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Summary

Proton and carbon-13 data of (CH;);SnX, [(CH3)3CCH2]3SnX (CHa)anX
[(CH;);CCH,1:PbX,; and (CH;);CCH,HgX, where X = Me, Et, i-Pr, t-Bu, neo-Pent,
CH=CH,, Cl, Br, 1, or OH, are reported. The effects of electronic and steric .
factors on 'J(MC) and 2J(MH) (M = Sn, Pb, and Hg) have been studied. Linear

relationships exist between 'J(MC) and’ zJ(MH) ‘These relatlonshlps are dlscussed
in terms of the mechanisms of the coupling constants:

The understanding of the mechanism of heavy nuclei spin—spin coupling
with directly bonded carbon-13 and with geminal protons (M—C—H) isof * -
interest particularly to gain insight into the bonding and structure of organo-
metallic molecules. Although several studies describing substituent effects on
geminal tin—proton, lead—proton, and mercury—proton coupling constants
have been reported in the recent years relatively few reports are available on the
corresponding one-bond metal—carbon coupling constants. In this paper, we
report M—C and M—C—H coupling constants of trimethyl- and trineopentyl-tin
and -lead derivatives and neopentylmercury derivatives and discuss them quali-
tatively in terms of the relative importance of their mechanisms of couphng '

Accordmg to the theory of spin—spin interaction developed by Ramsey
[11, coupling is determined by the sum of three terms: (1) the Fermi contact;

(2) the mteractlon between the electron spin and the nuclear dipole, J (dlpole),
and (3) the interaction of the magnetic field of the nuclear dipole with orbital .
magnetic moment of the ‘electron, J(orb): The contact term is usually considered
to be dominant in the coupling between directly bonded nuclei [2,3]. How-.
ever, the other terms, particularly the dipole term can- make sxgmﬁcant contn- :
butlon to one-bond metal—carbon couphng : : : S

* Conuﬂquhon no. 2155. -



252
Results

Tables 1-4 list the 'H NMR data of tin and lead compounds, R;MX (R =
CH,;, CH,C(CHj)3). The spectra of the compounds with X = alkyl and vinyl
were run on pure liquids as well as in deuterochloroform (1/1 by volume), and
no concentration effect on !'”!'°Sn—'H and ?°’Pb—'H coupling constants was
detected. Also in the spectra of (CH;);SnCl and (CH3);SnBr, measured at 0.1-3.0
M concentration rarige in CDCl;, no coricentration dependence of the tin—pro-
ton coupling constants was observed. Our values were essentially the same as
reported by Lorbeth and Vahrenkamp [4]} at ~0.25 M concentration in CCly.
However, lead—proton coupling constants of trimethyllead halides increased
with concentration (see Table 3). The increase in 2J(PbH) is attributed to the
self-association of these compounds in solution. No concentration effect on
the terminal lead—proton coupling was noted in trineopentyllead halides and
hydroxide.

The 3C NMR spectra of tin, lead, and mercury compounds were also run
in CDCl;. The pertinent data are listed in Tables 5, 6 and 7. Mercury—carbon
coupling constants particularly 'J(HgC), like 2J(HgH) [5], in neopentylmercuric
cyanide, chloride, and acetate show considerable concentration dependence.

LH(PbC) and 2J(PbC) in hexaorganodilead. McFarlane et al. [6], determined
the lead—carbon coupling constants of hexamethyldilead by heteronuclear
magnetic double resonance and, surprisingly, assigned the larger coupling con-
stant (+92 Hz) to 2J(PbC) and the smaller (+28 Hz) to J(PbC). By comparison,
in hexamethylditin 'J(*'°SnC) (—240 Hz) is numerically considerably greater
than 2J(*'?SnC) (—56 Hz) [7]. The negative signs of these couipling constants
are due to the negative magnetogyric ratio of 1198n. (Note: For convenience,

TABLE 1
PROTON NMR DATA OF TRIMETHYLTIN COMPOUNDS, (CH3)3SnX

CHj
X 5(CH3) 25(117SnH) 2y(119snH) Lyd3cHy) X
(ppm) 2 (Hz) (Hz) (Hz)
Me - "0.07 {271 52,0 {271 54.3 [27] 128 [28]1
Et 0.03 [271 50.5 [271 52.8 [27] ) »
i-Pr 0.00 48.6 N ' 50.8 128 8(CH3), 1.18 ppom 9;

3J(117snH), 70.2 Hz;
3J4(119spH), 72.7 Hz

t-Bu 0.00 48.0 50.0 128 5(CHg3), 1.08 ppm %3
3J(117snH), 62.8 Hz;
35(119snH), 65.5 Hz

CH=CHa2 0.13 : - 63.5 56.5 - 129

Sn(CH3)3 0.32 = .. -46.4 _ 485 . 128
a 0.61 [4] 55.7[4]1 . 581[4] - 133
Br 0,73 [41 55.2 [4] 57.8 [41 - 131
I 0.88[4] . 54.7[4] © B7.2143 . g
oupb. 0.37 59.0°€

.G.Pownﬁeld from i.nte.tnai TMS. ¥ About 0.5 M in CDCl3. € 1178n and 1198n satellites unresolved.
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TABLE 2
PROTON NMR DATA OF TRINEOPENTYLTIN COMPOUNDS, [(CH3)3CCH213SnX

X 5(CH,) 8(CH3) = 2J(117snH) 25(1195nH) 4J(SnH) 17(13CH,)
(ppm) ¢ (ppm) ¢ (Hz) (Hz) » (Hz) (Hz)

CH>C(CHa2)a 1.20 1.02 46.8 49.0 ~2.7 126

Sn[CH,C(CH3)3]3 1.40 1.00 41.0 43.0 ~2.4

ci 1.55 1.06 47.0 49.0 4.0

¢ Downfield from internal TMS.

the signs of 'J(MC) and %J(MH) coupling constants have been disregarded in
this paper).

Our present study with neopentyllead compounds indicates a possible
need to interchange the assignments of the lead—carbon coupling constants in
hexamethyllead. For example, in hexaneopentyldilead, we have measured and
assigned 58 Hz and 19 Hz to J(PbC) and 2J(PbPbC), respectively, on the follow-
ing basis. A comparison of J(PbC) and 2J(PbCC) in the other neopentyllead
derivatives (Table 6) indicates that the former coupling is usually several-folds
greater than the latter. The ?J(PbCC) in hexaneopentyldilead is 24 Hz, which
means the assignment of the 58 Hz coupling to 'J(PbC) is more consistent with
the trend than if it were assigned the smaller coupling of 19 Hz. Likewise, in
hexamethyldilead also the larger lead—carbon coupling probably belongs to
1J(PbC) and the smaller to 2J(PbPbC).

{continued on p. 257)

TABLE 3
PROTON NMR DATA OF TRIMETHYLLEAD COMPOUNDS, (CH3)3PbX

X CH; X
5(CH3) 2J(PbH) 1y(13CH3)
Me 0.74 [25] 61.8 [25] 134 128]
Et 0.67 56.4 5(CH3), 1.42 ppm %; 3J(PbH), 151.4 Hz
i-Pr 0.67 51.3 5(CHa), 1.43 ppm %; 3J(PbH), 150.5 Hz
neo-Pent 0.72 [251 55.5 [25] 134 L
CH=CH, 0.77 65.0 135 . J(HHggne), 19.8 Hz; J(HH, i), 12.2 Hz;
. J(HHgo1n), 3.0 Hz
Pb(CH3)s 0.97 416
2M 0.2M
Cl 1.60 76.0 66.0 70 [291
Br 1.67 1720 64.0 . 68 [29]
1 1.83 . 64.0 63.0 63 [22]

OH 1.63 [29] ) 176 [291]

@ Downfield from internal TMS,



" TABLE 4

’

PRQTON NMR DATA OF TR!NEOPEN’I‘YLLEAD COMPOUNDS, {(CH3)3CCH)3PbX

. x

CH3C(CH3)3 -, X
6(CHj) 5(CH3) 2J(PbH) 4J(PbH) 1J(13CHy)
(ppm) 9 (ppm) ¢ (Hz) (Hz)y ° W2y _

" Me 1.65 {251 0.98 [25) | 40,6 [25] 5,6 [26] 132 5(CH3), 0.81 ppm %: 2J(PbH),
| . o ' 44,2 Hz {25}
Et 1.67 {25) 1.00 [25] 36.4 [26] 5,6,025] - (261
i-Pr 1.68 [26] 1.00 [25) - 32,6 [256] 4.6 [25] [26)
t-Bu 1,78 (26] 1.02 {251 27,5 {261 4.6 [26] 126]

" neo-Pent ., 1,78 [25) 1.02 1251 33,8 [26] 5,3 [26} 131 .

CH=CH; 1.76 1.01 42,0 5.8 ‘ J(HH{pgns), 1.6 Hz; J(HH ), -

e , 16,6 Hzi J(HHgep,), 4.6 Hz .

 Ph(neo-Pent); 2,01 [24] 1.03 [24] 19.8 [24] 5.0 [24] i .
cl- L 2.46 (241 1.12 [24) 30,0 [24) - 8.0 [24]

Br. ' 2,53 [24] "1.11 [24] 28,0 {24) 8.0 [24] . 136
1 2,70 . 1,11 26.0 7.1
on 2.18 1.10 37.6 1.4

9 Downfield from internal TMS. -

- pez
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CARBON-1 3‘ NMR DATA OF TIN COMPOUNDS,; R3SnX

73

§ i 23
X R CH3 CH,C(CH3)3
Concentra- §(C) 19800y  §(C(1) 5(C(2)) 5(C(3)) 15(1198nC) 2J(SnC)  34(SnC)
tion In (opm)®  (Hz) (ppm) 9 (ppm) ¢ (ppm) @ (Hz) (Hz) (Hz)
cDCly o : :
Me' ot U Me ‘ "' 887.8[30]
., 'CH=CH, Me 1t 10.0¢  353(337) ¢
Sn(CH3)3 Me . ‘ L2400
o o Me aM 0.7°  379(366) 9
Br Me 3M "0.8°  385(349)9
‘neo-Pent neo-Pent 0.5 M 3.3 32,5, 33,8 302(200)¢ 1p€ 32¢
Sn(neo-Pent)3 neo-Pent 0.2M " .83.8 32,6 33.9 222(212)‘.’ _299
a. neoPent  0.5M 40,6 82.3 - 33.2 327(312)9 - 24° ‘42¢

@ Downtield from internal TMS, ® By volume, ¢ Upfield from internal TS, 4 Values in parentheses are 1(1173nC) coupling constants, € 117Sn and 1198n

. satellites unresolved,

‘TABLE 6

CARBON-13 NMR DATA OF LEAD COMPOUNDS, RyPbX !

v - : Iy : 1 23
X R. CHj3 CH,C(CH3)3 -
T Concentia- §(C) L1(Phe) 5(C(1)) 5(C(2)) 5(C(3) - lxPbC) 2J(PbC) , A (PbC)
. tion,in - (ppm) @ (Hz) yepm) ¢ epm)®  (ppm)? (Hz) (Hz2) . (i)
cDely : . .
S Me : Me., . C . 261 171
. CH=CHy © Me;., . . 1nb 3.0¢ . 219
CPB(CH3)3 . Me S 92d
B ooocoocs. o Me, . U 02M . 1152 | 246
-/ CHaC(CH3)3 * Me oant 3.0° 104 30.6 33.1 33.1 338 37 61
C Men : neo-Pent 1nb 1.3 98 418 33.4 33.4 222 84 51
neo-Pent . neo-Pent 1.0M 43.7 33.7 83.7 168 33 48
6H=énze ' aeo-Pent 1n? 44.4 33.1 33.5 241 ’ 54
' Ph(neo-Pent)3” neo-Pent  ~03M¥%. 46.6 34.0 34,0 - 58¢ 24 40 .
B neo-Pent 0.6 M 61.3 349 33.4 133 84 66

i a Dowriﬂeld from internal TMS, ® By volume, ¢ Upfield from internal TMS. ¢ See text for assignment of these values, © 5(C(4)), 151,1 ppm %; 6(C(5)),
1806 ppm®. '2J(PbPbC), 19 HzY, ¥ Saturated. ‘ ‘

98z



TABLE 7. . ' '
e ; . 3 21 .
CARBON-13 AND PROTON NMR DATA OF (CH3)3CCHyHgX

963

IR

X . Concentration  5(C(1)) 5(C(2)) 6(C(3)) LI(HgC) 2J(HeC) 3)(HgC) 2(HgH) b
: in CDCly (ppm) ¢ (ppm)?® . (ppm) @ (Hz) (Hz) (Hz) (Hz)
" Me : 62,60 38,3 35,2 690 (6] 30 [5] 102
. neo-Pent 1/1¢ . 63,0 -, 339, 35,7 . 690 .29 12 94
CH=CH, 65,7 . 331b 356% 820 5] . 81([6) 109
CN BM 417Y 33.2% 347 1404 [6] 51 [6) 120061 . 180
L M 477 33,3 34.6 1374 118 17
2M 47.8 33.4 347 1362 117
M. . . 174
omd 1380 178
a BM 52,7 b 33,4 34.2b 1614 (6} 70 (63 ‘149 [5) 202
. o aM 52,5 34.1 1488 148 199
2M . 26 334 34,2 , 1472 147 ‘
1M ‘ ‘ C 196
omd 1448 103
OCOCH; © BM 46,2 33.0? 33.9° 1563 [6) . 18] 160 [6) 210
o M 482 33,1 33,9 1546 149 208
oM 46.4 33.1 34,0 1529 . 148
1M 205
‘ omd 1608 204
ONO; 0,6 M 469 Y 30.0% 33.2b 85 5] 170 222

9 Downtield from internal TMS, b Calculated from the chemical shifts given in ref, b using CS; chemical shift of 192,7 ppm downfield from internal TMS, ¢ By
volume, ¢ Extrapolated, ¢ The 13CH3 (3 M solution) appeared at 23.9 ppm &,



257

Discussion

Theoretical studies indicate that Fermi contact is the dominant term which
determines the magnitude of geminal tin—proton [8-10], lead—proton [8-10],
and mercury—proton [8-12] coupling constants. Smith [13] extended the origi-
nal valence-bond theory of geminal proton—proton [14] and carbon—proton [15]
coupling to the geminal metal—proton couplinin (CH3),;M (M = Sn and Pb) and
(CH;),Hg. According to his extenswn, a sunphfled Fermi contact term for
2J(M—C—H) can be written as:

Zm*Y (Zu .
*J(M—C—H) = yyya(amo(eno)” ( ) (—-) AE™ )
M np

where 7’s are nuclear magnetogyric ratios, (amc)? and (ayc)? are the fractional
s characters of the orbitals of M and H respectively involved in bonding to car-
bon, Zy* and Zg* are the e_fective nuclear charges of these orbitals, n is the
principal quantum number of the period to which the atom belongs; and AE is
the average energy approximation term. The (auc)?, ny, and Zyx* are equal to 1.

In the trimethyl-tin and -lead series the geminal metal—proton coupling
increases with the substituent electronegativity OH > Cl > Br > I ~ CH=CH, >
Alk. This is understandable from the expected increase in (apc)? and Zy™ with
increase in the substituent electronegativity. According to Bent’s isovalent
moadel [16] the s character tends to concentrate in orbitals directed toward
more electropositive groups. However, this is not so particalarly in the trineo-
pentyllead halides in which the geminal lead—proton coupling constants are
smaller than those in the alkyltrineopentyllead compounds. Although considera-
bly more s character is expected in the Pb—C bonds of the trineopentyllead
halides than of the alkyltrineopentyllead compounds not only because of the
higher electronegativities of the halides compared to those of the alkyl groups
but also because of the steric opening of the neo-Pentyl;Pb group due to the
polarizability of the Pb® *—X%~ bond in the former compounds.

The anomalous trend in *J(PbH) suggests that one or more assumptions -
on which eqn. 1 is based are probably not valid for the organolead compounds.
It is most likely that the AE term is not constant. Carbon-13 data provides more
intimate information on this point. For example, Roberts et al. [17,18], relat- -
ed two-bond metal—carbon coupling constants to two-bond metal—proton
coupling constants by :

2J(MC) = a 2J(MH) - 2)

where a is a constant. Eqn. 2 is a simple extension of the relationship derived by
Karabatsos {15] for hydrocarbon systems (M = H) and can be derived from -
eqn. 1 and a similar expression written for 2J(MC). The average energy approxi-
mation usually holds for hydrocarbons and a = 0.3, 0.4, and 0.61 for sp?, sp?,
and sp hybridized carbons, respectively. :

We have calculated the a values of pertinent neopentyl-tm -lead, and
-mercury compounds (Table 8). In alkyl- and vinyl-neopentylmercurials the a ,
values are approximately equal to 0.3. But they are ‘higher in neopentylmercunc
chlonde (0 35), acetate (0.34), and mtrate (0. 38) which we prevmusly mterpteb- o
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Jllenlsc , Hz:

TABLE 8 )
E a VALUES IN THE EXPRESSION 2J(MC) =a 2J(MH) OF PERTINENT NEOPENTYL-TIN -LEAD. AND
-MERCURY COMPOUNDS .

- Compound ‘a= 2J(MC)12J(M3)
[(CH3)3CCH214Sn . .0.31-
[(CHQgCCl]_fz]aSnCl -0.49
(CH3)3CCH2Pb(CH3)3 0.68

~[(CH3)3CCH213PbCH3 *0.85
[(CH2)3CCH214Fb 0.95
{(CH3)3CCH313PbBr 1.26
(CH3)3CCH2HgCH3 0.29
[(CH3)3CCH2 L Hg 0.31
(CH3)3CCH2HgCH=CH, 0.28
{CH3)3CCH,HgC1 0.35
(CH3)3CCH;HgOCOCH; 0.34 .
(CH3)3CCH,HgONO, 0.38

. ! 1 ' | ' 1 ! i
60+
-
1 -
i JSnC -
‘50—
~ =
=X
= , .
= . .
e .1 Ve
£ sl ,7sn [CHZC(CH3)3]
5 . R ) 3
7
7
L 7
27 7 Nsac = 15.42 Bgpy - 440.92
» :
. s
30 -~
. 7
v
=
I SURRTE MY | R | R S T
'IOO -200- 300 - . 400 -




ed‘m terms of hyperc‘o-mugatwe dmr—pm bond_mg mvblﬂhg éd '01. 6(p +.d)-or-- »; 7
bitals of mercury and the adjacent C—H bonds [5]. However, from the results

of present study of neopentyl-tin and Jdead compounds it appears that the -
hyperconjugative interaction might not be of as much significance as was

originally thought. For example, in trineopentyltin chloride and all the nedp’en-

tyllead compounds, including the mixed methyl-neopentyllead derivatives,

the g values are much higher than expected (0.3-0.4) for any incipient double

bond between the metal and carbon, M===C- - -H. Consequently, the high

values of a can be better explained by a possible failure of the average energy

approximation than by hyperconjugative dm—p bonding alone. From this

empirical analysis of the results in Table 8 it appears that the breakdown of the

energy term (AE) in the neopentyl orga.nometa.lhcs occurs in the followmg

order: Pb > Sn > Hg.

Relationships between *J(MC) and 2J(MH). Lmea.r plots of 1J(MC) VS.
2J(MH) of tin, lead, and mercury compounds are shown in Figs. 1, 2 and 3,

respectively. The relationships of tin and lead compounds when extrapolated
give large intercepts for 2J(MH). McFarlane [19] observed similar intercept for

S FEE .

- 2J207pyy 4 He

N pbv[cHZC(cns)s]s

- » Iprc = 7.94 ZJP-bH - 96.3]

JZO?H,BC 3 HZ

"PbX (A) derivahvw.

100, ‘ 200

7300

.. Fig. 2 Li.nea.t xelanonsmps between !.1(2°7Pb130) and 2J(2°"Pbm in (CH3)3PbX (c>) and [(c' 3 _3ccr12]3-
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Fig. 3. Linear relationship between 17(199Hg!3C) and 25(199HgH) in (CH3)3CCH2HgX derivatives.

2J(SnH) in a series of methyltin compounds and interpreted that one of these
coupling constants receives significant contribution from J(dipole) and/or
J(orb). Most probably it is J(dipole) which contributes significantly to 'J(SnC)
and 'J(PbC) because the dipole term is usually strong when heavy nuclei are
involved.

By comparison, the !J(HgC)—2J(HgH) correlation in Fig. 3 when extra-
polated passes almost through the origin, suggesting that Fermi contact is the
dominant mechanism of coupling between directly bonded mercury and carbon.
In other words, the dipole term makes practically no contribution to 'J(HgC).
This is probably due to high degree of s character (50%) in the mercury
orbitals bonding to carbon. The dipole interaction usually decreases with in-
creasing s character and is zero for pure s orbitals [20].

Experimenfal

NMR spectra. Proton spectra were run on Varian Associates A60 or T60
spectrometer at a probe temperature of 35 + 1°C. The '3C spectra were run on
a Bruker HFX-90 spectrometer equipped with a Digilab NMR-3 Fourier trans-
form accessory. The spectrometer was operated at 22.63 MHz with a time-shar-

-ed deuterium lock on CDCl;, and using a broadband proton noise decoupler to
eliminate **C~—'H couplings. Single coil Fourier transform operation was used
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with exciting rf pulses of about 10 microseconds. The system was operated ,
with an 8192 point data file and 5000 Hz bandwidth. Good spectra were general-
1y obtained with 100D-5000 scans, except that in the case of 8.2 M solution of
(CH,);PbBr 35000 scans were used.

Compounds. Trimethyltin and tnmethyllead compounds used in this study
are known compounds and were prepared by the methods described in litera-
ture [21,22]. Tetraneopentyltin, trineopentyltin chloride, and hexaneopentyldi-
tin were prepared by Zimmer et al. [23], who also supplied the samples used in
this study. Neopentyllead derivatives have become available from our prewous
studies [24,25]. New trineopentyllead compounds prepared for thJ.S study are
described below.

Vinyltrineopentyllead. To a suspension of 5.0 g (0.01 mol) of tnneopen—
tyllead bromide in 100 ml of anhydrous ether at —30°C was added dropwise
during stirring 13.3 ml (0.02 mol) of 1.5 M solution of vinylmagnesium chloride
in tetrahydrofuran. Dry nitrogen atmosphere was maintained throughout the
addition of the Grignard reagent. The reaction mixture was decomposed with
50 ml of ice-cold water. The organic layer was separated and dried over anhydrous
sodium sulfate. The volatiles were removed in vacuo at room temperature and
remaining liquid was distilled under reduced pressure. meltnneopentyllead
distilled at 71-72°C/0.25 mmHg as a colorless liquid n%’ 1.5068. Yield was 3.2 g
(72%). Anal. Found: C, 45.92; H, 8.11. C,,H;¢Pb calcd.: C, 45.62; H, 8.05%.

Its infrared spectrum (neat) showed absorptions at 3040w, 2956s, 2905s,
2866s, 1455m, 1374w, 1352w, 1230s, 1112m, 995w, 925m, and 722m cm™.

Trineopentyllead iodide. A solution of 2.54 g (0.01 mol) of iodine in 60
ml of anhydrous benzene was added dropwise during stirring to a solution of 8.40
g (0.01 mol) of hexaneopentyldilead in 100 ml of anhydrous benzene. Benzene
was removed in vacuo and the remaining solid was crystallized from aqueous
ethanol. Trineopentyllead iodide was obtained as white solid in 95% yield; m.p.
106-107°C. Anal. Found: C, 33.31; H, 5.92. C,sH;,IPb calcd.: C, 32.90; H,
6.03%.

Trineopentyllead hydroxide. To a suspension of 2.74 g (0.005 mol) of tri-
neopentyllead iodide in 50 ml of distilled water was added a solution of 0.40 g
(0.01 mol) of sodium hydroxide in 20 ml of distilled water. The mixture was
stirred for 1 hour and filtered. Trineopentyllead hydroxide was obtained as
white solid in almost quantitative yield. It was crystallized from aqueous
ethanol; m.p. 175-177°C. Anal. Found: C, 41.35; H, 7.52. C,5H;,0Pb calcd
C,41.17;H, 1.717%.

Its infrared spectrum (KBr) showed absorptions at 3200w (broad OH
stretch) [26], 2960s, 2865s, 1600w(br), 1455s, 1360s, 1312m (in plane OH
deformation) [26], 1235s, 1114s, 1100m, 1005m, and 743s cm™*.
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