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SUMMARY 

A series of puascine dihydrochlorides specifically labelled at the 2 and 3 positions have been 

prepared by hydrogenation of olefinic and acetylenic pncursors with deuterium of tritium gas. The 

olefinic precursor was synthesized by a modification of the Dekpine reaction. and the acetylenic 

compound in a new, high-yielding (85%). chemoselective manner. Hydrogenation of the 

dihydrochloride salts of the pxecursors was conducted under an atmosphere of Tz or D, gas, in tbe 

presence of Pd-C catalyst, with DMSO as solvent. Features of this experimental design were that 

labelling was the final synthetic step, and that removal of the solvent after hydrogenation yielded a 

pun, crystalline product 'H, 2H and 3H NMR spectra of the products were rtcorded immediately 

after their labelling, and the level of incorporation and positions of the stable and radioactive 

hydrogens were &tumid. 
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Introduction 

Puascim dihydrochloride of high specific activity, tritiatcd specifically at the 2 and 3 positions was 

required for biological studies. Putmche, a mcmkr of a group of important polyamines which arc 

widely distributed among living forms, is formed by decarboxylation of the amino acid &thine as a 

result of bacterial fermentation of proteins. It is an essential growth factor for a number of 

microorganisms (e.8. H. purWuenzue and A. nidulans) and stabilizes membranous structures. It is 
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also a fofick S thda thg  factor EleaSor in a. and an eSscntial intermediate in the biOSpthe& Of 

spermidine and spcrrnine. These materials are present in significant  mounts in ribosomes and appear 

to be important to their saucture and function.' 

Putrescine has previously been labelled with tritium at different positions, by a number of methods, 

for use in radioimmunoassay and autoradiographic studies in biological  system^.^^*^ Labelling 

procedures have included tritiation of succinoninile in ethanolic HC1:I thermal decarboxylation of 

ornithine (-COOT)$ and hydrogenation of 1.2-dicyanocthcne and 1,4-diamino-2-butene with HT 

using PtO, and Pd-C as catalysts?*8 Pumscine labelled with deut&um and tritium at the 2 and 3 

positions has recently been used as a probe for the biosynthesis of the pyrrolizidine alkaloid. 

retrorsine, and the stereochemistry of a number of intermediate enzymatic processes has been 

e~tablished8>~ 

AU of the tririation procedures to date have employed protic solvents, usually water. This has the 

major disadvantage that the solvent contains readily exchangeable protons which dilute the tritium 

pool with hydrogen, thereby reducing the maximum attainable specific a~tivity.~.~ Indeed. the 

published procedures have yielded putrcscine with low to moderate activity, the levels obtained 

varying with the type and volume of solvent used. An additional problem is that the catalysts used in 

most procedures are capable of inducing exchange between HTO and the substrate, so that tritium is 

incoprated in unwanted and unsuspected positions. In summary, tritium labelling of this 

compound has not bcen investigated in an aprotic solvent, and there is little proof of the specificity of 

labelling procedures published to date. 

The most cxpedtent way to obtain specifically tritium labelled putrescine at high specific activity 

appeared to be to prepare the olefinic and acetylenic precursors, and tritiate them with Tz in an aplrotic 

solvent, in the presence of a heterogeneous catalyst. The precursors were to be converted to their 

dhydrochloride salts before tritium labelling, so that the final product could be isolated as the 

crystalline, tritium labelled putrcscine dihydmhloride. A major advantage of this method would be 

that chemical manipulation of the radiolabelled product is minimized. Hence, the primary aims of this 

investigation were to synthesisc the unsaturated prtcursor~ with high chemical yield, to effect their 

isotopic labelling with tritium gas in an aprotic solvent, and t h a b y  to obtain high specific activity 

putnscine dihydrochloride uniquely labelled at the 2 and 3 positions. The specificity of the l a b e k g  

was then to be confirmed by 3H NMR. 

Resuits and D d o o  

Dimethyl sulfoxide was the solvent of choice for labelling for the following reasons. Firstly, the 
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dihydrochloride salts of the unsaturated precursors and putnscine were soluble in DMSO or water, 

but in no other common solvents. Since the hydrogens of water are readily exchangeable under the 

hydrogenation conditions used, and DMSO is only slowly labelled,*o DMSO was the obvious 

choice. We may note here that the use of DMSO as a solvent in heterogeneous hydrogenation 

reactions is ran. 

There are a number of procedurts in the literature for the preparation of the precursors, 

1,4-diamin0-2-b~tene*~-~* and 1.4-diamin0-2-butym,'~~ their froe bases and/or dihydrochlariae 

salts. All of these methods have their own disadvantages, including low chemical yields, lengthy 

synthetic steps, or tedious and difficult purifications. In particular, in the preparation of 

l,ddiazid0-2-butenc by the rtactiOn ofazitk ion with 1,4-dibm~2-butene, 3,4-diaddo-l-butcnc is 

also produd. In fact, these allylic azidcs arc formed in equlibrium mixture by rcsrrangement, and 

chromatographic separation of one of the isomers leads to rapid qulibration to the isomeric 

mixture.l8 conseq~ently, we prep& 1 . ~ i a ~ n i n e 2 - b ~ m e  (scheme r) by a modification of the 

Scheme I 
Br-CH, -CH=CH-CH ,-Br 1 

(CHJ~ N4 -CH, -CH=CH-CH ,N JCH 2)6 2 Br 

HCVEtOH 

H2N-CHP-CH4H-CH2NH2 

+ 
L HCVEt ,O 

+ - 
H, N-CH, -CH=CH-CH 2NH 3 2 CI 

2 

3 

4 

D,/Pd-C( 10%) + + - 
HSN-CH2-CHD-CHD-CH 2-NH 3 2 CI 5 

DMSO t- HT (5%) 

Pd-C (1 0%) + 
;(,N-CH,-CHT-CH,-CH,-NH, 2 61 6 
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Delcpine reaction for primary arnines, based upon quatanisatiOa of hexamethylenetetramiae with the 

desired alkenyl dihalide (1). Subsequent decomposition of the hexamine salt (2) with ethanolic 

hydrochloric acid gave the diamine (3). in high yield. 0 t h ~ ~  fragments of the kxamdrylemheaaminc 

ring form BmmOnia and diethy1 f0rmaI.B  he diamine was then converted to the dihydro~hloride salt 

(4) by addition to a solution of ethereal HCI. Catalytic deuteriation @3 and tritiation (5% T2 in Q) 

over 10% Pd-C, with purif~ed, dry DMSO as the solvent, gave [2,3-2%] (5) and [2-3EI] putres~he 

dihydrochloride (6). The integrity of the products was confirmed by mass spactrome~ and 2H 
NMR for 5. and 3H NMR for 6. 

Scheme I1 
HO-CH ,-C-C-CH ,-OH 

I 
I 

PBr3 /Pyridine 

Br-CH, -C-C-CH,-Br 

NaN, /EK)H 

N3 -CH,-C-C-CH,-N, 

I Ph P/THF 

Ph3P=;N-CH2-C-C-CH ,-N=PPh 3 

7 

8 

9 -1 Ph3P I THF 

1 + + 
H3N-CH Z-CW-CH 2-NH 3 2 CI 

10 

11 

In wntrast to 1,4diazid0-2-butcne, 1,4-dhzid0-2-butym is a stable product. Therefore, we chose to 

synthesise the 1.4-diamino-2-butyne as shown in Schcme XI. 1.4-Dihydroxy-2-butyne (7) was 

dibrominatcd in the presence of PBr3 and pyridine, and the dibromo product (8) was convcRcd to 
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B 
B. 46 MHz 2H NMR spccuum of [2,2',3,3'-2H41 

P U W S C ~ C  dihydrochlddc h H2O. 200 

were aquircd, and the data w a e  treated with 

a Lorentzian- Gaussian window function (LB 

-5, GB 0.05). 

C. 320 M H z  3H NMR spectrum of [2,2',3,3'-3H4] 

putrcscinc dihydmchloride in D20. 140 scans 

were taken with broadband proton decoupling. 

and the data were treated with a Lorentzian- 

Gaussian window function (LB -2, GB 0.05). 

C 

r . . . . , . . . . , . . . . , .  . . . , . . . . , . . . . , . . . .  
6 5 4 3 2 I 

PPm 

Figure 1: NMR spectra of labelled puasCine dihydrochlonde products. Spectra were obtained 

at 24oc. with the samples spinning. 
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1.4-diazido-2-butyne (9) by the action of This product was then chemoselectively reduced 

by triphenylphosphine in "TE2'S to afford the fret diamine (10) in one step with 86% yield. 

1,4-Diamino-2-butyne was converted to the dihydrochloride salt (11) as described above, and was 

used as the precursor for several hydrogenation mtions.  

Deuteriation of 1.4-diamino-2-butyne.2HCl with D2 and Pd-C (10%) in DMSO gave [2,2.3,3,-2q 

putnscim.2HCl(12, Scheme m). The proton NMR spcctnun of the pmduct (Figure 1A) showed 

hydrogen in the 2 and 3 positions to the extent of cu. 24% of the added hydrogen (i.e. deuterium plus 

hydrogen). This observation was supported by the mass spectrum of the sample, which contained 

peaks for all the multi-dcuteriated species, D4-D1. with D3 the most abundant. The 2H NMR 

spectrum (Figure 1B) has a n ~ ~ n a n c e  at 1.6 ppm. but no peak at 2.9 ppm. showing that all  the 

deuterium was added to the 2.3 positions (i.e. then was very little exchange into the 1 and 4 

positions). 

Scheme I11 
+ + - 
H3 N-CH Z-Cm-CH 2-NH 3 2 CI 11 

&/Pd-C( 1 0%) 

+ 

DMSO 

+ 
H3 N-CH ,-CD,-CD ,-CH ,-NH 2 CI 

12 

T,/Pd-C( 1 0%) 

+ + 
H, N-CH *-CT2 -CT,-CH ,-NH 2 CI 

13 

Tritiation of the acetylenic precursor under the same conditions afforded [2.2,3,3-3H4] 

putrescine.2HC1(13) with a specific activity of 3480 GBq .qmol-' (94.1 Ci mmol-'). Radio-HPLC 

analyses of this 3H-labeled butane as its NJV'-dibcnzamide daivativSo showed a radiochemical 

purity of better than 98%. At the same time the purity of the cold butene and butyne p~ecutsors as 
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their NN-dibenzamide daivatives was dd, and comparison with the hot chromatogram 

(above) showed that none of the Unreduced intermcdiatts rtrrmined after the tritiafim TtBctioll. For 

this sample the 'H NMR s h o d  a peak at 1.6ppnwith an intensity ofcu. 25% relative to the other 

broad singlet (2.95 ppm, 1M), which mafirms the dilution of isotopic source by other factors, as 

obwed  in the deuterium experimnt. Tbe 3H NMR specaum (Figure 1C) showed a multiplet 

centnd at 1.61 ppm. which arises from the mnge of muhi-aitiated species predicted by the analogous 

deuterium experiment. Less than 0.5% of the tritium was in the 1 and 4 positions of the product, 

demonstrating the specificity of the labelling procedure. It is also clear that the problem of isotopic 

dilUtiOn of the @itillUl pool h not m y  d V e d  d@y by C@O@g M aprodC sohreat The Same 

tritiation experimnt on a sample of the butyne which had bum dissolved and freezc-dn 'ed h DzO 

gave the same sptcific activity, and the same proportion of hydrogen in the 2.3 positions as 

compound 13. Tbenfore. it seems unlikely that the labile amino hydrogens of this compound 

contributed a significant dilution factor in the experimnt. Although the catalyst was extensively 

cv~bef~hydrogenat ionreact iona,hydrogeaamtri~~hthecata lysts t i l l seemrrb~have  

been the major sowe of dilution, and this is the subject far funha investigation. 

Preparation of the acetylenic compound suggested thc possibility of synthesizing the isomric trans 

1.4-diamint~2-buten~ and cis 1.4diamine2-but~ne.~~ with hydrogenation leading to the mcso 

and dl stcnoisomrs, respaxively, of puascine dihydmchIoridc (Scheme IV). The Evst synthesis of 

cis 1,4-diamine2-butene.WCI (14 a), using the Lindlar catalyst, gave both the desired product 

(75%) and the fully hydrogenated compound. An alternative synthesis (14 b) using zinc-coppa 

couple in boiling MeOH31 gave the cis compound in 91% yield. The trans isomer (15) was 

~ y n k b d  by LiAlHd reduction Of 1,- 2-butync (9) and convasion to the dihydrochlde 

salt. Tritiation of C ~ S  l,ddiamin~2-but~n~.WCl uada vw similar conditions to the acetylenic 

precursor gave [2.3-3q puascine.2HQ as the mcso acmiwmm (16) with a specific activity of 

cu. 1200 GBq mmorl(32.4 Ci mmorl. Scheme V). The same rcBction with the pans isomer 

afforded [2,3-3Hz] puascine.2HCl as the mixture of enantiomen (17) with a specific activity of 

1700 GBq mmol-l(46 Ci mmor'). The dif!faencc in specific activitia for these two products is 

significant, and it suggests that the stereochumistry of the precunors playa a role in the activity 

obtained (i.c. thc isotopic dilution) for each compound. 

In many cases the chirality of a carbon means that chemical shifts for tritons on the adjacent carbon 

arc distinct, but in this case analysis of the 3H NMR spectra of the products (16 and 17) was 

incoaclusive due to the chemical shift &-- of the 2 aad 3 positions. and because less than 

100% T was added acnm the double bonds. 
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Scheme IV 

A. Cis Isomer 
+ + - 
H, N-CH,-C=C-CH,-NH 2CI 11 

Lindlar Catalyst. 
EtOH 

Zn-C u/MeOH 

(75%) 1 (91%) 

14 
2 Cl 

\ /H 

H,N-H,C ’ \CH,-NH, 

H 

+ c=c + 

B. Trans Isomer 

J 1. LAIH,/Et,O 

2. Ethereal HCI 

+ 

9 

\ /H  15 
/ \  

H,N-H,C 

H 
c=c 

2 Cl 
+ 

CHZ-NH, 
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Scheme V 

2 Cl 
\ /H 

H,N-H + 2C / \  

H 

+ c=c 
CH2-NH, 

TZ/Pd-C( 1 O%)/DMSO 

2 Cl 16 

\ 
+ 

Meso Isomer H, N-H2C 

T + H,N-H2C ' 

+ 

\ / H  2 Cl 
H,N-H 2C 

+ c=c 
CHZ-NH, / \  

H 

T2 /Pd-C( \ 09 

14 

15 

)/DMSO 

+ 17 H L 
+ 

+ + + 

2 Cl Mix- of Enantiomx's 2 Cl 
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coacluslons 

We report new and high yielding syntheses for two important precursors for the labelling of 

putrescine dihydrochloridc. The labelling procedures developed in this work afford tritiated or 

deutuiatcd products in the last step of synthesis, which facilitates the labelling and case of handling 

o f t h e s e h i g h l y a c t i v e a n n ~ .  

Dimethyl sulfoxide was effective as the solvent for the hydrogenation experiments with deuterium 

and tritium since it is aprotic, polar, and only slightly labelled under the reaction conditions. 

Freeze-drying of the solvent furnished a pun crystalline product at the end of each experiment. In 

short, DMSO was found to be an excellent medium for the hydrogenation of these dihydrochloride 

salts. 

By the application of proton, deuterium and tritium NMR spectroscopy, the orientation of isotope 

incorporation was readily monitored in the reaction products, and dilution of isotopic source was 

easily detected and quantitated. In none of the labelling experiments was more than 0.5% of tritium 

or deuterium found in the 1.4-positions of the molecule. Hence, we have been able to prepare 

specifically labelled [2.3-2H2], [2,3-3H], [2,2.3,3-2H,]. [2.2,3.3-3H4]. meso and df [2,3-3H2] 

putrescine.2HCl in an a p d c  solvent (DMSO) using acetylenic and ds and trms oldinic pncursor~. 
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Experimental 

Tritium gas was purchased from Oak Ridge National Laboratory, and contained 97.9% T2, with the 

largest contaminant being DT (1.76%). Deuterium gas was purchased from the Liquid Carbonic 

Company, and contained 99.7% D2 Starting materials 1 and 7 were purchased &om Aldrich 

Chemical Co., and repurilied prior to use. DMSO was distilled from calcium hydride immediately 

prior to use. AU melting points w m  dttermined on an electrothermal apparatus and arc reported 

uncomcted. hfrared sptcea WQcrcCordtdon a Elmer 1320 IR spccmmcter. I H . ~ H  and 

3H NMR spectra WQC recorded in D20 or %O, on an IBM AF-300 NMR specatmeter. HPLC 



['H, 'HJPutrescine Dihydrochloride 323 

analyses of the butane, butene and butyne as their NN-dibenzmnide derivatives were performed by 

using a Waters C-18 radial pak column with a rnobde phase of M e O W O  (45b5.3 mumin). Mass 

peaks were observed by W detection at 230 nm on a HP 1040A diode army spectrophotometer, and 

radioactivity measurements were made with a Berthold HF'LC flow detector, using a Lithium glass 

scintillant cell with an e f i e n c y  of cu. 0.05%. Tritiated samples w a t  counted with a F'ackad 2002 

liquid scintillation counter. Mass spectra of deutaiated products were measured at 10 eV with an 

A.E.I. MS-12 Mass Spectrometer. All mim and mass spectrometric analyses were carried out by 

the Analytical Labaratory, Chemistry Departmnt, University of California, Berkeley. 

1,4-Diamino-2-butene (3). Hexamcthylenetetramine (18 g, 128 mmol) was added to 150 mL of 

CHC13 and heated to 50 OC to almost full dissolution. 1,4-Dibrom2-butene (21.4 g, 100 mmol) 

was dissolved in 20 mL of CHU3 and was added dropwise over 30 rnin to the previous solution (the 

reaction is exothermic). A white precipitate was formed which was cooled at room temperature, 

fitexed, and dried in air to give 2: 49 g, 146 mmol; mp 153 OC. To this salt was added 48 mL of 

concentrated HCl and 145 mL of EtOH (96%) and the mixture was heated to 80 %. After 10 min a 

white precipitate formed. The upper layer (EtOH) was removed by distillation and the precipitate 

(NH&l) was filtered: 25 g, 467 m l .  It was suspected that some of the desired product may be 

occluded within this precipitate, so it was set aside for later treatment. The filtrate was masted with 

a mixture of concentrated HCl/EtOH (16 mu58 mL, 96%). heated to 90 OC, and the solvent layer 

once again removed by distillation. The remaining mixture was evaporated on a water bath and the 

residue added to 10 mL of NaOH (50%) at -10 OC. The solution was warmed to room t e m p t u r e  

and left for 6 h, after which the upper layer was distilled under reduced pressure (35-40 mmHg). 

The distillate (6 g) was coolexI, treated with solid KOH (2 g). and again distilled under vacuum to 

give compound 3: 4 g, 46.5 mmol(43%); bp 91-92 OC (45 mmHg). The original precipitate of 

NH4C1(25 g, 467 mmol) was treated with 100 mL of NaOH (50%) and heated to 50 OC for 15 min. 

The resulting precipitate (NaCl) was filtered off and the filtrate was twice extracted with ether (50 

mL, 2 h). Evaporation of the solvent gave a brown oil which was fractionated to yield 3: 3 g, 34.8 

mmol(32%); bp 95-96 % (50 mmHg). Thus the total yield of this reaction was improved from the 

literature value of 39516 to 75%. 

1,4-Diamino-2-butene dihydrochloride (4). Magnesium sulfate (5 g, 41.3 mmol) was added 

to 50 mL of anhydrous ether and the mixture was shaken for 5 min and filtered. Concentrated HCl 

(2 mL) was added to the ether and the solution was stirred. 3 (1 mL) was added dropwise and the 

solution was stirred for 1 h. A white precipitate was formed as the dihydmchloridc salt 4 which was 
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filtered, dried and kept in a dessicator: 1.7 g, 10.2 mmol (89%): mp 300-310 OC. TLC Rf 0.5 

(EtOHfNH40H, 813); IR (KBr) 3800,2915, 1640 cm-'; 'H NMR 6 3.6 (a 4 H), 5.9 (W 2 H). 

Anal. Calcd for C4H12C$N2: C. 30.2; H, 7.6; C1.44.7; N, 17.6. Found: C, 30.1; H, 7.7; C1.44.9; 

N, 17.3. 

[2,S2H2] Putrescine dihydrochloride (5). 1,4-diamineZbutene dihydrochloride (4, 50 mg. 

0.3 mmol) was dissolved in 4 mL, of DMSO. Pd-C (10%. 150 mg) was added. and the substrate was 

hydrogenated under one atmosphere of D2 for 3 h. The rapid uptake of deuterium gas was complete 

afta 2 h, as evidenced by the total pressure in the reaction cell remaining constant over the final hour. 

The catalyst was filtered off and the filtrate was freeze-dried to give 5 as a white powder. Water (2 

mL) was added and the mixture was refreeze-dried to give white crystals of 5: 47 mg, 0.3 mmol 

(92%); mp 273 OC; TLC Rf 0.2 (EtOH/NH40H, 8/31; 'H NMR 6 1.61 (m, cu. 2 H). 2.95 (m, 4 H); 

*H NMR (H20) 6 1.60 (s. B); Mass spectrum m/z 90,73(100%),61.44,36. 

[2-3H] Putrescine dihydrochloride (6). 1 ,4-Diamino-2-butene dihydrochloride (4. 25 mg. 

0.15 mmol) was dissolved in 3 mL of DMSO and Pd-C (10%,100 mg) was added. The reaction 

mixture was kept under one atmosphere of HT (5% T). The gas uptake was complete after 2 h. but 

the reaction was continued for an additional hour. After 3 h, 1 mL of MeOH was injected into the 

reaction vessel to exchange the labile tritium. The catalyst was filtered off and the filtrate was 

freeze-dried to give 6 as a white powder. Water (2 mL) was added and the mixture freeze-dried again 

to furnish 6 as a white crystalline substance: 19 mg, 0.12 mmol (76%); specific activity 70 GBq 

mmol-'; 'H NMR 6 1.61 (m. 4 H), 2.95 (m, 4 H); 3H NMR ('H decoupled) 6 1.61 (s); 3H NMR 

('H coupled) 6 1.66 (m). 

1,4-Dibromo-2-butyne (8). 1.4-Dihydroxy-2-butyne (7.5 g. 58 mmol) was added to a mixture 

of 45 mL, of benzene and 5 mL of pyridine at 0 O C  and stirred for 5 min. To this solution. 

phosphorous tribromide (13.7 g, 50 mmol) was added dropwise with stirring for 15 min in a slow 

stream of nitrogen. The temperature was maintained at 0 OC for 2 h and then allowed to rise 

pdually to room t c m m  over a period of 3 h. The reaction mixture was stirred overnight. Iced 

water was added and the mixture was extracted with ether (3 x 50 a). The ethereal solution was 

washed with saturated brine and dried over MgS04 (2 g). The solvent was evaporated and the 

residue was fractionated to give 8 as a yellow oil: 10.5 g, 49 mmol(89%); bp 61-62 OC (1 mmHg); 

'H NMR 6 3.95 (s, 4H). This compound is a very strong and vesicant lachrymator. 

1,4-Dmbdo-2-butyne (9). A solution of NaN3 (12.5 g, 192 mmol). water (65 mL). 8 (5 mL) 

and ethanol (96%. 200 mL) was s t i m d  for 24 h. Ethanol was removed by aspiration, and 150 mL of 
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water added. The reaction mixwc was extracted with etha (4 x 100 mL), the e t h d  solution was 

dried over CaC12 (25 g) and concenmted by evacuation. Compound 9 nmaincd as a yellow liquid 

4.9 g, 36 mmol(779b); Lit. bp 26 OC (0.1 mmHg); IR (film) 2915,2100 an"; 'H NMR 6 4 (s, 4 

H). Owing to a violent explosion, the elanental analysis of the diazide was notcumplctcd. 

1,4-Diamino-2-butyne (10). 1,4-Diazido-2-butyne (9, 3 g. 22 mmol) was dissolved in 100 mL 

of THF and triphcnylphosphine (10 g, 138 mmol) in 25 mL of THF was added dropwise over a 

period of 10 min. The &on mixture was stirred for 3 h, and TLC Rf 0.6 (CM&l#NF. 1/1) 

revealed that the diazidc had reacted completely. Water (5 mL) was added and the d o n  mixture 

was stinui for 24 h. The organic solvent was evaporated and the insoluble triphcnylphosphine oxide 

fdtaed off. The aqueous layer was madc alkaline (NaOH) and extracted continuously by ether in a 

liquid liquid extractor for 10 h. The ether was then evaporated and the residue distilled. A colorkss 

liquid was obtained: 1.68 g (86%); bp 11G112 OC (30 mmHg). The thick liquid immediately 

soliWied to give 10: mp 46-48 OC. The N,N' -d ibc~mudc  * derivative of the diamine was pnparrd, 

and after recrystallisation from hot ethanol yielded white crystals: mp 210 OC. 

1,4-Diamino-2-butyne dhydrochloride (11). To avoid CO, absorption 10 was immediately 

converted to the dihydrochloridc salt as follows: MgS04 (5 g, 41.3 mmol) was added to 50 mL of 

ethyl acetate and stimd for 5 min. To this mixture was added 2.5 mL of concentrated HU and the 

solution was shaken for 5 min and filtered. Compound 10 (1 g, 6.4 mmol) was warmed and added 

dmpwise tothe filtrate andthe mixture was heatcd for 1 h. Atar@pitatcxesulkd, with the crude 

product yield: 1.6 g, 10.2 mmol(869b); mp 245 OC. The precipitate was filmed and recrystallized 

from DMSO mp 255 OC, "LC 4 0.8 @tOH/NH40H, a); 'H NMR 6 2.6 (s, 6 H), 3.8 (s, 4 H). 
The analysis w a ~  calculated for C4Hl&Np but showed the empirical formula for GH16Q2N2SO. 

This indicated that there was a complex of the desired compound 11 and one mole of DMSO. The 

sample was dried in a drying pistol for 12 h using xylene as the solvent, and this resulted in the 

removal of the trapped DMSO h m  the crystals. 'H NMR 6 3.8 (s, 4 H); Anal. Calcd for 

C4H10C12N2: C, 30.6; H, 6.4; N, 17.8. Found: C, 30.4; H, 6.5; N, 175. 

[2,2,3,3-2H,] Putrescine dihydrochloride (U). 1.4-Diamin0-2-butyne dihydrochloride 

(11.5 mg, 0.03 mmol) was dissolved in 2.5 mL of DMSO and Pd-C (10%. 25 mg) was added. The 

reactionvesselwasprmidedwith amagnetic b a r d  was connected tothe vacuumline, frozenin 

liquid nitrogen and flushed three tims with nitrogen. It was then kept under one aanosphere of 

deuterium gas for 2.5 h at room temperature. The catalyst was then filmed and the filtrate was 

freezedried to give a white amorphous solid which was recrystallized as b e f a  to a f f d  U: 4.7 mg, 
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0.03 mmol (90%); mp 275 OC; 'H NMR 6 1.61 (s, 24%-'H), 2.95 (m. 4 H); 2H NMR (H20) 6 

1.61 (s. 76%-2H); MS mlz 75,74(100%).73.72,62.45. 

[2,2,3,3-3H,] Putrescine dihydrochloride (13). 1.4-Diamino-2-butyne dihydrochloride 

(11.6 mg, 0.04 mmol) was dissolved in 3 mL of DMSO and Pd-C (10% 25 mg) was added as the 

catalyst. This compound was aitiated with T2 for 2 h, and the reaction mixture was worked up as 

before to give 13: 5 mg, 0.029 mmol(78%); mp 270 OC; specific activity 3480 GBq mmol-l; 'H 

NMR 6 1.60 (s, B, 25%-'H), 2.95 (s. 4 H); 3H NMR ('H decoupled) 6 1.61 (a 75%-3H). 

Cis-1,4-diamino-2-butene dihydrochloride (14). 

a- 1.4-Diaminc~2-butyne dihydrochloride (11. 16 mg, 0.1 mmol) was dissolved in 3 mL of ethanol 

and palladium on calcium carbonate (Lindlar catalyst, 10 mg) was added. The compound was 

hydrogenated under one atmosphere of hydrogen at room tempam and the rate of hydrogenation 

was moNtod by TLC (EtOH/NH40H, 8/3). The starting material with 4 0.8 was consumed in 2.0 

min and two products wae formed. puascine dihydrochloride with 9 0.2, and 14 with 4 0.5. 

These two compounds werc separated as their free bases by use of a small column. The cis-butene 

gave: 11.5 mg, 0.07 mmol(74%); mp 295-300 OC; 'H NMR 6 3.7 (m, 4 H), 5.8 (m, 2 H). 

h- 1,4-Diamino-2-butyne dihydrochloride (11, 100 mg. 0.64 mmol) was dissolved in 30 mL of 

MeOH and Zn-Cu couple?' prepared from zinc dust (2 g). was added and the mixture was refluxcd. 

The rate of reduction was monitored by Tu: (EtOH/NH40H, 8/3), which showed the N u c t  and 

no starting material aftcr 6 h. The couple was removed by iiltration and the solvent evaporated. A 

white precipitate remained which was not soluble in water. NH40H (3 mL) was added and the 

reaction mixtun was s t i m d  for 30 min. The solid dissolved and was extracted with 10 mL of ether 

for 3 h. Ethereal HCI (5 mL) was added, a white precipitate formed, which was then filtered and 

dried: 91 mg 0.57 mmol(9096); mp 292-300 OC; 'H NMR 6 3.7 (m, 4 H), 5.8 (m. 2 H). 

Trans-1,4-diamino-2-butene dihydrochloride (15). 1 ,4-Diazido-2-butyne (9, 1 g, 7.3 

mmol) in 10 mL of dry ether was added to a solution of LiAlH4 (380 mg, 10 mmol) in 25 mL of chy 

ether over a period of 10 min. After one hour of stirring and refluxing, TLC Rf 0.5 (EtOH/NH40H, 

8/3) showed the product and a trace of starting material. Aqueous ethanol (5 mL) was added to 

d a m y  the excess w, the &m mixture was iiltertd, and the filtmte evaporated. A yellow oil 

remained as the residue, which was fractionated under reduced pressure to give 15: 0.45 g, 5.2 

mmol(75%); bp 92-95 OC (45-50 mmHg); IR (film) 3850,2900.1610 cm-l; 'H NMR 6 3.5 (m. 4 

H). 5.7 (m, 2 H). This compound was converted to the dihydrochloride salt by addition to a solution 

of ethereal HCl. 
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Meso [2,3-3H~l Putreseine dihydrochloride (la). Cls-l,4-Diamino-2-butene dihydro- 

chloride (14 b, 5 mg, 0.03 mmol) was dissohed in DMSO (2.5 mL), Pd-C catalyst (U mg) was 

added, and the compound was tritiatcd undcr an atmosphen of T2 gas for 2 h. Labile tritium was 

removed and the sample worked up as far compound 6, to yield 16 4.1 mg, 0.025 mmol(809b); mp 

268 OC; specific activity cu. 1200 GBq mmol'l; 'H NMR 6 1.6 (m. 719b-lI-l). 295 (m. 4 H); 3H 

NMR (lH demupled) 6 1.68 (m. 29%1-~H). 

(dl) [2,3-3H,] Putrdne  dihydrochloride (17). Tru~s-l,4-diamino-2-butene dihydro- 

chloride (U, 5 mg, 0.03 -1) was dissolved in 25 mL of DMSO and was tritiabed and worked up 

as above to give 17: 4 mg, 0.024 mmol(795b); mp 270 OC; specific d v i t y  1700 OBq mmd-l; 'H 
NMR 6 1.61 (m, 62%-'H), 2.95 (m. 4 H); 3H NMR ('H decoupled) 6 1.65 (m. 3896-3H). 
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