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Alternative Syntheses of Bridehead Polycyclic 1,2-Diamines and 2-Aminoabhok4 
from Di- and Mono-oximes of Some Bicyclic Diketones: Highly Impmved Synthesis of 

Tricyclo[3.3: 1.03*7] nonane3,7_diamine. 

Pelayo Camps+ and Diego Mufloz-Torrero 

Abstract: Bridgehad plyylic 1.2-diamines k rrnd 46 have been obtatked from dioximes 2a and Zb. 

respectindy, by two ahmmtiw pmcdues: a) m-dlorv~ ocidoddoive Ming to 3a kmd 3 b, followed by 

rcdvaimr with aluminum amalgam. and b) reducti~ coupling with aluminum amalgam. Similarly, the r&trd 2- 

aminoalc&ols 9tt and9 b have been obtainedfrom the correspondiag monoo &KS ?a md 76. 

In connection with the prepamtion of lipophilic rigid acetylchdine-like compounds we mquired bridgehead 

polycyclic 1,2-diamines and 2-aminoalo&ds. such as 4 and 9, which otherwise are compounds of potential 

interest as ligands for organom elallic complexest aud intermediates for pharmaceuticals*. Although diamine 48 

is a known compoundl, its synthesis implies nine steps from dietbyl malonate, the last one, i.e., the Schmidt 

demon of tricyclof3.3.l.d~7]nonane+3,7-dicarboxylic acid, giving only 13.4% yield of 4a. 

Et?& we envisioued the prefxtration of 4a by reduction of the known dinitro compound Ja3 (Scheme 1). 

Reaction of a mixture of syn- and cm&dioximcs 2a with m-chloroperbenzoic acid fdlowing the method of 

F?quette for a related case” gave 3a in 59% yield. This compound was also obtained by NaBH4 reduction of 

~-3,exo-7-dibe~3,~~7~~~~10[3~. l]nonane,3 although in 11% overall yield from 28. 

The reductiou of 3a to 4a was a dificult task Catalytic hydrogenation using different catalysts (10% W 

ou &u-c& or FK@) and reaction conditions (medium pressure, neutral or acidic medium) gave compiex 

mixtums of products not containing 4a. Similarly, reductions carried out with metal hydrides such as NaBH4 I 

lo%I Pd on charcoal,7 LiAlf-Qu or nickel boride I Na.M-49 or metals in pmtic solvents such as Fe / acetic acid10 

or Sn / cont. HClrl failed, in spite of the fact that the last conditions had been successfully used to reduce 

vicinal tert-dinitro cxq~~unds. Finally. we wefe able to carry out cleanly this reduction by using afuminum 

amalgamt* in mixtures THF/ methanol / H20 under sonic&ion, isolating 4a as a white solid in 75% yield.13 

Next, in order to avoid the mdundancc of the above sequence (oxidation / reduction) we tried the direct 

conversion of 2a to 4a Reduction of 2a with aluminum amalgam in a mixture ethauol / H20 under sonication 

gave 4a in 77% yield.14 Thus, this transformation represents the simplest way to obtain 4a, clearly superior to 

the previously describedta and the twc+step one herein first tqorted 

Similarly, diamine 4b was obtained from dioxime 2b by the two above described alternative procedure : a) 

oxidative coupling with m-chIotqerhenzoic acid to 3b (6Wb yield) followed by ahuninum amalgam reduction 

(8996 yield) and b) reductive coupling with alumimun anutlgam (84% yiekf).t~ 

The application of these prccedums to the preparation of tticyclo[3.3.0.@~7Joctanc+1,5diamine or its 3,7- 

dimethylderivative failed. OxifJation of cis-t~icyclo[3.3.Ofoctane-3,7dione, dioxime (2, X = bond) and its l,S- 

dimethyfderivative led to stereoisomeric mixtures of the cxrrresponding bicyclic dinitro compounds, while 
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reduction of these dioximes with aluminum amalgam under sonication gave stemoiscnneric mixtures of the 

corresponding bicyclic diamines. These facts can he expiained on the hasis of the distance between the carbon 

atoms to he coupled in these bicycio[3.3.O]octanederivatives and the stmin of the anresponding tricyclic 

skeleton. l6 

I vii 

m,Nq$-jj) 
456’ 

6 t-W 9 OH f-W 4 NH2 

a) X = CI& b) X= o-phenylene 

i) NH20H.HC1/NaOAc&Q0, 40°C, ii) ~OH.HCl/Anh. BaC%Dioxane, A, iii) m-chloqe&enzdc acid 
/aceWritrileIN~HPO&ueao,lurea; iv) Al-Hg/MethandiTHF&O, sonic&m; v) Al-Hg/Erhanol~O, rumication; 
vi) Ethykneglycol~ol~p-TsOH, A, vii) NH20H.HCl/ Anh. BaCO$Ethand, A; viii) HzSO,/Methand, A. 

Scheme 1 

To pnrpare aminoalcolx&~ 9 by using the above mductive coupling, monowdmes of diketones 1 were 

required. Monooxime 7a was pxepared from diketoue la, in 6696 overall yield, by monoa&alization~7 with 

etbylenegfycol, followed by reaction with NH2OH.HCI and anhydrous BaCO3 in absolute ethanol to give acetal 

oxime 6a,and hydrolysis with H2SO4 in methanol. Reduction of 7a with aluminum amalgam in a mixture 

ethanol I water under sonic&ion gave amiuoalcohol9a in @I% yield Aminoalcdrol9a was also prepred, 

although in lower yield (22%). by aluminum amalgam reduction of a crude mixture obtained from the reaction of 

diketone la with one equivalent of hydroxykuninc in water. 

Although we were able to prepare acetal oxime 6b by using the same conditions used for 60, we could not 

obtain pure moncoxime 7b by hydrolysis. Reaction of diketone lb with 1 equivalent of hydroxylamine and 

anhydrous BaCO3 in dry dioxane gave a mixture of starting diketone, mon&oxime 7b and dioxime 2b. 

Reduction OF this mixture with aluminum amalgam gave a mixture of the wneqmding products of reductive 

coupling (pinxol, aminoalahd 9b and diamine 4b), from which 9b was isolated in 30% overall yieM_ 

Alternatively, reaction of diketone 1 b with excess of hydroxylamine in water gave a complex mixture of products 

containing some dioxime 2b pius other mono and di-reaction products. Oxidation of this crude mixture with m- 

chloroperhen&c acid let us isolate after column chromatography, nitroalcohol &lb in 55% overall yield and 

din&o compound 3b in 20% overall yield. Aluminum amalgam reduction of 8b in a mixture THFl methanol / 

H20 gave amincdcohd 9b in 94% yield. 

AMtough, seveml synthesis of 1,2diamines by reductive coupling of imines are known, t* to the hest of our 

knowledge, there is only one report on the reductive coupling of aromatic ketoximcs to 1,2diamines by using 

low valent titanium.t9 Mermdecular coupling of O-alkylated oximes with carhonyl compounds to O-alkyl-N- 

(2-hydroxyethyl)hydtoxyhunines has heen accomplished by elecnoreduction~ or with SmI22r. Thus, this is the 

first report of a reductive coupling of aliphatic bis-ketoximes to 1.2-diamines and of monooximes of diketones to 

2-amincdcohols and, even though, the maction works only in specially favoumd intramolecular procases, its 

synthetic utility is evident 
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General procedure for aluminum amalgam reduction of nitro-compowrds. A mixture of aluminum 
amalgam [from finely cut ahuninum foil (260 mmol) and 2% aqueous HgC12 (15 mmd)] and the 
annpoundtobe~uced(7mmd)inamix~ofTHF(lU>ml)and1046 ueousmethsnol(24lDmI)is 

Y#* irradiated in an ultrasound bath for 12 h. The mixture is filtemd, the solid is e ~cmntly washed with diethyi 
ether, the combined filtrate and washings are concentrated in vacua, diluted with water (10 ml) and exhacted 
with CH2Cl2 (S x 70 ml). After drying, the sohttion is concentrated to give the product. 
General procedure for aiundnum amaigam reduction of mono- or diaximes. A procedure and workup 
similar to that described ahovc is fdlowed. using as solvent, a mixture of ethsnol(53 ml) yitiFti(3 ml) 
per mmol of compound stirring king continued magnetically for 12 h more, after ulhasoun 
Physical and sjectmscopic data of the new compounh and 4a: 
AU new unnpounds showed cormct elemental analysis (C, H and N f 0.3%). For the lH NMR and l3C 
NMRdacaseeTaMesland2.TheassignmentoftheNMRdataofcompounds4a,Sb,6e,6b,7aand8b 
were carried out with the aid of the cormsponding homocorre lation H-H and heteroame . 
3b, 7,gDini~5,6,7,8,9,1~~~y~5,~7,lOdimethanebenvlcyclooctaK ]m.p. 3llY’~~~~$H~~]: 

IR (KBr) 1552,1348 cm-l. MS (CI, NH3) m/e(%): 309(M* + 35,68). 292(M++ 18.100). 
4a [m.p. 183-185°C (acetonitrile)]: IR(KBr) 3425.3342.3277 cm-l. 
46.5,6,7,8,9,1~~ydro-5,8;7.1o-dimethanebenzocyc1~~7,&diamine [m.p. 13P141°C (sublimed at 
13O=C/l Torr)]: IR (KBr) 332S, 326S, 3178 cm-l. 
Sb, 11 ,l l-Ethyrenedioxy-6,7,8,9-~~y~5,~~e-~-~~c1~~-7~e, [m-p. 116118°C 
(ethyl acetate)]: IR (KBr) 1681 cm-l. 

16. 

6a, 7,7-Ethylenedioxybi~clo[3.3.O]n~-3-o, oxime [m-p. l27-128oC(acetonitrile]. IR(KBr) 1613 cm-I. 
6b, 11 ,I l-Ethylenedioxy-6;7,8,~~~~~5,9-p, oxime [m-p. 176 
178oC (iqnopanol)]: IR(KBr) 3495.3457,1636 cm-l. 
7a, 7-Hydmxyiminohicycl~3.3 .O]nctnan-3-one [mp. 200-202°C(ethanol)]: IR(KBr) 3469,1687,1638 cm-l. 
gb, &Ni~5,6,7,8,9,1O-Hexahydro-5~8:7,1o-dim~~~cloocten-7-d Cm+. l%162°C(CH2C12)]: 

IR (KBr) 3369,1539, 1361 cm-l. MS(CI. NH3): m/e (%): 28O(Mc + 35, 100), 263(M+ + l&87). 
Qa, 7-Aminotricyclop.3.l.d~7]nonan-3-d [m.p. 210-211°C (CHCl3)]: IR (KBr) 3333,3274,314!3cm-l. 
9b. S-Amino5,6,7,8,9,lO-Hexahydro-5,8z7,1Odimethanehenzocyclcccten-7-ol [m.p.144-148oC (sublimed 
at 1100C10’3 Tcrr)]: IR (KBr) 3334, 3281, 3175 cm-l. GUMS (ET) m/e(%): 216(14), 215(M+, 74), 
lQS(M+-OH, l8), 17oClS), 158(44). 157(CllHgO+. 64). 156(CllHl0N+. loo), 144(22). 143(26), 
141(23), 131( 11). 130(26), 129(43), 128(42), 127(18). 117( lo), llq15). 115(55), Q6(1 l), Ql( 16). 7S( l 1), 
71(20), 6Yl l), 63(11). 58(31). 5X20),56(1 1),5l(l3). 44(11X 4X45). 4352). 
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Tablel. *3CNuR(~4~,CDc13)chemicalshif~~~oieNewcompoundsand~. 

Comp. C-l c-2 c-3 c-6 C-7 X(CH2 ar-C m-w O-CH$H2-0 
c-s c-4 C-8 

47.2 3b 43.6 29.9 
la 33.2 50.9 60.6 50.9 60.6 32.6 
4b 42.6 50.6 65.7 50.6 65.7 144.5 125.9 129.0 
5b 38.6 47.1 209.5 40.2 110.5 143.9 127.4 128.3 63.3 64.5 
6a 26.8* 35.1 157.6 40.21 107.4 31.9 63.3 64.6 

28.0* 29.6 40.7x 
6b 38.2* 38.2 159.4 39.H 110.5 143.5+ 126.9* 128.4* 63.7 64.1 

38.8* 31.1 40.1# 143.7+ 127.0* 128.4* 
7a 30.6* 46.f3# 209.6 30.2 154.9 32.2 

32.2' 47.1# 38.1 
8b 42.6 40.7 89.8 45.9 99.6 142.8 127.1 129.6 
9a 34.0 50.1* 77.9 50.7* 59.9 32.9 
9b 42.6 50.0" 82.4 50.3* 65.1 144.2 126.2 129.2 

3AutbesespecbrahavcbetntatEenat50_4MHzincDc13.~:or~valeot~~~ythelowest aumbaedi~iadicad 

Scescbanclforthen~~.Aborpti~fnrnthc-mnpamdmarLeduith*,+.+ or*canbe’ ’ gal 

Table 2. ~HNMRChemicalShiftSa)oftheNewCompoundsand4a. 

Compound H-l H-2exo H-Zendo H-hex0 H-6endoX(CHz ar-H) m/OH O-CH2CH2-0 
H-S H-4exo HAmdo H-Sexo H-Send0 

3&r=) 3.61 2.27 3.31 7.21 
dad) 2.14 1.79 1.65 1.48 1.76 
4be) 3.03 1.99 - 1.99 1.99 - 1.99 7.10 1.49 
bbf) 3.18 2.54 2.95 1.98 2.10 7.18 3.86 4.00 
6a9) 2.31 2.43 2.51 1.70 - 1.85 1.66 5.00 3.80 3.94 

2.31 2.19 3.06 
6bh) 3.23 2.56 2.91 2.02 - 2.11 7.13 -- 3.76 3.88 

3.23 2.44 3.43 2.02 - 2.11 
fai) 2.58* 2.47# 2.38 1.93 3.35 2.01 7.40 

2.64* 2.3# 2.38 2.38 2.38 
8bj) 3.40 2.13 2.39 2.06 3.35 7.17 2.51 
9ae) 2.14 1.55 - 1.90 1.55 - 1.90 1.39 2.42 
9w) 3.08 1.97 - 2.25 1.97 - 2.25 7.10 2.61 

B)Exapw~ochrwisestated,tbc~bavcbscntaLcnat500~in~3.ForequivalentHoions,mlytbelarveot 

~ieindicatsd.Seeschemelfarthenlrmbgi~.A~~fromthc-colnpamdmartoduith*or+~bc 
intada@. b) T&S spednun wan t&m at 200 bib in cDc13 + -0D). c, J(H-lH-2cxo) - 0 Hz J(H-l&Zcmdo) = 6.2 l-k 

J(?WcxoH-2endo) = 12.5 Hz. 4 J(H-2exoH-2edo) = 10.0 Hz =) This spectnrm was tacsl at 200 MHz. 0 J(H-lH&xo) = 5.5 
kfz, J(II-lH-2uxka) = 3.0 Hz J(H-2ex0, H-m) =18.5 Hz J(H-Zexo. H-0) = 1.5 Hz, J(H-5JMcxo) - 0 Hz, J(H-5,H-6a~lo) = 
6.0 Hz, J(H-6cxo,I&6mdo) = 14.0 Hz 0 ) J(H-1 H&to) = 6.5 Hz J(IL 1 Chdo) _ 0 tlz. J&?exo,IWmdo) = 17.0 I-k J(H- 
4exo,H-hdo) = 18.0 Hz, J(H-&xoH-5) = 7.5 Hz h, J(XlHG?exo) = J(IMexoH-5) = 5.0 I& J(H-lH-2unio) = J(HW-5) = 
4.0 Hz, J(H-2exoH-2edo) = 15.5 Hr. J(H-#cxo,H~) = 16.0 Hz 8 J(H_sJl-6cxo) = 5.0 Hz, J(H-SHbcndo) - 0 Hz, JW- 
6e.xoH-6mdo) = 14.5 Hz j) J(H-lH2uco) = J(H-%&X0) = 2.0 Hz, J(H-l,H2edo) = J@5,l%au+o) = 6.5 Hz. J(H2cxo,H2cdo) = 
12.5 Hz, J(H6exoH6mdo) = 12.0 Ik. 
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