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Tc-99m Labeling of Dione Bisoxime Compounds

Jae Min Jeong, Ph.D., Jung-Hyuk Cho, Ph.D.*, Seung-Joon Oh, M.S.*, Myung Chul Lee, M.D.
Soo Wook Chung, B.S., June-Key Chung, M.D., Dong Soo Lee, M.D., Cheoleun Kwark, Ph.D.
Kyung Han Lee, M.D.and Chang-Soon Koh, M.D.

Department of Nuclear Medicine, Seoul National University Hospital and Laboratory of
Organic Synthesis, Korea Institute of Science and Technology*, Seoul, Korea

Tc—99m Labeled hexamethylenepropyleneamineoxime ([*"Tc]-HMPAQ) is a famous
amine-oxime compound and is widely used to construct SPECT images of cerebral blood
flow. To investigate the relationship between chemical structure and radiolabeling in these
kind of diamine-oxime compounds, we synthesized seven compounds by Schiff’s base for-
mation and successive reduction with sodium borohydride. They were (RR/SS)-4,8—diaza—
3,6,6,9-tetramethylundecane—2,10-dione bisoxime (2), (RR/SS/meso)—4,8-diaza—3,9—dimethy-
lundecane-2,10—dione bisoxime (4), (RR/SS/meso)—4,8—diaza—3,10-dimethyldodecane-2,11-
dione bisoxime (6), (RR/SS/meso)-4,7-diaza-3,6,6,8-tetramethyldecane—2,9—dione bisoxime
(8), (RR/SS/meso)—4,7-diaza—5,6—cyclohexyl-3,8—dimethyldecane-2,9-dione bisoxime (10),
(RR/SS/meso0)-3,4-bis(1-aza—2-methyl-3-oxime—1-butyl)-benzoic acid (12), and (RR/SS/
meso)—2,3-bis(1-aza—2-methyl-3-oxime—1-butyl) benzophenone (14). Chemical structures
of all the synthesized compounds were identified by taking 'H spectrum. Among them, 2
and 4 are propyleneamine oxime (PnAQ), 6 is butyleneamine oxime (BnAQ) and 8, 10,
12 and 14 are ethyleneamine oxime (EnAQ). Each compound (0.5 mg) was incubated
with stannous chloride (0.5 g — 8 g), carbonate-bicarbonate buffer (final concentration
= 01 M, pH 7 — pH 10) and Tc-99m-pertechenate (1 ml). Tc—99m labeling of these
compounds were checked by ITLC (acetone), ITLC (normal saline), reverse phase TLC
(50 % acetonitrile) and ITLC (ethyl acetate). According to the results, EnAO’s were not
labeled by Tc-99m in any of above condition. About 11 % of maximum labeling efficien-
cy was obtained with BnAO. However, 4 (PnAO) was labeled with Tc-99m to 85 %
which is similar to the labeling efficiency of 2 (HMPAO). Hydrophilic impurity (9 %)
was the most significant problem with the labeling of 4, however, pertechnetate (3 %)
and colloid (3 %) were minor problem. In conclusion, we synthesized seven diamine
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bisoxime compounds. Among them, four EnAO compounds were not labeled by Tc-99m.
A BnAO was labeled poorly and two PnAQ’s were labeled well. These labeling can be
explained by tertiary structure of their Tc—99m chelate.
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A FA4 HEF el 7 de] 8T gl
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propylene amine oxime(HMPAQ)e|t}. 1987 1l
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RAHYER e AMEEE WA YGEE 5 F
8%  AEo] '®l-Hodo-N—-isopropylamphetamine
(IMP)3} '#[-N,N—dimethyl-N’—(2-hydroxy-5-iodo—
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HMPAO% ""Test Ziisted Zdle|eg gtoi=y|
o] uf HlZW4HE 48 +59) oxotechnetium 3 )
B FEAstA =i HMPAOSA 3 7)e] HajE wbo}
9 Ax 4 44 EEE FAsA = A
£4de] 29 HAPFAHE A FHsle] T Ax
28 Fof /MG HAE FlMe FFERE §9
thiol 7]} uh-g-3le] 84 E42 wislsiA wr}. o}
oha chal sAzel 4] WA hex) EapA So) AT
T £Ao] Hrp. HMPAOE F71A8) ol s &
dl- 5} meso- Ao} EAF=Hl °lEF dl- Ho
$u 2do] o ol HmT HE AHw AYs
HMPAOE= 2% d,)- slo|c}. HMPAOQ7Y} o494 3
2} thiol 7|9} Z Wh-g-shexis FAEHA WA 3R
= 2@ QA dl- B3} meso- YoM E xolF
Hol= Zlo® No} ofzte] 3}ahtx0] Wil ofsf4
2 4% g 501 sk
2 A7 HMPAOs} 78 dione bisoxime
A%E2] et FEAES $AsL o5& Hl=a|
HOE RAB o2y setrxrt HaEe] £
Aol AGA QA& v|A=7tE A7ste] Btk

k

et o e
1L 7171 & Al

FAad RHEE9 3sFE+ Varian A}¢] Gemi-
ni 300 MHz NMR SpectroscopyZ °©]-43l3 &
A2 71= Hoover Melting Point £A71E o83l
orh. 7ZHF Aleke Aldrich AFE 283 24 §7)
£o)= Merck AFE 748t Agslsdt}. Methy-
lene chloridel= calcium chloride® AAE 3lof A}
L3}, FU1EA AEE £EE ¢g wEeaEnte
22+ (thin-layer chromatography, TLO) &=
Kieselgel 60F254 (Art, 5715, 0.2 mm, Merck)&
A5l =d] old HEWHe 254 nme] UV lamp
) panisaldehyde £ (p-anisaldehyde 1 ml, H,
SO, 1 ml} ethanol 18 mig 4L A)EFHL o
Palgdry.  *TeR BAF  BEEHE  ITIC
(Gelman) & AH&3}9r}.

2. HMPAO2} 11 |RTxe] &4

48~ Diaza —3,6,6,9 — tetramethylundecane - 3,8 —
diene-2,10-dione bisoxime (1). 2,3-Butanedione
monooxime (11.66 g, 115.4 mmol)£- ethanol 250
mlol] Fo|x Hkg-gollo] 22 & 60CE &£8F ofs
2,2-dimethyl-1,3—propanediamine (5.0 g, 49
mmol)& 7}3kal 30 #2F mukslgict. o] Ao =
<=5 ez 10 A7 &< o] ZukAgch g
2973 AAEE AR Felofeirls dsbshuA
274§ acetonitrile (—40C)E A H3F t}A] meth-
anolel} 4 2§ ZAsedc); 'H NMR (DMSO-d6)/ 0.1
(s, 6H, CMe2), 1.9 (s, 12H, MeC), 3.2 (s, 4H,
CH2N).

(RR / SS) - 48 — Diaza - 3,6,6,9 — tetramethy-
lundecane-2,10-dione bisoxime (2). ell4] ==
dienedione bisoxime 1 (8.69 g, 32.4 mmol)& eth-
anol 150 mloj] &l 5 ub-g-gofo] 2x 3 —5C of
A —10C & $=x5tH4 sodium borohydride (1.23
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g 32.4 mmol)E 20 £}t AH mukslHA] A3
Hol k. 2 £xeM 2 AR o wbgAR F
& 20 ml& MA3] 7Bkt 2 AR o wak & &
Ao g 1/3 Ax g A3 pHE 112 23S
ek ol A FM AAg onlsle] (RR/SS)-
4,8 - diaza — 3,6,6,9 — tetramethylundecane — 2,10 —
dionebisoxime-g- A¢ic}; 'H NMR (DMSO-d,)/8
0.78 (s, 6H, Me), 1.07 (d, 6H, Me), 1.64 (s,
6H, Me), 2.12 (q, 4H, CH2), 3.12 (q, 2H, CH),
3.3 (s, 2H, NH), 10.3 (s, 2H, OH).
4,8-Diaza-3,9-dimethylundecane-3,8-diene-2,10-
dione bisoxime (3). Dienedione 13} 7-& Aoz
2,3 —butanedione monooxime 3} 1,3 —propanedia-
mines ¥H&-A1A A8t} 'H NMR (DMSO-d,)
/819 (s, 6H, CMe,), 2.0 (s, 6H, CMe,), 2.0 (4,
2H, CH,), 3.5 (t, 4H, CH,N), 11.4 (s, 2H, OH).

(RR/SS/meso0)4,8-Diaza-3,9-dimethylundecane
-2,10-dione bisoxime (4), Dienedione bisoxime 3
4 dione bisoxime 29} & A& A}L3lo] sodi-
um borohydride2 2944 #FAsgct. '"H NMR
(DMSO-de)/81.0 (s, 6H, Me), 14 (t, 2H, CH,),
1.6 (s, 6H, Me), 2.3 (t, 4H, CH;N), 3.2 (q, 2H,
CH), 10.2 (s, 2H, OH).

4,8-Diaza-3,10-dimethylbisdecane—3,9-diene-2,
11-dione bisoxime (5). Dienedione 13} 72 A4y
° &2 2,3-butanedione monooxime 3} 1,4—butane-
diamine & ¥HA1A #§A48lgcl; 'H NMR (DMSO
—ds)/81.6 (s, 4H, CH,—CH,), 1.9 (s, 4H, N-CH,-
CH,), 2.0 (s, 6H, Me), 3.4 (s, 6H, Me), 11.4 (s,
2H, OH).

(RR / SS / meso) — 4,8 - Diaza — 3,10 - dimethy-
ldodecane-2,11-dione bisoxime (6). Dienedione
bisoxime 5% dione bisoxime 2¢} 22 AL Al
8o} sodium borohydride® SQRX|# FA5+Ac};
'H NMR (DMS0O-d6)/61.0 (d, 6H, Me), 1.4 (s,
4H, N-CH,CH,), 1.8 (s, 6H, Me), 2.2 (s, 4H, N
-CH~CH,), 3.2 (t, 2H, CH), 3.4 (s, 2H, NH),
10.2 (s, 2H, OH).

4,7-Diaza - 3,6,6,8 — tetramethylundecane —3,7 -
diene2,9-dione bisoxime (7). Dienedione 13} 7+
2 AYPe=R 23-butanedione monooximed} 2—

methyl-1,2-propanediamines- WH-A]#H  §Ad3hy
t}; 'H NMR (DMSO-d;)/81.0 (t, 6H, Me),1.95
(s, 6H, Me), 2.0 (s, 6H, Me), 3.1 (s, 2H, CH2),
10.2 (s, 2H, OH).

(RR / SS / meso) — 4,7 — Diaza - 3,668 —
tetramethyldecane-2,9-dione  bisoxime  (8).
Dienedione bisoxime 72 dione bisoxime 29} 7+&
AL A28t sodium borohydrideZ #3A)1A &
Asledct; 'H NMR (DMSO-ds)/80.9 (m, 6H, C-
Me), 2.0 (s, 12H, Me), 24 (1, 2H, CH), 24 (,
2H, NH), 3.4 (d, 2H, CH,), 11.4 (s, 2H, OH).

4,7-Diaza—5,6-cyclohexyl-3,8-dimethyldecane-3,
7-diene-2,9-dione bisoxime (9). Dienedione 13}
e Yo7 2 3-butanedione monooximes} 1,2—
cyclohexanediamineg u¥h2-A|#H FAsledct;, 'H
NMR (DMSO-ds)/81.3 (t, 4H, ring), 1.7 (q, 4H,
ring), 1.95 (s, 6H, Me), 2.0 (s, 6H, Me), 2.6 (t,
2H, ring), 11.2 (s, 2H, OH).

(RR /SS/meso)-4,7-Diaza—5,6—cyclohexyl-3,8—
dimethyldecane—2,9~dione  bisoxime  (10).
Dienedione bisoxime 9% dione bisoxime 22} z-&
AL AHL3}o] sodium borohydride® 31414 ¥
Asteder; 'H NMR (DMSO-ds)/81.1 (t, 4H,
ring), 1.3 (q, 4H, ring), 1.9 (s, 6H, Me), 2.0 (s,
6H, Me), 2.2 (s, 2H, CH), 2.6 (s, 2H, ring), 11.
4 (s, 2H, OH).

34-Bis (1-aza-2-methyl-3-oxime-1-butenyl)-
benzoic acid (11). Dienedione 13} Z& Ao g
2,3-butanedione monooximes 3,4-diaminobenzoic
acidg WA FAsHsct; 'H NMR (DMSO-ds)
/619 (s, 6H,CH3), 2.7 (s, 6H, CH3), 6.6 (d,
1H, phenyl), 7.4 (s, 1H, phenyl), 7.6 (d, 1H,
phenyl), 11.4 (s, 2H, OH).

(RR/SS/meso)-3,4-Bis (1-aza-2-methyl-3-oxime
-1-butyl) benzoic acid (12). Dienedione bisoxime
11& dione bisoxime 29} e AWE A183t so-
dium borohydride® #94A Aslgcel;, 'H
NMR (DMSO-d6)/6(2.0 (d, 12H, C-CH;), 2.0
(s, 2H, CH), 6.8 (d, 1H, phenyl), 7.4 (s, 1H,
phenyl), 7.6 (d, 1H, phenyl), 11.4 (s, 2H, OH).

2,3-Bis (1-aza-2-methyl-3-oxime-1-butenyl) be-
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nzophenone (13). Dienedione 13} 7+& Ao =
2,3~butanedione monooximei} 2,3—diaminobenzo-
phenoned ¥FH2-A|A Aslect; 'H NMR (DMSO
-dg)/61.8 (d, 6H, N=C-CH3), 2.8 (d, 6H, ph-N
=C-CH3), 7.6 (t, 2H, phenyl), 7.7 (d, 1H, phen-
yl), 7.8 (d, 1H, phenyl), 11.2 (s, 2H,0H).

(RR/SS/meso0)-2,3-Bis (1-aza-2-methyl-3-oxime
~1-butyl)  benzophenone (14). Dienedione
bisoxime 134 dione bisoxime 29} 7& AW-E A}
£-35}9] sodium borohydride 2 #4174 A5 AC};
"H NMR (DMSO-d6)/81.9 (s, 6H, CH3), 2.5 (s,
2H, CH), 2.6 (s, 6H, CH3), 3.3 (d, 2H, NH), 7.2
(d, 1H, phenyl), 7.3 (t, 2H, phenyl), 7.4 (d, 2H,
phenyl), 7.6 (d, 1H, phenyl), 7.8 (t, 1H, phen-
yD, 7.9 (t, 1H, phenyl), 11.2 (d, 2H, OH).

3. ™ Te HEX|

Dione bisoxime 2, 4, 6, 8, 10, 12, 145% %
&) AjAdpe} olste 34 1 mg/ml HA
Holv}s 72+ 0.5 ml 48 stannous chloride 0.5ug
— 8ug , carbonate-bicarbonate buffer (H&E%
= 01 M, pH = 7 - 10), *Tc-pertechnetate 1
ml 3} ol vhgA1A EAE stk o5 ®AE
£ ITLC  (e}4E), ITLC (RErdp),
Whatman No.l £eolazwetgEels] (50 %
AATLC (70 %  acetonitrile),
Whatman No.l Fo|a@vlg7els] (ethyl ace-
tate) 5% olgstel ZAaisch. WA A1 el
TIC AEGEL A2 AL g ATEH7]E

AHgstol WSS S atelrt.

acetonitrile),

e o

HMPAO 2 2 fEA52 dg4de #A
dienedione bisoxime o] 33% 1, 3, 5, 7, 9,
11, 13& ot 4 FollA Schiff's base YAt
S0 4T o]5L 22 AL (=54 —10
CTYNA  sodium borohydrides® &4t dione
bisoxime Heje] 33-E 2, 4, 6, 8, 10, 12, 145
& FAsledct. o)W Schiff’s base AAul-g-9] 4§
< #3t 305 % (FE 3)olA ¥H Hx 91.2 %

Table 1. Synthesis Data of HMPAO and Deriva-
tives

Compound  Yield( %) R#*  Melting point(C)

1 66 0.37 134

2 35.1 0.45 128-130

3 30.5 0.37 138-139

4 58 0.45 116-117

5 91.2 0.5 152-154

6 58 0.45 158-160

7 70 0.37 115-17

8 17 0.45 167-168

9 56.6 0.40 155-157
10 80.9 0.52 145-148
11 77.7 0.45 >200(dec)
12 56 0.56 >200(dec)
13 82.6 0.48 125-127
14 60 0.56 >200

*Silica—gel TLC described as in materials and
methods. Solvent was ethyl acetate:n-hexane:
chloroform = 1:2:2

(FE 5717 Adeixla, kgl #8223}
17 % (3% 8)0A HH i 809 % (33HE
10)74%] 3o} zir} (Table 1).

3138 2% HMPAO+= AE3tsl HMPAOS #-4F
3 3o EAEE (90 %) AL AE
HMPAOE a4 TLC (70 % acetonitrile) o4 R,
271 0.7 — 0.8 093, FolaznlE 7ely] (ethyl
acetate) | A& 454 g Svle) A olFs)
Hoeo g RAFL FAe] Hlstgid).

e 4% 278 248 & A3 pHy) 8ol 7}
#& SnCl, - 2H,07}) 4pgdn] HMPAO®| 7 9] g2y
e e 3AEE (85 %)7HA A H ). pHA
79 A%+ SnCl, - 2H,07F lpgde} 20 % - 50
% 2] pertechnetate”} W7%o] X x| &8 7149 F
dale] =glon}, 7jel o] 2N 84

A o|Er} #AREZAS FUdo] Hioh 84

Adel=e] WAL FallFE SnCl, - 2H,09) Fe] E7}

F4E v ol WA &3] pH} 100]3 SnCl,
- 2H,07} 8ugd 7% 274 %ol @3t $4A4 A
delert Jg=AcH(Fig. 2). ERolew SnCl -
2H08 4pg o3tE Wol F41& e dibxe s 4
7 ZAERE e 942 HA ket SnCl, -
2,08 8ug ¥l Fx&d pH7} 74l 75 10.8 %,
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Fig. 1. Chemical structures of HMPAOQO and derivatives.

pH7} 84l A% 85 %, pH7} 1091 A% 9.1 % 5
A T"‘l;"{ Zae] fle] Hiet (Fig.2).
3HE 62 EAFEC] Wi vhmk 2Aje] 23K

£ 110 % A= ez ZA=A] ket

33 8, 10, 12, 1452 gt AN A= *Te
o2 32} A9 HA @k (FAEE 2.1 % °
&}) 7}aiE SnCl, - 2H,09) <koll ule} pertechnetate
Ex gFRoluvte] AEH '

i} &

HMPAO7} 7§57 o]Hol] 9A] u]$3} tetraaza

macrocyclic Fe)E & 33HE24 cyclamolzl:s &
Ao "avg A Q77 ExE Aol AU, o]
3}3-E-& dioxotechnetium (V)& FAlo] 7}X|a 4
e Ax Gxbe} wi el AE sl +171e] HEE
o AFeled FAshe Ao BuFHNth wdebA
o123k e 44o] AX AHPEE FHT
7} Al Heg Fu¥ReY EHLoREs ATHA
Sata whx] A FEFA ] BAE A7 FFHA 24
olER AMg-d47t A we&7t st ATEH
A 2ARE oximed HIEY Ado|Er} ANE &
A HEL WA e vl EHE s
the Bz Aok, wEk A cyclam o] e
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Fig. 2. Radiolabeling of PnAO compound. PnAQO (0.5 mg) was incubated with 0.5ug — 8ug of stannous
chloride, carbonate/bicarbonate buffer (final concentration = 0.1 M, pH 7 — 10) and *"Tc-
pertechnetate (1 ml). *™Tcabeling of these compounds were checked by ITLC (acetone), ITLC
(normal saline), Whatman No. 1 paperchromatography (50 % acetonitrile).

oximeS HAsA =i He) o] F§E <l propy-
leneamine oxime (PnAQ) A% #3}Eo] 75
A3, 53] o] HFEL F/HY oxime F N NA
H* o]e-g glof wr)x Umin] a8} 45 373t
A "oz AAHe R FAl HstE wA He A
o] WAL, weha A44E WA FHof YT
& A Eske A2E spdch "Edes #2A
PnAO9 Sk /AejAlds EuiAsE 57724 1.
3 %) FAE feFo] 15 2 whel] FHR A
Txle] alzl &80 80 %ol o]t zlo] A
Ag Az v Ao, 2 Fulol AHE Wabsol

2 ohA v e A Heg daks ded e 2
= gk Edel 4] A3kl ol EAA
o] it

PnAO 35129 2 ¥ ¢x & 2 Wi 8 ¥ A
o] wiEl 2%¢ AAT HFEEC] T AHDF
thA] e e SErh meRlchs Abde] A o
g A Az w2 Felx AerbA] F=A
So] g4 Eelw 1 & HMPAO7} 713 Fx| £4o]
xol ¥ AF GAstel Asiri= Aol AR,
HMPAOOI® 4,133 meso-8 F717 o)A}

glidl o5 % dl-¥e] F F3 ] meso-el ¥
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glod "4 Erle Ax WA g,

B A2} §A4I%) dione bisoxime 33HE £ 29}
4= PnAO A9 3HHEo]#% 62 butyleneamine
oxime (BnAQO) #%-9) 3gEelx 8, 10, 12, 14
= 2% ethyleneamine oxime (EnAQ) #A%E¢ 33
Folgln 47} otk E3) 102 ZgAESH1nEE
7R Z slx oz 129 14 WFHHEE 7R
231 9= 7le] ERoltl. BnAOY EnAO #A%2
3Rl "2l EAE AR BaE ofA7hA] ¢l
Atk ol Age] Ao g4 sl AL PnAO A
59 3132l wiste) 28} A& Ao} 3 H 7]
BnAOv} & 3k} o g2 EnAO AE9 Hj}EE
o] dHlavlgez A A ojcks Aol
ol&= PnAO¢] 7ZA¥ HzulEd ol ¥Heivt 843
old] ®lgled BnAO+ #7H¥, 28]3 EnAO+ o7
8 o 2 4] steric hinderancer} 37] uj&o) 2ejd A
o8 ZAg glr}. 53 10, 12, 149} o] ¥ 3let
sea Feial whEkES He)d 2 o3 3¢
FEL dHadlges A9 A} HAN e AS
& 71 Ak ole 1R FolA Hujo] 72
A= Frdde] A o] "Helx axtFg EAP} 9§

= A& o 47} v}, & dienedione bisoxime
A%-2 EnAO S35l dig dlavlg 22 470t
B9 pHoE 894 10 Alelo|4] 50 % olj4]
83 % AHxe &2 AN o« A A
ol okol AL e Ao gy, ueby
o] dione bisoxime #AE<] #3ET= HHolr g
Tzt HladEe] Aol o E Ao R Al

Z &

Dione bisoxime®9] 3§EE524 PnAO A%
3§HE 2 71A BnAO AlE4 3¢E 1 71 EnAO
A2l HAE 4 7HAE FAS dadERA T
£ 3le B A3} PnAO ALY 3EL vl ZA7}
2 593, BnAO A% s¥Ede 25 A7 5
Adew, EnAO A9 sgEol= A9 2271 HA
okolt}. o9 =3 %ale steric hindrance® A2 %
=
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