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New Synthesis of Sestamibi and Comparison of Stability of Its Formulation
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Abstract

Purpose: Ascorbic acid is known to act as an antioxidant. Therefore, it can be used in increasing the efficiency
of radiochemical labeling of Technetium-99m setamibi by inhibition of oxidation of Sn®* at low concentration. We
intended to estimate the efficiency of radiochemical labeling and the stability of the newly formed formulation
when ascorbic acid was added to a commercial kit. Materials and Methods: Synthesis of sestamibi was
performed according to Dong-A’s patent procedure (No.10-2001-0012877). First, we undertook a study to
-evaluate the efficiency of radiochemical labeling of sestamibi containing ascorbic acid. The stability of the vials was
assessed using either 7.5 pug or 75 ug of ascorbic acid, added to commercial vials under the accelerated
condition{Temp : 40C £2°C, Relative humidity : 75+5%). Results: Sestamibi was synthesized in overall 35-40%
yield over 5 steps from a commercially available methallyl chloride as a starting material. When ascorbic acid was
added, the efficiency of radiochemical labeling was maintained compared to the vial with no ascorbic acid. The
accelerated test showed that the addition of ascorbic acid inhibited the oxidation of Sn®" ion by antioxidation
mechanism. Also, the efficiency of radiochemical labeling of this vial after 9 months was nearly the same as the
starting point. Therefore, the storage period of the kit is likely to be extended. Taken together, it suggests that
the addition of ascorbic acid as a stabilizer is desirable. Conclusion: To increase the stability of a sestamibi cold
kit, it is desirable to add ascorbic acid as a stabilizer to the commercial fomulation. (Korean J Nucl Med
2001:35:334-341)
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1. Sestamibi®l &M

MIBIS] 3PS 71E5HE 8 4
olsl AzEgor Fig. 1ol £48 Hlo| gk &
B F7A 9 AE BAY HAL A7) FH R
7/(BRUKER AC 200(200MHz)), Z$]A57]
(MIDAC M2000), U4E-47)(FISONS-EA1108)
£ Agsle] 2

2-Methoxyisobutyl chloride(2)2] M=

Mercuric acetate(74.0g, 232.2mmol)E wWek-&
300mlol] ¢ fo¥oll methallyl chloride(20.0g,
220.9mmol)& AA3] A7k F, AZellA 1A17
B¢k kA7l o] &HE 0C~5TE WA
% NaOH(21.0g, 525.0mmol)-g& wgh& 200mlo|
A9) =91 g 30%el Ax Axsl FHrRick
4ok o HUG Agol 147 DAL, ol

of ofAFENIAS HIIE AAE ubEo] o]E9 LB thA] 0C~5CE WZHAZ) % NaBHi(5.5g,
A3 e8I QHHAS Hrkstaal s 145.0mmol) S ofel Uiro] 2413 E9lgh}. w)
(A) |
/ OCH; . OCH "
(1) (2) (3)
OCHs OCHs OCHs;
v
>}VNH2 >1WNC v C“(}VNC)“B/%
4) () (6)
(B)
Vi
CU(BF ;) 7 XH,0 Cu(ELCN) (BF
(7) (8)
) Hg(OAG),, NaOH, NaBH,, MeOH 1l) NaNs, DMSO 111y LiAlH, Et,O 1) (n-Bu),NBr,
NaOH, CHCl; V) (8), EtOH VI) Cu, EtCN

Fig. 1. Synthetic pathway of sestamibi is shown.
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S AAsle] HEEH 2R HLoR 29 ¥
Aol A 247k a7l kA 0T~5STE Wt
& I uhllo)| L3l AEN 300mlE A A4]3]
R F ol FE 715 TS
AYEGEE) U EHLFER ARG F Ty
Ao SEAT ofst olalg Yo
LGo|A] ZEslo] EA 3}gHEQl 2-methoxyiso-
butyl chlorideE <1¢1tH25.0g, 92.3%). "H-NMR
(200MHz, CDCl3) : 6 1.23(s, 6H), 3.22(s, 3H),
3.45(s, 2H) 1IR(neat) : 2959.5, 2820.1, 1415.1,
1359.9, 1064.8, 734.5 cm’'

d

2-Methoxyisobutyl azide(3)2 HZX

2-Methoxyisobutyl chloride(16.7g, 136.3mmol)
Z dimethylsulfoxide 120mlell 591 %, sodium
azide(26.6g, 409.2mmol)E 7}ghc}. whEolg 18
0CAES] E5& &8 F o] ZEA 12417 =
WA ZIe). W7k 3 olH2E Ve & F3edAke
g-oB j,i__g].sl.x].:F_/LL]_EE‘/‘-_&on XAFEE A
g F {7158 Fediukdlsge s @Al
ok ABE odG IRARE FH3] o] FHAE
ohg whgoll 2 ARglglvh. BAE f &%
#3) sZ3l9rk. 'H-NMR(200MHz, CDCly) : 6
1.18(s, 6H), 3.18(s, 2H), 3.22(s, 3H)

2-Methoxyisobutyl amine(4)2] M=

k-2 97)e]] lithium aluminum hydride(10.3g,
271.4mmol)E ¥ the oelZ 150mlE 713t ¥
0C~5CE YZAZIh 47 whgollA qlojzl
2-methoxyisobutyl azideZE -3t old|E gHE
A A5 A7pgiet o] FHE 0T~5TolA 308 F
ot HkAZIc) ¥beEA ¥ E 10ml, 15%-NaOH
g=gol 10ml, & 30mlg AHZE A48 Frlsicl
At F ALollA 2087 AsAl a4
B 2AE ojnk $ o2 50mlg 7hste] A3t
oG Y XA T3 $ A7) N b
SZF120C~125T)%}o]
amine 1% th(10.4g, 74.0%). 'H-NMR(200MHz,
CDCly) : 6 1.09(s, 6H), 1.61(s, 2H), 2.56(s, 2H),
3.13(s, 3H)

£

2-methoxyisobutyl

2-Methoxyisbutyl isonitrile(5)2] BZ

2-Methoxyisobutyl amine(20.0g, 194.0mmol)<-
CHCl; 200mlel] =9l
mide(6.3g, 19.4mmol)E 7|3tk o] E3lalo
NaOH (31.0g, 775.0mmol)& & 50mlof] 591 &)
& A4S A7 o] SHS 1AHERF BFA
7Ich W7k & A7) =g Balg ¥, 528 CHCL
2 Agdd AEEAt A §71%e Tad
2 AN F TR AnlFoE SR,
AT e Bxstel A7 AL IER
(25mmHg, 55~60C)slo] 2-methoxyisobutyl iso-
nitrile 3gvH13.7g, 62.5%). 'H-NMR(200MHz,
CDCly) : 6 1.25(s, 6H), 3.23(s, 3H), 3.35(1, 2H)
IR(neat) : 2829.5, 2148.5, 1459.7, 1370.0 cm™

2. tetrabutylammonium bro-

Tetrakis(propionitrile)copper(l)
tetrafluoroborate(8)2| H=

Coppper(IDtetrafluoroborate ~ hydrate(2.6g,
= 3ges

o] gtol

11.0mmol)E propionitrile 9mlol] =91 #

A e5g g2l T upz WAL,

copper7F-5 §H9] A Alo] 3l wi7tA] 7k
%303 BRA WL ol F Sk A

70 Al oflel2E sl AR 3 oFsta Az
A]A tetrakis(propionitrile)copper(I)tetrafluorobora-
< d9ch3.9g, 96.0%).

Sestamibi(6)2] M=

Tetrakis(propionitrile)copper(Itetrafluoroborate
(1.5g, 4.1mmol)E oE-E 20mlol] =9 %
2-methoxyisobutyl isonitrile(1.8g, 16.2mmol)& A
A5 71zt o] SeBg Aol 1417 kA
). Zhstetoll SullE AAS F FAl ol 2E A
A3l Tl AR A ofFbsla A=AA
tetrakis(2-methoxyisobutylisonitrile)copper(I)tetrafl
woroborate s 2¢rH2.32g, 95.0%). 'H-NMR
(200MHz, CDCLy) : 6 125(s, 6H), 3.22(s, 3H),
3.57(s, 2H) “C-NMR(200MHz, CDCl) : 0 22.4,
499, 51.6, 73.2 YAEEA(C2HuN,0,CuBFy) @ ©f
22 C:47.806 H : 7355 N :9292 A&x C
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: 47416 H : 7.219 N : 9.359

2. Sestamibi cold kit A=

Tetrakis(2-methoxyisobutyl isonitrile)copper( 1)
tetrafluoroborate  1.0mg, SnCl; - 2H,O 0.075mg,
L-cysteine HCl monohydrate 1.0mg, sodium
citrate dihydrate 2.6mg, mannitol 20mgo 2 FA
Hol gl 712 MIBL 7]1E 24| is}54 -
Al Bl 0, 0.1, 1 o] ofAFT 2RI Oug, 7.54¢,
TSuge 47 Arpstel 47023 & H4E 33
sto] MEE FES Azslch

FHAAZA] of~FERIY] A4S ZAE] 9
Bl FdARA okxFENAE HRE A,
tetrakis(2-methoxyisobutyl isonitrile)copper( T)
tetrafluoroborate 1.0mg, sodium citrate dihydrate
ZAel| oI =Rl 0
g, 15u, TSpgs 247t AA7lstel sA=3 F A

AR 64
4F At Azslgl

2.6mg, mannitol 20mg<]

3. *"Tc-sestamibiol WAlslEtY EX(2

ollA Az 7| Eoll WA 27 P Te
S 2ml 4 Y 100° CollA 15 Bl 71dsle] &
AR RN gngc-sestamibi9] v eHA R E &
g ZAs7] 9sle] A4 o Z Whatman A2
No. 18€A] (Whatman No. 1)¢} Gelman A}¢)
ITLC-SG (instant thin-layer chromatography-
silicage) S, ol B0 obAlEd} AlelAals
Agto] AEubEE S kot o] AXHg
th Zo] I cm *=o]7} 10 emQl Whatman No.1 of
A&} 2+ =719 ITLC-SG (Gelman Co)E &
vlate] o5 7z dAAllE] Lol Eatslict
Whatman No.1 oJ3}2)9} ITLC-SGE A&& ZA|
whks] £3 olfARE] | em 91x|of] P TeE ¥
3t Sestamibi fHL FATI ulolm R A AL o]
Soto] B e wojmal ohS th2y] Aol 77}
o 5~7 mm FES] oLAEN A2l Y
ol % Arlsl ol 9~10 em SolrkA) AAAA
ok A7 Eups Aslzell A el Radio TLC

Table 1. Rf Values of Radiochemicals on Chromato-
gram after Labeling of Estamibi.

% -Sestamibi Free *®™TcO4 Colloid

Whatman No.1 075~1 0.75~1 0
/acetone

ITLC-SG 0~025 0.75~1 0
/saline

scanner® A-gslo] WMMALFREE ZAGL o W
1
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4. Sestamibi 7IEQ| JIZAIR0IME] OtEH

AE ZH7kel] ogh AEe] BAS 8l QA
dzat7] Sisto] AlAle] WakmARL 71 =
E:4042C, AHFEET5+5%)004 71 AdS
Asigieh. WAl AR e A4, @
2k 1) kA ebA] =% (Radiochemical purity) & &
Hsto] AAE ok} ol Hbsteieh

F%1 89 tetrakis(propionitrile)copper(D)tetrafluo-
roborate®] ¥k HPLCE Z43lglon], =i
st A5 A (A3 225nm)9}b p -Bondapak
C18 columng Al-gslo] wlelE . 7.5mM AL oF
2E 389 (70 : 30)2® 1.5 mLjES £ 8
Al 3st et

AstAld=A 9 FEEE SlEiA 6N HCL
50 mg/100 mL KReO4, 10% KSCN, 20% ascorbic
acid& 72+7} 6:6:1:22] Hl&& 4L vhy, S04 H
9] sestamibi vialel] 7.5 mLe] &3} vy 2]eke- 7}
shar 1587 aXEE & 363 nmollAl UV
absorbanceZ &4t IFEAZE 7.5 mgd]
SnCLE AgEALG 2 mLoll 59 3, o] -ollo]|
4 20 uLE Feto] 7.5 mLe] EG WA ekS S
& 2% Agsigct

WA e S it ke s
2 el Eashe #AF (P Te-Sestamibi) o] wiE
2 JERHG L
W LA saick

1 o o

, AL A3 A g AW
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1. SestamibiQ &4

Sestamibie] AL AdA oz §-83F methallyl
chlorided FWEFAE lo] AZ-F ol 2slo]
% 5 ghAloll AA 35 ~ 40% 9] HAATEE G4
ek 'H-NMR, PC-NMR 248 #&x)9} A2}
gom?, Q4B e W29} o] &7} A

o] LAt

2. OlATZHIA 0| 25t #"Tc
MIAEID|HIQ| BiAlSlSHE EX|SE W3

A 4-gsslo] AulEls Qe FIEAFoll ok
F2H14 Oug, 7.5ug, 75ug M7t AlAE " Te-
pertechnateE Y31 100ColA 158 E9F gl
Foll Z47te] FAEES ITLCE EA19L u, 7]
& AAgt vlsste] FEE TARES Hol 9
ot FAHeg Foldt Aol glgict (Table 2).
TG SR dSFAE win okaIEmiy

Oug, 7.5ug, 75ugo]l Z+zt g5 A A9 FEd)

Table 2. Effect of Ascorbic Acid on Labeling Efficien-
cy of Sestamibi Cold Vial.

Ascorbic Labelling efficiency (%)

aicd (4g)  ®™To-Sestamibi Free ®™TcO;  Colloid
0 980 +00 00 £00 20 01
75 98.7 +06 00 +£00 13 =01
75 990 +00 00 +00 10 +00

Data indicate mean =+ SD.

ML pertechnate & Wi 1004 158 Z<F 7}
A3 Fol| 2o FRAEEE ITLCE FA3A
| EAEEO] 1% wre R UEh} ofaT2ul
o] xSl FENAE PTce IIT F S
#AE 4 U3t (Table 3).

2 o

to ro £
lo

3. OlAZEHIM ATt 9fFt " Tc-
sestamibi®l ZESAIENIAMS CHEN

71EzA e okaF BN T5ugE Hbete] HHE
T ullsEE 75£5% 9]

V& Gz BESlon] o] AR= Fig. 2
o] Vel 9t 959 sestamibiQ] 3k 97
A A 95% ol BEEQoN, AFALF
Agreke 7hrE|glom 9/E7kA] 30.0% 9] S

contents (%)

duration (month)

Fig. 2. Stability test results of new sestamibi cold kit.
Stability test was performed at 40£27C in 75
+5% of humidity for 9 months. The formula-
tion of new sestamibi cold kit was tetrakis
(2-methoxyisobutyl isonitrile)copper( I) tetra-
fluoroborate (MiB!) 1.0 mg, SnCl, - 2H,0 0.075
mg, L-cysteine HClI monohydrate 1.0 mg,
sodium citrate dihydrate 2.6 mg, mannitol 20
mg and ascorbic acid 0.075 mg.

Table 3. Effects of Reducing Agents, Ascorbic Acid or Stannous Chloride on Labeling Efficiency of Sestamibi.

. Amount Labelling efficiency (%)
Reducing agent % o
(ng) "Tc-Sestamibi Free *"TcO4- Colloid
Stannous chloride 75 98.0 =00 00 00 20 +0.1
Ascorbic acid 0 00 +£00 980 +03 20 +00
Ascorbic acid 75 07 +0.a 940 +06 53 +0.1
Ascorbic acid 75 00 +00 965 +04 35 +£0.1
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Table 4. Effect Of Ascorbic Acid on The Stability of
Stannous Chloride at 6 Months after
Stability Test of Sestamibi Cold Kit. The
Stability Test was Performed At 40+2C in
75+5% of Humidity.

Ascorbic aicd (ug) sn'? (%)

0 134 + 054
75 418 + 092¢
75 308 + 084

The data indicate mean + SD
* p < 005 compared with ascorbic acid (0 yg)

R 919 2712 Y AlAE Aol B
T3ls Aol misste] oF 4l Ho] AVIRE
AgE S & e 2722 7" 3 90
AR AR PPTe-sestamibi®] WA F
AfEs FA A MAA G FAS IR ES
veblel Rar)7ke A8 5 dvke As el
solek =gl olaFEdlibg Hulelx] g
7\Entolgd 2 10.0% o] FARME &2 VR

et 7SR 6/ foll ok ENIY Hrfel
A L 7|Entolekdl oh AT ENIALS T.5ug, T5pg
ket wlolote] YA Z= Sn”e RS
v o 2 239l g wl, obAIEulAE H
7hek -9 QAT 9] dheke] 2-39) HER A
= 3t (Table 4). o]2i3t Avh= 919 7}
ARANE Fste] = ARZA olxziEw]
Ahel ke dshAIdFA e ARkE Ao R A
npo|de] S F7HAZ AR Azt

ol ’de] Avh= AlZehilv] AlAS) RS F7t
A7) k) ARADFA 9] Aok Ak b
oA A ofFEIAbe] Il ubEAgE o
= 37t

T

[

A

AT AR WALeleHEe R 1973
Brookhaven National Laboratoryo}|4] sHubsl 2°'T]

(thallium-201) o]Z& o)Ak el ¢ %4 AlTHiF

BhEel Aol @e m¥og 1980w 3wt
9mTc_sestamibiz} 7AREE|o] *"Te-tetrofosmind} 3¢
A ALA AL glcl 19891l Frans 1
Th.Wackers 52 *"Tc-HEXAMIBIS} *'TIS 4
Ssto] QA HE, dE ZA, oY AT =
v)sst Ax, ¥"Tc-HEXAMIBLIE “'Tlell ns}o
QpiAel SSrelial EEu ATte vehig
S-& Hoaslglar o] 3 )7z 24 alkylisonitrileQ)
tertiary butyl isonitrile(TB)¥} ¥ ester isonitrile
o] AJ&lx|glor} ether isonitrile?l sestamibi®} =
Zo| Aol Ael 2o AFePUA T )
@D AAD 2 e A, sl g E
e Qi ar ABE veid. el
PnTe-sestamibiz +17+e] 'Te(HHE A Bj7h=
o) MIBI 6uj912HE= ol FolAgleh. ol =l
P Tc-teboroxime S Holgt F2E LA 7uf $1%
9] boronic acid-technetium dioxime 3-7}E(2F4
BATO5)9] sh}24] alkylboronic acid < dol|&
EAlo|uw}, BATOF 5 ATF 9d3tel A9
AL vehlE Ao Hass g,

o] Ao AgHer H8&38 methallyl
chloride(1)E Z4-S2A g 3lo] oxymercuration-
demercuration®] B Ax 92.3%9 4HE 2-
chloride(2)-& =]
Oxymercuration—demercurationﬂ‘}%—g)% o)Z7%
Fololl alkoxy7] & =S 4+ AU &3 1vb&
o dubd o g X3yt §e vkl alkoxy 7}z
E9]%lch,  elo]R  2-methoxyisobutyl chloride&
dimethyl sulfoxide £nf s}oll sodium azide9} X&)
A 232”8 217 2-methoxyisobutyl azide(3)%
dglor o|Zlg ofldl2 SmiE 2E3 oy, Bl
9] =% ¢lo| lithium aluminum hydride2] 3H14)]
oF whEAIZl F 7hdst SR =2As AA
2-methoxyisobutyl amine(4)& Y+ whAloll 7%
74%9 &2 vk o] ollE AolEFHviAl

(Phase transfer catalyst)®] &} 1<) tetrabutylammo-

methoxyisobutyl

nium bromide$} chloroform<&x] s}el] sodium hy-
droxide¢} W'Y 2# 2-methoxyisobutyl isonitrile
(5)% 62.5%2 &2 v} odolA isonitride 3}t

Elpa= coppper{IDtetrafluoroborate - hydrate 2}
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propionitrile ZHE] ¢lo] X+ tetrakis(propionitrile)
copper(l) tertafluoroborate(8)2} ethanol -E-wfj&}ed]
HES A7)
butylisonitrile) copper (Itetrafluoroborate(6)2] 3}
FEs 5% TERE Yk

Sestamibi®] A B AAS ol gk A
= ol7] "ol ekl ol Zoi B o', Pandey S
o]] 9]} two component kit9] ||} Wl o <
stz ARE WAkl $EAHE 2
73 AU, olsh o] AkAAFAS R
A Z71= P™Tc-sestamibi cold kit] QHAAdol &
23k e9logA B odFoA *™Tc-sestamibi
cold kit®] eHg4E F7HA717] Y8l obFEN A
2 A FIES Azstel of AAlel WA
EAEE 2 AR A% e el
o). ohaIEaAe AR FEZA TN M)
E5olae] EATEE UEhigle. R Y
% oG 4R AR A EAHEES
B8 A3k AN FAT EAEES LA
t}. ol ohaZEAlAE PMTeAE WA ook
FollA ASAILTA Y Sn9) ebgAl A% wt
ohel EARE in vitro FRAE ZAAIE A
o7 Huwy glow, chld dUdZEA e
serum 59 *"Te EAolA FAAZE AL=E
Aoz Rusw glen®, " Tes) HEE YA
of AHRFYS P} wasgle). et E AT
Fol| A ok2aF 2 4L sestamibio] ¥ Te FA)A]
AL A Fhe Aoz gelg on(Table
3), AHAAFA 9] sn”9) S F7HIFIE A
o2 vebytd

wzbA] otz Eniike] Hrbe TASE Sl
g vAA] gka JIHAIAFA ] A2E WAE
Rouw, PYIATA oG EMIYe) AZH
Rom] A3hAIUFA FeFoi] 1.0-4.0019] of2sl
Zal4 ot uldAdr Aew e

EAZQl  tetrakis  (2-methoxyiso-

2 ¢

2x|: ot~z =ul A (Ascorbic acid)2 EAFEFA

A 28 5 ek Ro) LA Jord, meiA

2 w4 27} F49] A3HE A3l wl=Z]
-99me] b FAEES TV g Y
A3kg T g} B Aol 71Ee] J] Bl
AR EAS A1 AAE ghEo] o]&9] WA
3 FAEEI S ksl stk
CHAF Q) Bi: MIBIE 7)ol 2EEA] gk A=

sy o2 AsAt 2 g 7129 71Ee] o}
a3 enl A 75ug, T5ugs Z2F A7kste] ghE ub
1% 2EE 40TH2C AUFEET 7525%9
HEARzA sl A A= Hak
Sestamibi:= AFe]Z o 2 823} methallyl chloride
2 2EAR slo] F SgAlel] Hx 35~40% )
AAFEE FAHYCE okaFT2ulite] Hrhs gl
2 o] whAseE TR HEL ofaFERAe] A
7pE1A e 7499 v R fAE A 8
AP OB RE ofxFERIAS] b= ofX
HlAke] gAskagol ol Sn™e] Asl} WA
HASE AT 5 Jdgdok =3 A A
= 9 MR 7R AAGE o] kite] A3 A
LS A A ANAY fAR FAEES
vehfo] Ra7)7He e 4 dvke S |
sigdeh. 9 A2 e FATARA okaF 2RI
o] Hrprh v Ag Aoz HriEc HE: PMTe
Alzehaulg) cold kite] HPAE F7HAIF7] 9
3, 71EAA HEBAZA o= ENIARY] A7)
7b whebAgl Zlow HrhEch

fr o xo

o
.
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z
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