1]*
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1.3.3.*H-NMR spectrum ofN-formyl-1-amino-3,5-dimethyladamantane®)
IH-NMR (500 MHz, CDC}), ti (ppm): 8.23 (d, J=12.5 Hz, 1H, NH) 7.99 (s, 1HH@); 6.23
and5.25 (br, s, 1H); 2.22.17 (m, 1H); 1.83 (s, 1H); 1.6I.61 (m, 2H); 1.48..40 (m, 2H);
1.37-1.25 (m, 4H); 1.171.12 (m, 2H); 0.89.83 (m, 6H, 2CH).
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1.34. 13C-NMR spectrum ofN-formyl-1-amino-3,5-dimethyladamantane®)
13C-NMR (125 MHz, CDC#), U (ppm): 162.3/160.8HO); 53.7/52.3(G) 50.550.3(2C, G
andCy); 47.8 (Q); 42.7/42.5(Q); 42.2(Go); 40.4 (G); 32.532.4 (2C, G and G); 30.1/30.0
(Cs); 29.9(C11); 29.8(C12).
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2.GENERAL PROCEDURE FOR THE SYNTHESIS OF MEMANTINE
HYDROCHLORIDE (1)
2.1.Effect of reactionparameterson the synthesis ofnemantine hydrochloride (1) from
N-formyl -1-amino-3,5-dimethyladamantane(6)
2.1.1. Effect of solvent typen the yield ofmemantine hydrochloridg1)

Experiment: In a roundbottom flask, a mixturel8 mL water, 36%
hydrochloride solutions (21 mL, 0.24 mo) and Nformyl-1-amino3,5-dimetyl
adamantand6) (6.5 g, 0.03 mol) wasstirred for 10 min, and then was heated to
reflux until thereaction was finished off (the compouédas consumedThe reaction
mixture was concentrated #ohalf volume of solventinder vacuumTo thissolution
n-hexare (10 mL) was added, theeaction mixture was heated to reflux for @.5The
reaction was cooled to-E0 °C for 1 h, whereupon a white solidzas separatedrhe
solid wasfiltered and washed with cooled ethyl acetate to oldaimite solid, which
was further recrystallized frommixture of ethanol and ethyl acetate and dried under
vacuum to give memantine hydrochlorid#),(which was melted at 290 °C and
sublimaedat 300°C (Table $4)

Table S4. Effect ofsolvent typen the yield of memantine hydrochloridle(

Reaction | \emantine hydrochloride(l)
No Solventtype (ml) Temperature/ : :
' yp reaction time Weight | Mp & Sp | Yield
(°C/h) (9) (°C) (%)
1 H>O (18) 1001031 5.19 290-300 80.45
2 95% C>HsOH (18) 80-85/3 4.83 290-300 74.56
3 CHsOH (18) 70-75/2.5 4.68 290-300 72.47

Other reaction parameters 36% HCI; Molar ratio of (HCl:compoun®) = (8:1).
Conclusion: The result found that using waterasolvent got the highest yield (NQ.
Table $4)
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2.1.2. Effect of reaction timen the yield oimemantinehydrochloride(1)

Experiment The reaction preparation @fwas performed the same operation as

2.1.1,but reactiontemperature 75, 80, 90, 1&nd reactiortime was2.5, 2, 1.5,1 h,

respectively. Table S5

Table S5. Effect ofreaction timeon the yield omemantine hydrochloridel)

Reaction L Memantine hydrochloride(l)
No time Reaction time _ _
' oC (h) Weight Mp & Sp Yield
() @ (C) (%)
1 75 2.5 5.10 290-300 78.81
2 80 2.0 5.13 290-300 79.15
3 90 1.5 5.16 290-300 79.93
4 100 1.0 5.22 290301 80.58

Other reaction parametersSolvent = waterMolar ratio of (HCl:compound®) =

(8:1).

Conclusion: The reaction temperature gives the best yieltl whs100°C for 1 h
(No4, Table ).

2.1.3. Effect of molar ratio between HCIl and compoufan the yield ofmemantine
hydrochloride(1)

Experiment The reaction preparation @fwas performed the same operation as

2.1.2, but molar ratio between HCI| and compou@dvas 6:1, 72:1, 84:1, 96:1,
10.8:1, respectively. Table S6)
Table S6. Effect of molar ratio between HCI| and compou6adn the yield of

memantine hydrochloridel)

" HCl 36% Molar ratio of Mem(?mtme hydrochloride(1) |
' ml (mol) HCI:6 Weight Mp & Sp Yield
(@) (°C) (%0)
1 15(0.180 6.0:1 5.22 290-300 80.45
2 18(0.216) 7.2.1 5.37 290-300 82.98
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3 21(0.252) 8.4:1 5.43 290-300 83.57
4 | 24(0.289 9.6:1 5.34 290-300 82.52
5 | 27(0.324) 10.8:1 5.16 290-300 79.74

Other reaction parametersSolvent = waterMolar ratio

(6:1, 72:1, 84:1, 96:1 and10.8:1).
Conclusion: The molar ratio between HCI and compouhdives the best yield df
was8.4:1 (see No.4 iTable ).

2.1.4. Effect of solventolumeon the yield ofmemantinehydrochloride(l)

of HCl:compound6) =

Experiment The reaction preparation @fwas performed the same operatior2ds3,
but solvem (water)volume was, 9, 12, 15, 18, 21, 24L, respectively. Table S7)

Table S7. Effect of solvent volumen the yield ofnemantine hydrochloride)

Memantine hydrochloride(l)

No Water HCI : _
" | volume (ml) | concentration N| Weight | Mp & Sp Yield
(9) (°C) (%)

1 6 10.50 5.22 290300 80.25
2 9 9.33 5.30 290-300 81.86
3 12 8.40 5.37 290300 82.98
4 15 7.64 543 290-300 83.87
5 18 6.46 5.49 290300 84.85
6 21 6.0 5.47 290-300 84.46
7 24 55 5.36 290300 82.75

Other reaction parameters Solvent = water. Reaction time = IMolar ratio of
(HCI : compoundb) = (8.4:1).
Conclusion: The solvent (water) volume gives the best yieldlofvas 18 ml
(No5, Table S7)
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E ResultsThe optimal parameters of reaction for thghest yieldof memantine
hydrochloride were followedCompound6 (0.03 mol);36% HCI (25 ml, 0.238
mol); Molar ratio of (HCl:compoun®) = (8.4:1); water (8 mL); Temperature =
100-104°C; Reaction time = .0h.
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2.2. Experimental section

In a roundbottom flask, a mixture of water (36 mL), solution of 36%
hydrochloride (45 mL, 0.51 mol) andl-formyl-1-aminc3,5-dimethyladamantane
(12.44 g, 0.06 molwere stirred for 10 min, followed by heating to reflux for 1 h. The
reaction mixture was concentrated to half volume of the solvent under vacuum. To this
solution, nhexane (20 mL) was added, treaction mixture was heated to reflux for
0.5 h. The reaction was cooled tel8 °C for | h, whereupon a white solid was
separated. The solid was filtered and washed with cooled ethyl acetate to obtain a
white solid, which was further recrystallized froan mixture of ethanol and ethyl
acetate (5:4, v/v) and dried under vacuum to give memantine hydrochlbyid€ (97
g, 84.74%), which was melted at 290 and sublimated at 300 °C (literattiren.p.
290-295°C). IR (KBr), (cm?): 3441 (NH); 2943, 2901 (CH 1364 (GN); MS, m/z:
180.17 [MHC1+1]". *H-NMR (500 MHz, CDC4), U (ppm): 8.34 (s, 3H, NHHCI);

2.20 (m, 1H); 1.89 (s, 2H); 1.74 (d, J=11.5, 2H); 1.68 (d, J=11.5, 2H); 1.42 (d, J=12.5,
2H); 1.31 (d, J=12.5 2H); 1.22 (d, J=12.5Hz, IH); 1.16 (d, J=12.8H)z 0.86 (s, 6H,
2CHs. 13C-NMR (125 MHz, CDC3%), U (ppm): 54.4 (@); 49.8 (2C, Gand G); 46.4

(Ca); 41.8 (2C, G and Go); 39.2 (G); 32.6 (G and G); 29.8 (G); 29.6 (2C, @ and

Cr).
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2.3. Analytical data (IR, MS, NMR) of Memantine Hydrochloride
2.3.1. IR spectrum of Memaine Hydrochloride
IR (KBr), (cm?): 3406 (N-H); 2988, 2901 (CH); 1361 (aN);

TI72017 11:53:06 AM Deparment of Inorganic Chemistry, HUS-WNU EHsHiMmaDzu
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Figure Sb. IR spectrum of Memaine Hydrochloride
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2.3.2. MSspectrum ofMemantine Hydrochloride
MS, m/z: 180.17 [MHCI+1]"
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Figure S6. MS spectrum of Mematine Hydrochloride
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2.3.3.'H-NMR spectrum ofMemantine Hydrochloride

IH-NMR (500 MHz, CDC4), U (ppm): 8.34 (s, 3H, NHHCI); 2.20 (m, 1H, GH);

1.89(s, 2H); 1.74 (d, J=11.5, 2H); 1.68 (d, J=11.5, 2H); 1.42 (d, J=12.5, 2H); 1.31 (d, J=12.5
2H); 1.22 (d, J=12.5Hz, 1H,); 1.16 (d, J=12.5Hz, 1H); 0.86 (s, 6HzRCH

MMTH-CDC13-1H

/i
i
AN
. :
11 10 9 8 7 6 5 4 3 1 0 ppm
LU L L
i RS
=@ FEEERREEE .
MMTH-CDC13-1H o)
i i
% (RYIRARY, |
|
_1 i i
| |
\
] |
A i ‘ I
AN UMY R I
24 23 22 21 20 19 18 1.7 16 15 14 13 1.2 11 1.0 09 0.8 07 086 ppm
= |2 (|2 1= “:; ' 'g"|34 o
= |eil ni‘ |f Ieil ed =l = =

Figure S7. *H-NMR spectrum oMemantine Hydrochloride
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2.3.4.5°3C-NMR spectrum ofMemantine Hydrochloride
13C-NMR (125 MHz, CDC¥), U (ppm): 54.4 (G); 49.8 (2C, Gand G); 46.4 (G);
41.8 (2C, Gand Go); 39.2 (G); 32.6 (G and G); 29.8 (G); 29.6 (2C, Giand G2).

Figure S8. 2*C-NMR spectrum oMemantine Hydrochloride
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