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(cisCr(M)(5,5,7,12,12,14-hexamethyl-1,4,8,11-
tetraazacyclotetradecane)(La),)ClOs (7 =1 or 2)
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Preparation and Characterization of (cis-Cr(1I)
(5,5,7,12,12,14-hexamethyl-1,4,8,11- tetraaza-
cyclotetradecane)(La)n)ClOs (n = 1 or 2)

Byun, Jong-Chul - Han, Sung-Bin - Jung, Duck-Sang - Im, Hee-Jung - Han, Chung-Hun

Abstract

rac-5,5,7,12,12,14-hexamethyl-1.4.8,11-tetraazacyclotetradecane hydrate : Ly H20
was prepared and separated from the corresponding meso-isomer dihydrate according
to the Curtis method. The rac-isomer was confirmed by spectroscopic data of NMR
and IR spectroscopy. To synthesize the (CrLm(OH)2)" complex. the racemic compound
purified from meso and racemic mixture was reacted with Cr(Ill) salt.

The complex ion species {(CrLm(OH)2)": Ams = 613.0(e me = 116 M'em™),
(CrLm(OH) (H20))*": Amex = 575.0nm( € max = 133 M'em™). (CrLm(H:002*": Ay =
532.0nm( & mx = 172 M'em)) obtained from pH change of (CrLm(OH)2)™ solution
were confirmed from an electron absorption spectra.

The result of the distribution diagram of chemical species proves that main
products in the range of solution pH<3.5, 35<pH (7. and pH=7. are
(CrLm(H20)2)*" . {CrLa(OH) (H20))**, and [CrLn(OH)2)", respectively.

At pH=2.0. we synthesized several Cr(Ill)-macrocyclic complexes containing

* AT A seoe she
“AEdeE ey st
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2 BBHE 12% (1995.12)

various axial ligands (L. & I', Br, CI', S;0:%, F. malonate, NCS', oxalate) instead of
H=0.

(CrLm(OH2)2)** + Lo = {(Crlm(La)s)” (2 = 1 or 2)

Cr(Ill)-macrocyclic complexes combined with various ligands on the axial position
were primarily confirmed with the mass spectrum. Especially, when the axial ligands
are malonate, oxalate. and S;0s*, a possible thermal decomposition reaction and
redox potential are considered as follows:

Q ? 120-140°C Q
HOC—CH,—C — OH = COxg) + CH;COH M
no solvent
e Q 150 - 160 °C o ' -
—_——— —_— + -
HO—C—C— OH m—— 2g) HC— OH
formic acid

$:03% + 6H' + 4 ——» 25 + 3H,0 E°=0.465(V) (3)

HSzo:;- s HSO:;- + S 4

As well. a spectrochemical series was drawn up on the basis of the ligand field
strength obtained from electron absorption spectra of the complexes, [CrLm(La)a)®".

F (O = Br (I ( %0:* (OH { H0 ¢ mal ~ NCS"

We can expect that there is three d-d transition from d° ion Tanabe-Sugano diagram.

fA5(F) —— T(F) : v
— T (F) : Vo
— TL(P) : Vs

However, we found only two trasitions because the other transition { 4A:z.;(F) —
4Tl.;(P) © v3} is obscured by absorption arising from charge transfer transition.
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( cis-Cr(II(557,12. 2. 14-hesamethyl-1 48 1- tetraazacydotetradecanefLainiIQy (n = 1 or 2) $413% 44 3

A] <

Fe-porphyrin complex & Ab4 Agd % 4b3pA] dAR3haE3- (oxidative phosphory-
lation)® L Az ALA 5 AEA A =g E/MEAE Feo|tH(Gabriele |
1944). heme 22 ‘24_’?174 91+ Fe(ll)-protoporphyrin X 2} heminol| “333l= Fe
(Il )-protoporphyrin X & whuiAz &4 84 U< (prosthetic group) 22 A4
Lia=1

HaC CH=CH,
H H
HaC CHj
c CH=CH,
HooC—C” H2
Hz
H H
CH, CHg
HOOC—C
H;

Protoporphyrin IX

24, dYHL Ak A (myoglobin)® 24 (hemoglobin) g ¢ & AbA Y] 7} A
2%, HAFe] 5 (cytochrome b.c), 23] H:0» ¥ 3l (catalase, peroxidase) HMF-g S-of 3
o g}

ol &wellA F&£Ho]&-porphyring WESHT e WEHAH o] mdax A
o] 5% (M)-AH el i8] (L' macrocycle) ¥, (MLmlol #atAl d3xs 3z lch(Etsuko
and Carol, 1994). 24]1"“]%—’—‘?—-7‘]‘“_1_3] 7te g9 deiulge £xgHoe w
#gAjolc}t (Balch, 1993). x4, )2 FAFE| Y AAFR de} oo
F upoz 1) £ M9 °°]—°—°l‘4' FAU 4714 =iztert At seie,
MLnla) == 6819 #HE, (MLn(La)2)& zH2H A3}

¥ ¥dMe Adze] R=E, Lm= rac - 5.5.7.12.12.14 - hexamethyl -1.4.8.11-
tetraazacyclotetradecane® %%, cis-(CrLm(OH)2)*& ¥4 (Eriksen, 1983)3}
o Fig.13% Zo] AlgHo2 689 2}E. (CrLm(La),)Cl0s(n = 1 or 2)5L A3}
At
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[CrLu(Ny)2)*

[CrLg(mal)*

[Cer(SZOJ)]#

[CrLo(NCS),}*

[CrL,(acac)]*

[CrLn(py)al™

CrCl, + Lu(=rac-[14]-decane)
[CrL,,CLL]CI
[CrL(OH),]*
-H* T l +H*
(CrLn(H0)OH)*
-H* T 1 +H*
Ny F
~——————  [CrL(H;0),* ————  [CrL,(F),)*
malonic acid oxalic acid
[ — > [CrL,(ox)]*
$,05* ___I._>
[CrL(D,]*
NCS’ Br
R, ™ [CrL,(Br)]*
acetylacetone or
et " [CrLg@nyt
pyridine CN’ [CrL (CN)J*
imidazole lutidine
dimethyl sulfoxide dimethyl formamide
s ——————————t i

Fig. 1 Preparative reaction and synthesis of the [CrLm{La)n]* complexes.
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(e HIN5571212 Mrhexamethyl- 4311- tetrazacyddotetradecare)(LanQ0% (n = 1 or 2) 445k 44 5

ol ‘CrLnm(OH)2)" #e]22] okAzt A7} A E(protonation product)oll g 2
Ed EAE F43lgen, o] AMEHE pHE FAHsd (Crln(OH))” &
(Crlm(H0))° & 2242 3o

cis~[CrLm(La)al’

el HEES Aok o] 6wl ABEL HAFFLHE (electronic spectrum).
Y& ¥4 (elementary analysis), 2% ~# E2] (mass spectrum) AEE%E #59
oh a2z, Cr(l) ¥4 #E A9 =S Tanabe-Sugano diagram SZHE] 24
stadewm, o AHEFel glolM AHIZ|(field strength)ol wa} EFsietd A
(spectrochemical series)S 2+Ad s}t

A 4

1. Elzt= A

el 2= rac-(5.5.7.12,12,14- hexamethyl - 1.4.8,11- tetraazacyclotetradecane)
hydrate (= rac-(14)-decane)s= Curtis®] (Curtis, 1966)2 tii W3sle] rdsigdct o] 3igt
29] 32 <= acetone, ethylenediamine, HC10,2%€] 9L 5,7,7.12.14, 14-hexamethy] -
1,4,8.11- tetraazacyclotetradeca -4, 11-diene diperchiorate(= (14]-diene * 2HC104) & o}
g}
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1) meso-. rac-(14)-decane - X0 E3¢& $#A

250ml methanol®l (14)-diene * 2HC10; 50g2 ¥2 £9¢& ARomA] NaBH; 9.5¢7%
NaOH 8.3g2 HtH2 434 1A|7bel FA 71} NaBHi2k NaOHES AE H713
F A 22U o 3F XA 158 st sbd ) o] £ WA H
1.3M NaOH 500ml& ¥ F 1A%t F<b kst E3EL 42 5 Ut} o] B4
AMEE dFER AN F7)Fo Az A

2) rac-(14)-decane ¥4l

methanol 300mlell E3E 26g& Fol #F 2=olA L8470}, o] L£AL 40T
7R WZhAA g3 Etn, oJfe] 300ml HEZ methanol® F3 #F ST A Ao}
g3t g7l E 200mE W AGIHA ZAFIH oA HAe] YHEQ
meso-33rEo] AR} o)RE oAtz IS ddel H,0 100mE o] stz
30 A= wulsld oA 23] meso-, racEEo] A7ch o] EIEL MAY
49E HFL7AA AL AxAFNE B4 £5% racAYEL 4L $ 9ok
m.p. : 99T (lit, 97-105%)
elemental analysis :

caled for CigH3sNs - H20O @ C:63.58, H:12.58, N:18.54
found : C:63.81, H:12.58, N:18.80

2. Cr(Il 2& ¥4
1) cis-(CrlmCl)C) 34

N-methylformamide 50mloll CrCls 10g® Zn ¥+% 10mg€ ¥ =& w7}x] <}314)
7td e}, o7 Ajze) 2|Zt= rac-(14)-decane 18g& 71k £-8-& 2h F<ot &
FA1Z1ch, o] ukg-A|7ZF Ftel bluish-green A Eo] HH3] YA} o] EHEL
Qgolld WRAR Foll Aetn dgol WAE Z2F50) ethanolZ 23 A MG
o},

2) ¢ o7 A Az

NaOH(4g) €9 100mlel DellA A3 3138 (CrluCl)Cl 10g2 713l 100C
oA La| A}, o] £NE AR YA F LSal=A e ] EAHE A
Aslz] Y& IfZc}. o] 4N L &3 e FE [ 3)~10) 1A U
o] &%l c}(Eriksen . 1983)
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[ cis-Cr{M)(557,12 12 14-hexamethyl-1 4 811- tetraazacydotetradecane)(Lan]Gy (n = 1 or 2) T4 414 7

3) [CrLa(OH2)2)Cl0s 2 E §A

FHEA 26mE d§o2 WA F g4e] pH=27} HEE HCIO, $4Bo
ZAsted absHA Z3l NaClo; $89(10mDg 7o o721 & oF 0T elA]
24hr W% Fo| F2)dt I acetonel @ A At} o] PAEL 0.1M NaOH 5&
Aol & (0T)AA AHAY g} o] LHo] E3} NaClo; 58 4A3e Hrlsim
%3 Aol £ ol 0CE YA gnslw A Y3}

4) ¢ 2z A

(Crlm(OH)2) 8- 50mlE malonic acid(10g) 8 20mlZ AMA3AA Aoy
E3} NaClos 44 20mlE AH3 HA7Pch o] o YAY ETHEL  heating
mantlea o]-&3te] 100ClA 5EHE FAIE ch&oll 0CE WZAF violet I A
dE 4 ook o] AHEL 93t acetone 2.2 F W o)A A MYt HA
gart sled. 7 AL 49 B(100T)ol EHEL LA} o] w &
2 vlubgEo] EAMY 4 Q7] w&el A defo) 1/10 Vol. NaCl0; E3}
A& vlolA 71HE Fa HHS AJY of &5 7]V Havl HEE sy
T7HA] YzhA 70}

O*M“ﬂgml

5)(- 2} B A

2)ellA A (Crim(OH)2)" € A2 £ 60mlel (COOH); - 2H0 10gg =3 Lo
22 AAABRAZ o178 100TAHA T¥ HE SRR £ 0C 7= WA} o)
d YPE JHEL 973 t}Lol acetonel 23] o]A} MM} o] oxalic
acid’t HEH = IAEL AZA}7] A&, o)L £ 200ml(90T)o o] o
F F AE Aol NaCloy E354 50mE HAH3] 2Hrpstm 0C7A] P2A 7}

6) (CrLm(NCS)-)Cl0s 22 %Al

A 50ml (Crlm(OH)2) 8¢ A48 (pH=2) A17]7] 913t HC0; 448 A
A3l H7igho} o] §ooll NaSCN4=494(4g NaSCN/H 2% H.0:80C)& H7lslz 80
CTolld 15% A= ARojFch o] £4-& Iutstds x43] 20ml NaCl0; Z3}44
< AH7IE Fel oF 90TelH 58 Y= 7tdct. o] AL 0C7AA P27 uja}
o Y2+ acetone22 A A o] (YT MAYL 239 F(F 95C)¢] Ho
oA gt offoll E3} NaCl0, £ (1/10 Vol.)& HH3] Hrlsted 0C2 WHAA =y
E=R-Ridny
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7) [CrLmBr2Cl0s ZE A

SHEH (25mDo HCI0: 84 U3 Arisled pH=27} HEF & Fo AY
ShAl muAIeh. 7ol NaBr&H(5.15¢/10ml H:0)& H7bste] mubsiwd ®3}
NaCl0s8- 10mlE 7}t o7& EF=(F 0T)NAM 5~10% Ax 71dg Fo
0C7H2 A3 FZAA A3t 3 acetone> 2 HA3}A Ax g},

8) rCI‘I IA,]Q]QI il%_ g“]:x-)

(CrlmBr2JCl0s §4 FA o] w2x]at & gol&A 27t 25 AL 98 Nal
44 (7 5g Nal/10ml H:0)2 A7}8txm wutslwdA 10ml £3 NaClo,5-44e M7}
Zhc},

9) ’Q[I fS?Qa)]QlQ ili" g‘l)&

(CrLmBr2)Cl0; $4 Aol @2k, $0,7 S0l ABPHE 98 NanS0s 58
H(6.2¢/10ml H.0)& A7 gc).

0) ”QI'I E"]Q]Q iLE" M

(CrLmBr2]Cl0s 2t &4 Ao g3t t F gol HE 342 9sle] NaF$4
A (2.1g NaF/10miH-0)-& H A 3] 7}gc},

ole} L Wyoz AT 3 E((14)-diene. meso-, 1ac (14)-decane ¥)< ¥4
A B3 28 (IR spectrum, 'H-NMR spectrum, C-NMR spectrum. mass
spectrum} 2 4€] #l3lgict
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(cis-Cr(IM)(5,5,7,12, 12, 14-hexamethyl-14811- tetraazacydlotetradecane)Lain|QQ; (n =1 or 2) §A12H 413 9

100
80
Me M&e
NH HN L
[ ) :
60 "
8 NH HN p
[=4 -
3 Me? Me .
E <
£ . -
= 40 - Racemic Isomer "
= n Y 2
n D
o * = n .
wa . n N
Moy R < -
] h: M -
20 - N
e
a
N
o -
Y T T B T T T T
4000 3500 "3000 2500 2000 1500 . 1000 500

Wavenumber (cqm™')

Fig. 2 IR spectra of Racemic Isomer in Lm. Spectra were determined in KBr
pallet,

n.o---....--n--n-

Curromt Bty Persssvens

Wi \\M e N\ S

" merenen Per sy

e B e w
He Me o c L.
NH HN : 4ol
—~ 7
N e
C me b b
Me - :
8™ A A TS
v I -
Racemic somer v o
- s
: -
racemic-isoser ~ -
- 11 swemrren
H-NR(400MHz, DMSO) : & = 0.88(d, J=6Hz, Cth) A -3
" -t
& = 0.98(s, 3H. CH) o s
b amn
& =1.03(s, 3H. CHy)
l’-

N JWU_JLJ i .
Tw W Y

2 1 I
Fig.3 'H-NMR spectra of Racemic Isomer in Lm.
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"'"-NW’W'i*'\\t'r‘-\’fi‘\'lf'h‘-"'"r‘.‘~'ﬂwf"4‘m"‘r"J 4 "I‘ ]'-RL\WL'W-‘.'F&M‘-A L‘»""Nrr«m&"w l-‘«WrJ Lu L.«w.\n-‘\wn Lm

75 70 & 60 55 50 i 40 35 30 25  ppm

Fig. 4 "C-NMR spectra of Racemic Isomer in Lm.

A% 9 2%

1 O AR HAFEAAE 84

Fig.52 37}2] (CrL)(L. = ethyenediamine‘en. oxalate:ox, fluoride: F 2ol gk &
FAHEYE epdch 7R d-d Holv HA-HAIZ bty Te ygsie 1
Aol olsted A& 4 dem, Mol vie 40(10Dg)l Attt 2§92 (ligating
atom)7t F — O — NZ W@ @2 2= A7|(field strength) 27} 42 1}
F(em )= W &cH(Desreux, 1980).

Cr(l) M (g ~HAEF EA Ao configurational interactions 22§ °F. 41:’

2] W4 (Fig.6)7} Tanabe-Sugano diagram( @® ©]-&:Fig.7)-& mejstd c}gx}
< F8% d-d Aol & Y $ i}
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[ cis-C{T(5,57,12,12,14-hexamethyl-148,11- tetraazacydotetradecare)(Lajn|QC: (n = 1 or 2§47 44 11

Frequency(cm™)
10000 20900 30000 40000

L4 CT T
vy V2
(a)
CT
log e
ol vi va
(b)

200 300 400 500

KJ mol™
Fig.5 Spectra of three chromium(!ll) complexes : (a) [Cr(en);] ** : (b) [Cr(OX)3) > : (c)
(CrF®) 3 ; %1 corresponds to 4s : CT=change transfer band.

80 AT" ZAzg
Mixing 10 7 2k,
i
o— . ‘Tig(P) 60 ,// Arrg "
I A [0
50 4 /,:;-"/ ‘T
158 "'_‘F— \_\ . 40 / [;v/ o
J /0640 Tig(F) i / 4 2
¥ S S a 0 /4 T
P AP A
‘ 1240 0240 162—0 // ’E:
g 0
‘A
B U
Fig.6 Splitting of ‘F and ‘P terms in an Dy/B
&, /B = 450

octahedral field. Note mixing of

“T.g terms Fig. 7 Tanabe-Sugano Diagram of d°
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!
-
3

b (F)
(F)
(P)

A (F)

l
=5

!
=

£ AgeE Crln(H0)2)*" o1&
OH. mal, Br. 1‘. 82032. NCS. ox)E
(CrLm(La)a) " (n 2)& °éain} ol5 AZd Uy FF2HEY(Fig 101D °l
&) 3} 7] Hﬁﬂﬂ Oh FH Nz Atz A¥EY(Fighs TR, vl ddshes &5
u] = A sle] EA-el(CT tlan51t10n)°ﬂ o] 3 %"éiﬂ-?ﬂ g Zlolth, v ol Adte A
o)2 A2 Y W, ¥ AT HE4Y Aor 49 = o) st A
A7) (field strength) &4 24 ¥33AH 74]°é—°a‘ At g3 Zoh(Sessler,
1993).

tlo

22AE 8o GO AL O F.
2 E4 A A A o6ulgl s d AE,

F (C = Br (T (S0 ( OH ( HO { mal = NCS

guid oz ddAd gle TRSSHALT Hold =ol oleh. oy chekyt Bl=
(mal. ox, $:05", INEe] Cth(La)] -%—% 4% o 72 Wash deld 5 A
7 welct a3, £ A= AE AAZI(I0DE = olgt W= H #A
w2 (Jaw of average environment: An = (1/6) nde* + (6-n) 4°). MAB-)E &3l
o 7] w&olrct.

9. pH Wistel] @& (CrLa(OH))" ¥ EY W

:'\"..'
)

Fig.8& pH #3le] ot & A& srdede Jebd Aoz MW Fo F
M welshd PRE o] A%l (Crlm(H:0)2)", (Crlm(110)(OH)*. (Crlm(OH)2)” A
o]le ~AdEYL 2tz pH = 2, 5, 94 2 Zolth, 2dl, ML #Heo]g Fol
=3z ZAQsE pH BUS 47 f8l sHerEe X & (distribution diagram)& *
Ao} PcHFig9). ol cis-(CrLm(H20)2)>"  #te]&-9} Absfel4t+(acid dissociati-
on constant)E J. Eriksen & O. Mdnsted7} @& -logKi = 3.331%0.012. -logKe
= 7.01910.014% ol 454t £ A7 F2¥ Hol Zo) Qg EEXEE 1
slul pH<L 3544 = [Cer(H20)2]3+. 3.5(pH(T el = [Cer(HzO)(OH)]2+
pH>7 oA = (CrLn(OH)2)* #olgo] F8% 38F A& & sk, A
(CrLe(H0)2)* 23 &2 e7=(Le CI. F. OH. mal, Br. I'. 8:05". NCS.
ox)E HHEAA (Crlm(La).)’e €4Y o £49 pH=2 HE=d =7t A st
(Turonek. 1995).
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( cis-Cr(II(5,57,12,12,14-hexamethy}-1 48, 11- tetraazacyclotetradecare(LajnAQ, (n = 1 or 2) 4T+ 4174 13

0.800
(CrLa(110)1"
{CrLa(iI:0)(OI1}"
.:E‘ {CrLa(OH))
__U
Z 0.400
QL
g
]
£
S
L
<
0.000 \
300 ‘400 500 600 700
Wavelength(nm)

Fig.8 UV-Visible absorption spectra of [CrLm (H,0)*, [CrLm(H,0) (OH}]* and [CrLm (OH),]".

1.0

1
i
[
:
i

0.9

o8 {1 !>

0.7

0.4

03

0.2

0.1

10 11

Fig. 9 Distribution diagram of chemical species ( [CrLm(H,0)]*, ([CrLm (H,0)
(OH)]*, ([CrLm(OH),)". Acid dissociation constant is used -logK, = 3, 331t

0.012, -logK, =7.019t0.014 by J. Eriksen & D. Mgnsted.
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0.800

[CrLa(CI}ICI

A max © 570.0nm
& (CrLa(OH))*
© : A max : 531.6nm
=
T
§- 0.400
o
2
£L
<

(CrLa(F)]’
Amas : 614..0nm

[Cri.m(mal}])’
Ames © 527.0nm

0.000 -
300 400 500 600 700
Wavelength(nm)
Fig. 10 UV-Visible absorption spectra of [CrLm(Cl),JCI, [CrLm(OH),}",

[CrLm (F),)" and [CrLm{mal)]".

1.500
[CtLa(Br)] .
A max : 570.0nm
'E
__U
2
2 0750
e [CrLa(Dal"
5 -ax - Onm
"
< ]
- D
[CrLa(S:07, o6 onm
[CrLa(NCS)]"
A max % 526.0nm
0.000
300 400 500 600 700

Wavelength(nm)

Fig. 11 UV-Visible absorption spectra of [CrLm(S,0.)]", [Crbm(D),]", [CrLm
(Br).}° and [CrLm(NCS).]".
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{ cis-Cr{MD)(5,57,12.12 14-hexamethyl-148,11- tetraazacydotetradecare)(LajnjACGy (n =1 or 2) §h4 A3 15

3. (Crlm(La)a)ClOs 2HE2] AFAHETY

E Ayl §A4T (Crlmlle)a)ClOs 2HE2 HeFAHEZNA m/e T0peaks ‘CrO
+ 2H)'2 A= 1, (CiCisHoNs)", (CrCieHnNs - CHs)" ol #33t= peaks 72
m/e 330, m/e 315914 FAgct ez, drol o] (counter ion)dl ClOs7F AMAS
(Crlm(La)a)” peak7} ®-R}o]€ peak tAlel] vpebupbedl 1 24 [CrLF2)"(Fig.18)
peakt m/e 37404 A& F vl Fig.l6dld H2o4F mfe 590 peake
(CrCieHsNyl2) ol sl2€ ., Fig.15914 m/e 415, m/e 496 peak= Z+7
(CrLBr)”, (CrLBro) "ol Ar=dgtt}. o] wl m/e 496 peakt BrEsida vl && | &%
m/e: 494: 496: 498 = 1: 2! 1§ UFAA Fo

FITeLETZT YdRAt:§7-5 Hat Daf 0725 Kcqr2I=Nov-1994714588:57 "54; 27 TRl TLELIT T
[705Q E1+ Magnet BpM:70 BpI:17711040 TIC 427808256 Flags:MALL
File Text:khsc/$5-2
1006 70 ~1.8E7
95 £ 1.7E7
vol Q2 ? 120-140°C 17 ). 6x7
HOC—CH;—C—OH —————— COxg) + CH;COH
$3 no solvent 1. 587
80 1. 427
330
75 F 1,387
703 E 1.2€7
€5 1,287
60356 E1.1E7
53§ 9. 786
50 [ 8. 926
433 Lo oe¢
403 £ 7. 186
66
35 6226
30 5,326
25 4. 4E6
20 £ 3. 5E6
15 a3 0 2. 7E6
10 ferL( ' 1. 886
299 -
s z“zsgzn CHsC-0)s] m
J 1|| y
$0 250 Jéo "z

Fig. 12 Mass spectra of [Cer (mal)]",
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FiTe TEYY Ydent:37-7 War Def U.25 Xcq:25-001-19947 1327741 #1709 Cal - LETI Y
7050 T+ Magnet 2pM:10 Bpl: 17283072 TIC:261701408 Flags:HALL
File Text:KBSC/6-1
1008 70 1.7E7
95 ] 1 6e7
90 1,687
s 36 1. 567
803 t 1. 4E7
00 Q
753 (] 150-160TC [ E1.3E7
10 -C- > C01(g) + H-C-OH —> €O + H0 1267
E no solvent formic acid 3
653 1,187
60 83 1.0E7
ss ] 9. 5E6
50 ls.6c6
4s] 7. 0E6
40} 127 6. 956
108
3s] "™ . 0E6
30] 5. 286
253 i ba.3E6
20}  3.5E6
15] t2.¢e6
154
10 . 330 [crL(co) + 2H)' proTEe
s 263278 N Es.6es
318 366 02
LN 1
w0 100 130 140 160 180 200 220 240 280 260 380 370 3lo 3bo 380 abo 2o 4do u/z
Fig. 13 Mass spectra of [CrLm{ox)}"
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Fig. 16 Mass spectra of [CrLm(i),]".
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