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Ethyl 3-Ethenyl-~ethoxycarbonyloxy)indole-lcarboxylates (2). General Procedure.- To a solu- 
tion of 1 (10 mmol) in CH2C12 (50 mL) was added ethyl chloroformate (2.9 mL, 30 mmol). After 
cooling at 0-5” hiethylamine (5.6 mL, 40 mmo1)in CH.$l, (15 mL) was added under stirring. After 
allowed to warmed up to room temperam overnight, the reaction mixture was washed with %O (2 x 
50 mL). The organic layer was dried (Na$O,), filtered and evaporated. The products were purified 
by column chromatography on silica gel and crystallized (Table 1). 
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In connection with our studies on molecular amplifiers for contrast enhancement in 
magnetic resonance imaging (MRI),’ we required a safe, efficient synthesis of several functionalized 
polyamines including triamine 5 and diamine 7. Triamine 5 has exhibited interesting chelation proper- 
ties’ and synthetic p~tential.~ Procedures for the preparation of 5 from pentaerythritol (1) involve 
discrimination among four equivalent hydroxyl groups and introduction of the amino groups. In one 
recent synthesis: the requisite discrimination was achieved by initial formation of a bicyclic 
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orthoester derivative involving three of the four hydroxy groups. After protection of the remaining 
hydroxyl group through benzylation, the orthoester was hydrolyzed and the amino groups were intre 
duced by way of formation of triazide intermediate 3. Catalytic hydrogenation of the azido groups and 
deprotection afforded the target triamine 5. Disadvantages of this elegant method are the protection- 
deprotection sequence and the isolation of the potentially explosive triazide intermediate 3. Herein, we 
wish to report an improved synthesis of triamine 5 and similar preparation of diamine 7. 

Tribromide 2 was easily prepared by treatment of pentaerythritol (1) with HBI-.~ Direct 
amination of 2 with ammonia was complicated by the formation of an oxetane intermediate, ring 
opening of which by ammonia required harsh conditions6 We have found that substitution of all three 
bromine atoms by excess azide ion under relatively mild conditions may be accomplished. In order to 
avoid the explosion hazard of pentaerythritol-derived polyazides? the triazide intermediate 4 was 
converted into triamine 5 in solution without isolation by reaction with triphenylphosphine followed 
by in situ hydrolysis of the intermediate iminopho~phorane.~ We employed an analogous reaction 
sequence for the preparation of methyl 1,3-bis(aminomethyl)benzoate (7) from dibromo ester 6. 

HO 

HO 7 s  Br&B,3 N&N3 ;:;i - H2N&;Tl 
OH Br N3 NH2 

1 2 3 R=CHzPh 
4 R = H  

5 

CO2Me A -- NaN3 1. 2. PPh3 HzO 

Br Br H2N NH2 

A *2HCI 

3. HCI 

6 7 
The R-Br + R-NH, procedure herein reported was used for the preparation of a variety of 

polyamines on a 3-5 g scale. Overall yields were reproducible and were similar to those described 
here. The product amines were sufficiently pure for use for the next reaction. 

EXPERIMENTAL SECTION 

Melting points were obtained in a Thomas-Hoover apparatus and are uncorrected. IR spectra were 
recorded on a Nicolet Magna-IR 550 IR FT spectrometer. IH (300 MHz) and 13C (75 MHz) were 
taken on a GE QE-300 FT NMR spectrometer. 

3-Arnino-2,2-b~(aminomethyl)-l-propanol (5).- A mixture of tribromide Z5 (6.48 g, 20 mmol) and 
NaN, (15.6 g, 240 mmol) in DMF (120 mL) was stirred under N, at 100 O for 16 hrs. Then it was 
cooled to room temperature, poured into H,O (1 L) and extracted with ether (200 mL + 4 x 75 mL). 
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The extract was dried over MgSO, and concentrated to about 100 mL. Dioxane (200 mL) was added 
and the mixture was again concentrated to 100 mL. Additional dioxane (150 mL) was added with stir- 
ring followed by triphenylphosphine (26.2 g, 100 mmol) and aqueous ammonia (100 mL). The 
mixture was stirred for 20 hrs and evaporated to dryness. The residue was suspended in CHCS (400 
mL) and extracted with 2N HCl(5 x 75 mL). The extract was washed with CHCl, (4 x 20 mL, 
discarded) and concentrated to about 30 mL. Concentrated HCl(l0 mL) was added and the acidic 
mixhue was kept for 20 hrs at 4". The precipitated colorless crystals wen: collected, washed with cold 
concentrated HCl(3 mL), ethanol (3 mL), ether (5 x 20 mL) and dried in wucuo to afford 2.81 g (58%) 
of triamine trihydrochloride 5, mp. 295-297" (dec.) (from conc. HC1); lit9 298" (dec), pure by NMR8 
and reverse-phase TLC. 
Methyl 3,5-bis(Aminomethyl)benzoate Dihydrochloride (7).- A mixture of methyl 3 3 -  
bis(bromornethy1)knzoate (@lo (3.72 g, 11.6 mol )  and NaN, (3.00 g, 46 mmol) in acetone (100 
mL) and H20 (10 mL) was refluxed for 4 hrs, then cooled to room temperature and poured into 50 
(500 mL). The mixture was extracted with ether (100 + 4 x 25 mL) and the extract was dried over 
MgSO, and concentrated on a rotary evaporator in a 0.3 L flask to about 50 mL. Dry THF (200 mL) 
was added and the mixture was again concentrated to 50 mL. More THF (200 mL) was added to the 
stirred solution, followed by triphenylphosphine (8.82 g, 39 mmol) (vigorous evolution of gas 
observed). After 6 hrs stimng, H20 (6.5 mL, 40 mmoL) was added and the mixture was s t i d  for 16 
hrs. The solvent was removed on a rotary evaporator and the residue was suspended in CHCS (200 
mL) and extracted with 2N HCl(8 x 30 mL). The acidic extract was washed with CHCS (5 x 20 mL, 
discarded) and evaporated. The solid residue was dissolved in boiling methanol (50 mL). The hot 
solution was filtered and the filtrate was cooled to room temperatw. The product was precipitated by 
addition of dry ether (about 250 mL) to yield 2.58 g (67%) of diamine dihydrochloride 7,' as a white 
powder, mp. 264-266" (from methanol). 'H NMR (D20): 6 3.85 (s, 3H). 4.20 (s, 4H), 7.67 (s, lH), 
8.03 (s, 2H). I3C NMR (D20): 6 42.75, 53.32, 130.63, 131.70, 134.37, 134.50, 146.19, 168.24. IR 
(KBr): 3412,3150-2800,2680-2600,1713,1563,1527,1314,1232,1127,%9,914,776 cm-l. 
Anal. Calcd. for C,&i,,C12N202: C, 44.96; H, 6.04; N, 10.49. Found C, 44.92; H, 6.11; N, 10.34 
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Dione 1, a very useful compound in synthetic organic chemistry, was needed in our group 
for the preparation of oxotetrahydrocarbazoles by the Fischer indole synthesis. While the compound 
has been reported in the literature,' the experimental conditions are not reproducible. The problem in 
its synthesis lies in the dialkylation of diester 2.* Several methods have been attempted but the yields 
were poor (e. g .  r-BuOWDMSO, MeI) or the methods were not reproducible (e. g .  NaWDMF, MeI). 

20% HC104 0 Et reflux * @ COpEt + 

Bu4N HSO;, NaOH 
CHCI3,CH3I,A 

Et02C 
EtO2C -,:,"I. 0 0 0 

2 3 1 

Based on the monomethylation of cyclic P-oxophosphonates using phase-transfer catalysis? 
we attempted the same procedure on compound 2 for its dimethylation. The phase-transfer reagent, 
tetrabutylammoniurn hydroxide, was generated in siru from tetrabutylammonium hydrogen sulfate 
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