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Ithasbeenshown~thatMINIXJ3caL 
culations can successfully predict the pathway for the 
fragmentation or isomerisatioo of charged specks. For 
such studies, MIND0 3 is a par&My appropriate 
semi-empirical quantum mechanical method since it is 
speci5udly adjusted to heats of formation data and 
moreover it adjusts the geometry of the specks to 
produce the co&uratioo of minimum kc.alised energy. 

while it is possibk to cakukte the reaction pathways 
for any mokcuk or ion, this requires a not inconsider- 
abk computing time. Thus a more general approach is 
required and for the fragmentation processes in mass 
spectrometry the charge local&ioa concept has been 
widely used. In this approach the charge on the positive 
ion is to be put on the heteroatom. This clearly is in 
contIict with the conventional theories of organic reac- 
tion n&ranisms in which the positive ceotre would 
never be located on the most electronegative atom. The 
present work is thus an investigatioo into the smlctures 
of ions and related molecules to examine thecaarse 
distribution in the ions, their geometry and heats of 
formation and to examine the charge kcahsation concept 
inthelightoftheresults. 

The result.9 of the cakuktions are presented in two 
sections. IO Table 1 the results of the series of specks 
A,A+endANBTCBivenwhileinToMe2thoseoftbe 
specks B, BH’ and BHN. The two series of cakuktkos 
were performed since the specks A+ and BH” had open 
shell colu@mtions. Quantum mechanical cakuMions 
are usually kss successful for such ekctronic cordlgua- 
tions and a comparison of the two series would indicate 
any probkms. A comparison of the results for the 
present c&&tkns shows no sign&am d&epancy for 
the open shell species especiauy with respect to the 
charge distriins and it was thus established that 
useftdcomparisonscouldbemadeontbebasisofthe 
calcuktions. 

The Tabks inch& for each specks, its charge, the 

tPn?senf Jddmu: Depammt of t3kxtly. uaivarity of 
Riyadh.Riyadh,saudiAmbix. 

enthalpy of formation of the gaseous species 
(kcalmol-I), the ionisatioo energy (eV), the charge dis- 
tributionintermsofthenetchargeoneachatomandthe 
diiference in charge between the heteroatom (X) and the 
adjacent carbon atom (C,), Aq(C,-X). Where they are 
available the experimentally determined values of AI& 
are given in brackets. As can be seen the agreement is 
very good. The detaikd geometrically optimised struc- 
ture of each species is given in the Appendix. 

Chage distributions 
It is ckar from tire results that there is a considerabie 

ditference in charge Aq(C,-X) between the adjacent 
carbon atom and the heteroatom (X) in all the species 
listed. The charge on the carbon atom is always more 
positive than the heteroatom (F or 0) which is negatively 
charged even in the dipositive ions. For specks with 
singk bonds between C. and X, and with one heteroa- 
tom, Aq(C.-X) increases somewhat as the positive 
charge increases from xero to two, the a-carbon atom 
becoming more positive with respect to the heteroatom. 
The sixth column of the tabks shows this tendency. 
When the heteroatom is nitrogen, it can have a positive 
charge but this is always kss than that of the neighbour- 
ing carbon atom. 

When the Urn is doubly bonded to the carbon 
atom the polarity of the bond is decreased in going from 
AtoA’but increases again from A’ to A”. 

For heterocyclic compounds for which calculations 
have been performed, furan and pyrrole, there is a 
greater increase in &q(C,-x) as the number of positive 
charges on the specks increases. Again the polarity is 
z Fd,= oxygen or halogen and somewhat less 

In i the compounds calculated to date the C-X bond 
.: a- 

can be best represented by the symbol -C-X and on the 
symbokgy used in the charge localisation concept this 

would correspond to -6--X and not -C-i*. This 
concksioo is supported by the X-ray photoekctron 
~?tudksandC~DO/2cakuktionsofDavks 

moe m the ground state and by 
simikr work of Ohta d al.’ for hydroquinone. . 

It is clear that the charge distributions are dominated 
by the conventional ideas of ekctronegativity and bence 
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Table 1. 
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PI, -0.3279; Cb 0.4711; c,. -0.231s; It& o.oTo8; Ii,, -0.0366; rt, 0.0541 
(AI% - -29-s (-28.0); LP = 10.03 (10.3); Aq(c.-x) = 0.80) 

F,. -0.15% C2.0.6493; C,, 0.1178; II,, 0.1527: H,. 0.M I&, O.l3!%l 
(AH,= 189.1; LP. - 13.3; Aq(C.-X) = 0.79) 

P,. -0.0063; C2.0.8710; C,, 0.3527; II,, OZSI; HI. 0.271% I&, 0.2553 
(AH, = 5633: 19. = 27.0; A&.-x) = 0.88) 

P,, -0.3520; C2. 0X59; F,. -0.3519; C,, -0.4365; HI. 0.1734; I&, 0.1072 
(AH,= -86.1 (-805); I.P. = 10.2; Aq(c.-x) - 0.73) 

F,. -0XMZ C2,l.@XX$ F,, -02010; C,, -0.0011; H,, 0.1734; I&, 0.1733 
(AH, = 136.8; IS. = 13.6; A&.-X) = 0.79) 

F,, -0.0505; C,. 1.1315; F,, -0.0489; C,, 0.4975; H,, 0.2353; IQ, 0.2350 
(AH, = 542.3; 1~. = 26.6; A&.-x) = 0.83) 

0,. -0.3111; C2, 0.2288; C,, -O.lm, C,, -0.1082; C,, 03288; H‘, O.OOtQ H,. 0.0268; It,, 0.0268; H,. 

fbi -8.03 (-8.3): I.P. = 8.1; Aq(C.-X) = 054) 

0,. -0278; Ch 0.4528: Ca, -0.0368; C,, -0.0362; C,, 0.4532; H‘, O.looo; H,, 0.1221; Il., 0X18; Hh 
0.1001 
(AH, = 173.0; IS. = 11.2; Aq(c.-x) = 0.73) 

0,. -0.2880; C,. 0.7332; C,, O.oo50; C,, 0.0077; CI. 0.7329; H+ 0.1875; H,, 0.2170; H,, 0.2170; HI. 
0.1876 
(AH, = 5lx.8; LP. = 22.8; Aq(c.-x) = 1.02) 

N,. O.ORI8; C2, -0.0283: C,, -0.06.55; C,, -0.0615; C,, -0.03#); lQ, O.o#w; H,. 0.0155: Hs. 0.0126; Ha, 
0.0226; H,,, 0.0355 
(AI& = 29.2 (X6): 19. = 8.2(8.20); Aq(C.-N) = -0.11) 

N,. 0.0488; C2, 01104; C,, -0.0068; Cc -O.OUEt C,, Om, I&, O-0%8; H,, 0.1110; H,, 0.1070: & 
0.0991; Hm 0.1346 
(AH,=205; IS.= 11.0; Aq(C.-N)=O.l6) 

N,. -O.OO& C2,O.SlSs; C,, -0.06% C,, 0.1667; C,. 0.1061: I&, 0.1663: H,. 0.2lS9; I& 0.1864i Ha 
0.1874; Hm 0.2278 
(AH, = J3&2; I.P. = 219; A&-N) = 052) 

H,. 02423; 4. -0.Ul9; C,, 0.3155; C,, -0.0647; H,. 0.0228: C,, -0.1095: H,. 0.0157; CI. 0.3177; 4. 
-0.4401; H,,, 02c(o; C,,. -O.Os#); H,% 0.0129; C,,, -0.0937; H,,, 0.0180. 
(AH, = -82.2(-70.8); I.P. = 7.9 eV; bq(C.4) = 0.76) 
H,. 0.3017; 4. -0.uo6; C,, 0.m C,, -0.0211; H,. 0.0879; C,, -0.0833; H,. 0.0840; C,, 0.4726; 0, 
-0.3423; H,,, 0.3014; C,,. -0.0201; H12, 0.0911; C,,, -0.0836; H,,, 0.0&M. 
(AH, = 85.0; I.P. = 99; A&-O) = 0.81) 

H,. 0.3% &, -0.2125; C,, 05872; C,, 0.0355; H5. 0.1546; C,, -0.O749i H,. 0.1556; c, 0.6251: 4 
-0.2313; H,a 0.3487; C,,, -0.02lJ; H,,, 0.1560; C,,, -0.02% H,,. 0.1514 
(AH, = 3819; LP. = 20.4 Aq(C.4) - 0.m) 

F,, -0.3335; Ch 03%4; C,, -0.0769; H,, 0.0466; C,. -0.0761; Ii,, 0.0426; C,, 0.3942; F,, -0.3304; G 
-0.0753; Hm OM C,,, -0.07% H,> 0.0448 
(AH,= -69.1 (-73.3); I.P. = 8.9 (9.15); Aq(C.-Fl- 0.73) 

F,. -0.2157: Cz OJ698: C,, -0.0488; H,, 0.1233; C,, -0.0485: H,, O.llm C,. 05666; PI. -02M6; c+, 
-0.0534; Hm 0.1161; C,,, -0.0442; H12, 0.1232 
(AH,= 125.0; I.P.= ll~.ls); A@.-F)=o.79) 

F,. -0.0863; C2. 0.m. C,, -0.0195; H,. 0.1899: C,, -0.m H,, 0.1937; C,, 0.7517; F,, -0.0829: c* 
-0.0288; Ha 0.1%84; C,,, -O.OlaD; H,2.0.1937 
(AH, = 449.3; LP. = 21.4; Aq(C.-F) = 0.83) 

0,. -O.luB; C> -0.0317; C,. 0.0204!+ N,, -0.19u; H,. 0.1137; Hr. 0.1712; H,. -0.0917; &, -0.0744; 
& -0.6tllo; H,,, O.O55z;.H,,. 0.0509 
(AH, = -a> IS. = 7.7; Aqc-0) = 0.091; Aq(c-N)-= 0.40) 

0,. -0.1680; &, 0.2377; C,, O.l287; N,, -0.0831; HI. 0.280; H‘, 0.2347i H7.0.0011; Hk 0.0383; Hh 
0.0545; Hlo. 0.1114; H,,. 0.1151 
(AH,= 1500A; IS. = 10.1; Aq(C-0) = 0.41; Aq(C-N) = 0.21 Ckmctry clm& 
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Tabk 2. (Cont.). 
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O,, -0.2100; Cs 0.6428; Cg, -0.1848; H,, 0.1997; H,, 0.19%; & 0.3526; 
(AH,- 160.1: LP. = 17.0; Aq(C-0) = 0.85) 

O,, -O.looo; CI, 0.8%8; C,, O.lm H,, 02684; H,, 0.2674; H‘, 0.5074 
(AH, = 530.7: LP. = 19.6; Aq(Ca) - 1.00) 

O,, -05412; 4, -0.4992; C,, 0.8564; & 0.2699; Hs, 4.0859 
(AH,= 88.8 (-90.6); 1.P. - 11.2(11.1); bq(C,=O,)= 1.40; Aq(C,+)= 1.36) 

0,. -0.3739; 4, -0.3223; CI, 0.9099; I&, 0.3585; Hs. 0.0634; & 0.364s 
(AH, = 85.1; I.P. = 19.5; Aq(Cpo,) = 1.28; Aq(Cr4) = 1.23) 

0,. -0x61: 4, -0.1820; C,. 1.0199; H.,. 0.W HI. 0.3473; rt, 0.4877 
(AH, = 514.2; I.P. = 22.0; Aq(Cpo,) = 1.18; AqG-OJ - 1.20) 

0,. -0.44S7; Cz, -0.4W; H,, 0.W. H,, -0.0959; & -0.0449 
(AHff -50.6 (-48.1); I.P. = 11.1(10.9): Aq(C.-O)=O.88) 

O,, -0.21% C2tO.3181; H,. 0.3605; I&, 0.0466; HI. 0.0747: I&. 0.0563; H,. 0.3603 
(AH, = 137.2; I.P. = 19.0; Aq(C.-o) - 0.54) 

O,, -0.1534; C2,0.4554; H,, 0.4617: H.,, 0.2321; H,, 0.2798; I&, 0.2767; H,. 0.4477 
(AH, = S4S.R I.P. = 20.4; Aq(C.-O) = 0.61) 

O,, -0.4654; Cz, 0.6170; H,, -0.1416; C,, -0.a Hr. 0.2170; H,, 0.0208; H,, 0.0134 
(AHf = -43.8(-39.7); I.P. = 10.3(10.28); Aq(C-0) = 1.08) 

0,. -0.m; C1, 0.67M; H,, 0.0615: C,, -0.1320; Hr. 0.0988: 4 0.1298; H7vO.1129; & 0.3% 
AH, = - 124.6; I.P. = 18.3: Aq(C=O) = 0.94) 

O,, -0.1471; CI. 0.6667; H,, 02006; C,, O.qoOa; Hs, 0.3366; I&, 0.2403; H7,0.2958: IL 0.4064 
(AH, = 529.8; I.P. = 19.9; Aq(C+o) = 0.81) 

0,. -053300; Cz, 0.8305; 4. -05119; CL -O.llU; H,, 0.03J7; I& 0.0247; H7, O.oQB9; HI, 0.2575 
(AH, = -101.7(-103.3); I.P. = 10.7(10.35); Aq(Cfo,)= l.#; Aq(C&) = 1.34) 

0,. -0.3703; C&, 0.9066; O,, -0.4179; C,, -0.1338; H,, 0.1162; It. 0.1103; H7.0.0941; II,, 0.3465; Hs 
0.3483 
(AH;= 55.7; I.P.- 18.4; AqQO,) - 1.28; Aq(C$,)= 1.32) 

01, -0.2684i Cz, 1.0092; 0,. -0% C1.6lU43; H,, 0.2238; It. 0.2312; &, 0.2197; H,, 0.4527; H* 
0.4388 
(Ai& - 457.7: I.P. - 20.0; hq(Cpo*) = 138; Aq(C&) - 1.31) 

0,. -0.4057; Ca 0.4293; Ca, 0.4292; H,, -0.0473; HI, -0.0901; & -0.0%89; HT. -0.0892; I& -0.0472; 
& -43.0901 
(AH, =, -42.7(-44.0); LP. = 105( 10.0); Aq(C-0) = 0.84) 

0,. -0.1967; cI, 0.2661; c,, 0.32%; H,, 0.0950; Hs. -0.03u; Ii,, 0.1039; H7.0.0116; Ha, 0.0282; Hs 
0.0472; H,,, 0.3252 
(AH, = 190.6; I.P. = 15.8; Aq(C-0) = 052) 



Charge dismbutions in mokcuks and ions 

Tsbk 2 (CON.). 

2187 

” H 
H\I/ 

c\ 
BHN 

/O 
- HI, 

O,, -0.2189; Cz. 0.2999; C,, 0.4977: H,, 0.2739; I&. Oa53; H‘, 0.2W H,. 0.1227: H.4. 0.1017; HR 
0.0881; HIG 0.4236 
(AH, = 534.1; I.P. = 18.5; Aq(C-0) = 0.72) 

0,. -05015; Ca 05660; C,. -0.0664; C,, -0.0667; H,. 0.W; & 0.0230; H,. -0.0120; H,, 0.0242; Hs 
O.MlZ; Hm -0.0112 
(& = -52q-51.9): I.P. = 9.91992); Aq(C=O) = 1.07) 

O,, -0.3304; C&,0.6646; C,, -0.0958; C,, -0.1356; Hr. O.lOM; I&, 0.1015; H,. 0.@37; H,, O.lou; Hp, 
O.lm H,R 0.0746; H,,, 0.3244 
(AH, = 1032; I.P. = 17.4; Aq(C-0) = 0.99) 

O,, -0.2521; C~,O8034; Ck -0.0357: C,, -0.W H,. 0.1813; & 0.1819; H,, 0.1510; H,, 0.1945; HP, 
0.1887; H,,, 0.1518; H,,, 0.4602 
(AH, = 484.6; I.P. = 19.2; AQ(C=O) = 1.06) 

by the effective nuclear charge of the atoms of the 
specks. This is consistent with the theory of organic 
tea&on mechanisms but is not consistent with the 
charge locak3ation concept of mass spectrometry. 

oxygal collGling spcciu 
In many of the specks where oxy*n is the beteroa- 

tom it will be noticed from the tables that the charge 
distriition on the A’ and BH+ specks show some 
diflerences from tbe correlations discussed above. For 
the protooated species B, BH’ and BH* tbe u-carbon 
atom is always more positive than the heteroatom. 
However, on proton&ion of the heteroatom (oxygen) in 
forming BH+ from B, there is a reduction in the polarity 
of the C-X bond. 

This is accompanied by a large degree of positive 
charge remaining on the proton which is attached to the 
heteroatom, giving a charge distribution which can be 

a+ 8- ,+ 
represented by -C-O-H. This is a particularly stabk 
arrangement and this conclusion from the present work 
is supported by that of Hopkinson and Csixmadias using 
ub i&o calcuktions, and by Ohkubo et al.” who used 
INDO calculations. Again the governing principle is the 
effective nuckar charge of the competing atom. The 

H. 
0.96 :, ‘,, 2 . 0 5 

Butanal A*and A*+ Butan-2- 01, A’ and A*+ 

stability of the arrangement is evident in the calculations 
of a number of the A+ and AZ4 species involving oxygen. 
In n-butanal and butan-2-01 the preferred geometrical 
anangements for the A’ and A2’ species are ones in 
which a hydrogen atom has been transferred to the 
oxygen heteroatom. 

The transfer of the H atom occurs with no intervening 
kcalisal minima and occurs during the application of the 
geometrical adjustment minimisation procedure of the 
MIND0 3 cakuktions. 

It is remark&k how much of the positive charge can 
be carried by the hydrogen atoms in the species. The 
result of proton&on of the beteroatom (forming BH’) or 
the transfer of hydrogen atom to the oxygen atom in the 
A’specksisadecrease in the polarity of the c-x bond, 
with the hydrogen atom cmrying a sign&ant positive 
charge of between (l/4) and (l/2). 

Rugmentation procmw in mass spcctrvmdry 
Thehighchargeonmanyoftbehydrogenatomsintbe 

ions, especially on groups such as C-O-H would in- 
dicate H’ elimination would occur in fragmentation 
processes. Such ehminations are not prevalent in mass 
spectral processes and the reason in undoubtedly due to 
the large AHI of H+ compared with the larger alkyl ions. 
The AHr values are compared in Tabk 3. 

The AH, of these ions is so much higher than those of 
the radicals likely to be involved in mass spectral pro- 
cesses, that the AI% of the ions tend to dominate the 
energetks of the fragmentation processes. 

In the charge loc&ation concept no account is taken 
of energetics of the fragmentation processes and indeed 
it would be di5cult to c&date the enthaipies of forma- 
tion of larger specks. Thus this ahemative approach is 
often required and is most useful. It is supposed that the 
ekctron on ionisation is removed from the heteroatom 
since the heteroatom will contain lone pairs of electrons 
which are presumably easier to ionise than bonded ekc- 
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Tabk 3. 

loo II+ cIi,+ + C&S oxhc+ (CH&H C,Hs+ CH& 

AH&calmol-‘) 366 260 219 176 290 2% 169 

Tabk4.AH,offrceredkda 

Radkal H CH, ‘AHHI KHM (CHdzCH CZHS CHflH CH@ 

AHI (kcd mot-‘) 52.1 34.0 2s 4.5 16.8 40.0 -6 3.5 

uons.ThisisofcoursenotahKaystrueasinoneoftbe 
lone pairs of ekctrons on formaldehyde (methanal) 
whkh is mainly 2s in chtwzter. However, while this may 
be the ioitial pro~css. tbae is no nec~s8ity for this 
ekctronk arral&emcot to have any 8igni6Wt lifetime. 
Eketron n-v nts can occur in ahout lo-” s 
which arc over ld times faster than any atom rear- 
raaeement pm== (e.g. fragmentations). Despite the 
colltradktiuo in tams of ekctroncgativitk8, inter- 
mediates with tbc positive charge on the hctcfontom 

(-C& arc shown as intermediates in the mcchankms 
ba.sed on the charge localisation concept which im- 
mediately prccalc fragmentation. Exampks are shown in 
TabIe 5. 

Tabk 5. Intamedii in coovcn&al charge lo&don 
mccllaniamr 

Mokcukrioa Fragmmtioll tn/rvalw. 

CH,-CHdHrC-H &C-H 29 

!I 
+. 

CH,(CH&-CHrCH-GH CHdH 45 

f! HJ A H3 

It has teen shown earlier that the most energetiCally 
St.&k confIguration for a po!3itively ChaQSd bo is not 
tbatwithtbepsitiveclmrgeontbehetaWombutwitb 
itonthecarbonatomadjncenttothch&roatom.Thus 
on the gro~u~is of simple ekctronegativity arg~mcnts and 
8boWn ckarly by the present c&IktbnS tbC latter SF 
ties would he formed rapidly. The co&uratbo present 

Can he fcpresental as -C-&i. The dominant feature of 
thehulkoffragmentatbnproccs8c8i8thcckavagcof 
the~-boodThisisexplaiaedv~simplyootbebasisof 
thecorrectintam4atc Thechargcontheosarhon 
atom has effectively wc&nal tbe &C-C bond which 
becomes the wealrest bond in the ion. 

Preferential ckavage of this bond occur8 with the 
positive charge remaining on the fragment cootaining the 
acarbon atom. 

ThepolarityofthcC-Xbolxldcpcndaoothcnaturcof 
Xandincrrasesinthcordcrhalogeo(P)~O>N.Inthc 
first of tbcsc the c-x bond may be we& enough to 
break but u8uany the -q&,(-X) is dissuciatal pref- 
aeotially 011 mntation. The ~ompetiog c&t8 of 0 
and N arc shown in the calcuktioos oo 2-aminuethanol 
whcrcthcboad/3totheoxygenatomisthewcakest. 

IO tbc ca8e of oxygen containiug compounds such as 
butanal and a&ha& alcohol8 the calcuh&ms show the 
most favourabk conf@atioo i8 where a H-atom ha8 

been tnmdemd to the oxygco atom. This i8 precisely 
what oc& in the McLalfaty-type mment8. 
Before the. c&uktions were performed it was thought 
possibk that the H-atom which could form the 6- 
membard ring with the oxygen atom in the McLaBefty 
formulationwoukl,aswithothuHatomsinthe8cmok- 
c&s, carry a 8ign&aat positive charge. Tbi8 has proved 
tobcincom?ctarsdtbcbestcoIl@u&onofthcpusitive 
ion is where an H-atom is transferred tu the oxy~ atom. 
WhCUthkCCCW8hlalCdMBkthkCankadtothCreadY . . . 
&mmaQonofwatcrwhichchaMe&sthemas8spectra 
of aliphatic alcohul8. 

To8WMWi8citispropO8CdthattbeChaQC~- 
tion concept 8hould be mudii as follows: 

1. In the ion the positive charge should be placed oa 
the acarbon atom. 

2.‘l%c/Mondisthcrcbythcwcakcstintbcioaand 
ckaves. 

3. H-atom8cancarryasignifiCantpositivechargcbutdo 
not dissoCiatc due to unfavounbk encQctic8. 

4. Hydrogen atom transfer occurs to oxygen atoms 
fC8ulting in &Mm Bats in ahkhydC8 
and ketones, and eliminatinn of water in alcohuls. 

The above cakulatiuns support in @Ylcral tam8 the 
comm4?ntsofwilliamsaudEeynoo’astothcgcneral 
IlSCfuhKSS Of the Cbarpe localisation COQCCpt but show 
that the conventional representation8 of charges in ions 
need rcvisioo and tbc true fcpre8cotations iue mart 
con8istcnt with a mokcular orbii coacept sioce the 
charges vary throu&out tbc molecules and ions. 

A&ww&&eme~Ah~~ of us (S.H.K.) ia &ul to the Uni- 
v&tyofRiyadh,SdAnbia(MinieyofHigberEdudo~~) 
for ulpport. 
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DetailaofboDdlengtha(A~Mdwlufatbcgeom-Y 
Llptimu 8mlcmrca. Tbto~oftbeatoolrirgivcoin 
Tabk11d2. 

&wwthy@ (A). CrF,. 1.365; CrG. 1310; CJ-% 1.0% 
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c,-& 1.097: C*H,. 1.098; C&F,. 123.3; C,C& 125.1; 
c&H& 1218; c&H,, 131.3. 

A+ C,-F,, 1.301: CA,, 1.379; C&b, 1.099; C,-& 1.093; 
c&I,, 1.098; C&F,, 1oE.l; C,C& 1223; C,C& 123.5; 
C&H,. 1379. 

A*+ &-I’,. 1 W, Cd,, 1.410: C,+, 1.117; G-t&. 1.109; 
c&I,, 1.117; C,C*F,, 70.2; C,C& 122.2; c,C,H4, 122.1: 
C,C*H,, 169.3. 

LX$wtvahyhe(A). G-F,. t.3ZZ C&Z, 1.306; CcH,. 1.093: 
C,F,. 1.322; CA 1.093; C4C,F,, 135.8; C&H,. 122.5; C&F,. 
135.R c&t& 122.4. 

A+ C,F,. 1.293; C,-C, 1.385; G-H,, 1.101; G-F,. 1.293; 
Cc&. 1.101; C,C,F,, 123.1; C&H,, 121.8; C&F,, 123.1; 
C,C& 1218. 

A’+ CrF,. 1.27% C,-C,, 1.497; C.-H,. 1.118: G-F,, 1.274; 
C.-H,, 1.118; C,C2F,. 115.6; C,C,H,, 1215: G&F,, 116.0; 
c&H& 1215. 

fimn (A). 0,-C*, 1.343; C,-C, 1367; C,-C, 1.456; Cd,, 
1.367; C&, 1.101; C,-H,, 1.096; C&in, 1.0%; C,-& t.tw; 
O,C,Ck 110.1; c,C,Cc 105.5; c,cx,, 105J; CE2S. 135.8: 
c&H,. 126.5; C&H,, 128.0; O&H,, 114.1. 

A’ 0,-C,, 1.W; C&Z,, 1.425; C&, 1.398; G-C,, 1.426; 
C& 1.105; c,-H,, 1.096; Cc&. 1.0%; G-H% 1.105: o,czC,, 
109.2; c&Cc 105.7; c&C,. 105.8; CF*H& 135.9; cca7. 

128.6; C&H,, 125.6; O&H% 114.9. 
AH 0,-C*, 1.314; c&z,, 1.4% G-C, 1.365; Cd-C,. 1.488; 

c,-& 1.117; c&i,. 1.104; G-t&. 1.104; cdl 1.117; o,czC,, 
107.4; C&C,, 106.1; C&C,, 106.1; ‘C,C& 137.6: CCJH7. 

130& C&H,. 1X1; O,C,Hh 115.1 
Pym,& (A). N,-C2, 1.366; CrC,, 1.392; C&, 1.433; G-C,. 

1.392; Cr& 1.103; C,-H7, 1.097; Cd,. t.O!% G-H,. 1.102; 
N,-Hlr 1.021; N&C,. 106.5; C,C,C~ 107.2; C,C& 107.9; 
C,C2&, 132.2; C,C,H7, 1269; C,C& 125.5; N,C,He 121.6: 
C,N,H,,, 123.8. 

A+ N,-C,, 1.357; G-C,. 1.449; C,-C, 1.365; CCC,, 1.446; 
C&-)4, 1.105; C,-H7,1.096; Cc& 1.097; G-He, t.tW NrHlo. 
1.020; N&C,, 107.7; C,C,C, 106.5; C&C,, 107.6; C&2& 

130.6; C&H,, 129.5; C,C& t23.s; N&b, 122.0; C,N,H,o, 
lU.4. 

A’+ N,-C2, 1.406; CA,, 1.455; C,-C,, 1.366; C,-C,, 1.533; 
GIL. 1.114: CrH,. 1.102: G-H,. 1.103; CrHs, 1.114; N,-N,o, 
iii27:.N,C,&-108.3; C,C& iO6.5; C&C,, 1079; C,C& 
131.4; C&HI, 129.6; C,C& 121.6; N&T,& 123.8; C,N,H,e, 
122.3. 

pL%hydtuxykuene (A). +H,, 0.950; O&Z,, 1.335; G-C,. 
1.397; C.-H,, 1.104; Ccc, 1.417; &-HI, 1.104; C&, 1.415; 

‘CA 1.329; %HIR 0.m; f&C,,, 1.429; C,,-H,,, 1.109; C,,- 
C,,, t.375;CIrHu, 1.104.C,O,H,, lltJ;O&,C~ 115.2;C,C4HJ, 
121.3; C&C, 1209; C&H7. 119.7; C&Ck 118.0; C&&, 
125.5; C&H,, 112.5; C&C,,, 120.3; C&H,,, 119.4; C&C,,, 
122.6; C&H,,. 122.0. 

A+ &HI, 0.954; O#,, LB3: C,-C,, 1.456; C.-H,. 1.105; 
C&, 1.378; C&17. 1.103; G-C,, 1.455; Cp, 1.283; C4-H,, 
0.951; C.-C,,. 1.456; C,,-C,,. 1.101; C,,-C,,, 1.378; Cl,-H,,, 
1.103; C,O,H,, 118.8; O,C,C~ 114.6; C&H,. 119.8; C,C& 
121.1; C,CJi7, 120.0; C&C,. 119.0; C&p, 125.6; C&t&, 
118.9; CALL. 120.1; C&H,,, 120.3; C&C,,, 12fb.3; _ _ 
C,c&* 120.1. 

A” 0,-H,. 0.970; O&Z,. 1.270; C,-C, 1.495; G-I&, 1.109; 
c,-C, 1396; C,H,, 1.109; C&t 1.429; Cs-0~ 1.242; O&a 
o.pIt: C.-C,,. 1.451; C,rH,2, 1.111; CrG,. 1.344; CI,-& 
1.100; C&H,. 116.7; O&C, 116.7; C&H,, 119.1; C&C, 
1215; C&H,, 118.7; C&C,, 118.7; C&Oe, 125.8; C,O&, 
117.8; C&C,,. 1213; C,C,,H12, 120.1; C,C,,C,,, 123.7; 
C&H,* 120.9. 

plXj%orobaumr (A). CrF,. 1.379; C,-C,, 1.40; C,-H,. 1.101; 
C,-C,. 1.410; f&H, 1.102; C&C,, 1.39& CrFh 1.378; C&, 
1.402; Cq-H,, 1.102; C&,, 1.41; C,,-Ii,*. t.lcn; C,C2F,, 117.9; 
C,C&, 121.4: C,C,C,. 117.3; C,C& 120.7; C,C,C7. 118.7; 
C,C7F,, 1182; C,C,&, 123.8; C&H,, 121.1; C&C,,. 117.8; 
C,C,,H,2, 120.9. 

A+ CrF,. 1.33; CrC2, 1.433; C,-C, t.tM; Cd,. 1.3Q 
C,-& 1.102; C,-H7, 1.439; G-F,, 1.33; Crc, 1.431; CvHla 
1.103; G-C,,. 13% C,,-H,2, 1.101; C,C2F,. 117.5; C,C& 

12OA; C&C,, 117.1; C,C&, 1211; C&C,, 119.2; C,C7F,. 
117.7; C,C& 1226; C,C&, 1192; c,C,C,,, 1193; C,C,,H,,, 
120.5. 

A’+ Cd,, 1.289; Cd,, 1.487; Ca 1.108; G-C,, 1.3% 
C,-& 1.110; CA,. t.c19; CrF,, 1.292; C&, 1.465; C&a, 
1.111; Cq-C,,. 1363: C,,-H,2. 1.107; C&F,. 120.1; C,C& 
l1&9; c&C,, 119.3; c,C,H& 122.3; c,C,C7, t18.6i C,C,F,, 
117.5; Cf7Hh 121.4 C,C&, 117.8; C,C,C,,, t#).8; C,C,,H,a 
116.3. 

2-Amino&and (A). N&, 1.030; N,-HII, 1.027; N&I, 
1.409; c,-H,. 1.136; C,Hh t.tu); c,-C*. 1.495; c,-H& 1.140; 
C,-H7. 2.0% Cd,. t.365; 0,-H,, OJ95; H,,N&, 105.9; 
H,,N& tt4A; N&H,. 1075; N&H,, 114.7; N&C,, 121.3; 
C&H& tt%.& C,C,H7,tfi.% C,C&, 121.6; C,O,H,, 122.8. 

A+ N,-HIR l.oU; N.-H,,. 1.W; N.-C,, 1.398; C,&. 1.121; 
G-H* 1.123; C,-Ch t.505; c&I& t.tu; c&I7. 1.971: GO,. 
1.341; 0,-H,. 0.978; H,,N,H,r 1092 H,,N,C,, 118.5; N&H,, 
111.0; N&H,, 110.1; N&C*, ltas; C&b, ttzt; C&&, 
143.0; C&O,. 127.9; C,O,H,, 128.9. 

A” N,-H,o, 1.0% N.-H,,. 1.030; N.-C,, 1.471; C,-Ha. 1.113; 
CrHs 1.116; C,-C2, l.st9; C&, 1.126; &-Ha 2.051; Cz-0,. 
1.390; 0,-H,, 0.969; H,,N&, 107.5; H,,N& 119.2; N&He 
116.6; N&H* 118.6; N&C,, 60.0; C,C2& 127.0; C,C,H7, 
142.3; C&O,, 119.7; C&H,, 120.3. 

BUun-2-d (A). 0,-C,, 1365; C,-C,, 1.535; C,-C, 1.497; Cz- 
C,.1513;C,-&1.123;CrH7.t.145;CrH,.1.t1o;C~~t.1l2; 
Cg-Hm 1.112: CrH,,, 1.122; &H12, 1.112; C.-H,,. 1.112; Cc 
H,,, 1.111; 0,-H,,. 0.951; o&C,, 113.2; C,C,& 109.1; C&H7, 
105.7; C4C& tW, C,C*H7, 104.3; C,C&, 1145; C&H,, 
111.2; CzC,H,a 114.9; C&H,,, 109.9; C&H,,. 1122; C&H*,, 
113.8; C&H, 113.9; C&H,,, 112.8. 

A* 0,-C,. 1.393; C&I,. 1.471; CA,, 1500; Cd,. 1.456; 
Crt4. 1.130; C,-H7, 2.01; G-H,, 1.114; C,-H,, 1.112; C,-H,e, 
t.tlo;C,-H,,, t.12t;C,-H,2, t.tOtt;C~,, t.tlO;CCH,~ 1.109; 
0,-H,,, OJ7t; O&C,, 110.7; C,C,C, 103.4 C&H,. 97.8; 
C&H‘, 106.4; C,&H7, 127.5; C&H,, 113.0; C&H% 115.5; 
CF,H,h 110.1; C,c,H,,, 104.3; C&H,*. 110.1; C,C&. 113.9; 
C,C&, 113.1; C,O,H,,. 119.4. 

A’+ O&, 1.355; C,-C,. 1.m; Cd,, 1.511; Cd,. 1.4% 
G-14, 1.129; &-HI, 2.092; C,-H,, 1.117; C& 1.110: C,-H* 
1.117; G-H,,, 1.122; CcH12, 1.109; C.-H,,, 1.107; CcH,,, 1.107; 
0,-H,,, 0.97; o&C,, 114.0; C&C, 99.8; C&H% 133.3; 
C&H‘, 109.4; C&H7, 92.4; C&H,, 108.7; C,C&, 119.9; 
CzC,H,o, 108.6; C&H,,, 1027; C,C,H,2, tOt?.S; C,CJi,,, 1128; 
C&H,,, 112.1; C,O,H,,, 126.4. 

Burand (A). C,-H,,. 1.112; C,-& 1.4%; C,-HR 1.122; Cc 
H,r 1.120; G-C,, 1.515; C,-H7, 1.210; C,-&, 1.121; C,-C,, 
1.4% C,-H, 1.136; Cd,, 1.194; C,-H,,, 1.111; C,-H,,, 1.111; 
C&H,,, 114.3; C,C&. 107.9; c&H, 109.0; c&C,, 1215; 
C&H7, 108.7; C&& 108.6; C&C*, 124.0; C,C,&, 110.0; 
C&O,. 129.5; C&H,,, 113.6; C&H,,, 1124. 

A+ G-H,,, 1.110; G-C,. 1.499; CcHh 1.117; C,-H,b 1.116; 
Cd,, 1517; C,-H7, 1.122; C,-H,, 1.125; C,-C2. 1.46); C,-& 
2.047: GO,. 1.186: G-H,,. 1.110: CrHn. 1.106: C&H,,. 113.3: . _ . 
C,C,iir, tOiS; C&it,,‘-iO9.o; k,&C;;~t23.1~ C,C,H7. 111.6; 
c&H, 111.3; c&C,. 123.4; C,C& 1295; C,C,o,, 145.3; 
C&H,,, 112.4; C&H,,, 1123. 

A** C,-H,,, l.tOtt; C,-C,, 1.493; C.-H,, 1.122; G-H,& 1.116; 
C.-C,. 1.553; C,-H,, 1.128; CrH,, 1.128; C,-C2. 1.428; CrH, 

‘211O;C&, t.tJ9;CrH12, t.l07;C,-H,,, 1.110;C,C&,,114.0; 
c&H* 1121; c&H,, 1125; c&C,, 122.0; c&H,, 113.5; 
c&g&, 1129; C4C,C,, 123.); C,C& 179.8; C&o,. 181.1; 
C&H,,, 112.9; C&H,,, 108.1. 

2-m-w (A). G-C,. 1.501; G-0,. 1.210; C,-C, 1x11; 
G-H,, 1.110; Cc& 1.110; CcH7. 1.111; C,-H,, 1.110; C,-H,, 
1.111; CrHw, 1.111; C&O,, 120.1; O&C,, 120.3; C&H,, 
113.0; C,C& 113.0; c&H,. 114.1; c&H& 114.0; C,C,Hh 
Ill p, c&H,* 114.5. 

A+ G-C,, 151% G-O,, 1.177; CrC, 1519; C,-H,, 1.112; 
G-H, 1.112; CcH7, 1.107; C,-&, 1.111; C,-H,, 1.112; C,-HIA 
1.107; C,‘X,, 121.6; O&C,, 121.7; C&H,. t0B.k C,C& 
109.1; Gw7, tt2.R C,C& 110.0; cl&H, 107.5; C&H& 
1127. 

A’+ CrC2. 1.545; G-O,, 1.143; G-C,, 1.543; c,-H,, 1.1%; 
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cctb. Llu; G-H,. 1.122; c&i& 1.12%; c&b 1.122; C&o8 
1.122; c&0,, 1459; o&C* 145%; c&H, 95.7; CQL 97.1; 
c&H,, lsO.6; c&H,, 93.1; C&H& 100.2; c$qil& 149.1. 

Abide (A& C&t, Lipi; CrHk 1.13& C&L 1.477; 
c&s,. 1.109; c&I& Llli; c&H,* l*HO; O&H,. m.!k C&H,* 
llO.0; C&H& 115.9: c&H& 110.7; C2C& 111.8. 

A” C&. l.1648; C&i* 1.167; c&e, lmk CCHS 1.m 
c,H, 1.112; c&H,. 1.109; 0&!zHa lO7.6; C&H& 1105; 
C$!&, 110.0; clcsr, 101.8; CQi,, 111.9. 

A*+ Cd, 1.144; t&H,, 2.112; C&,, 1.4M; C.-H,, 1.121; 
G-H+ 1.121; G-H,, 1.121; O&H,, 0.65; C&H* 179.9; 
C&HI, 109.7; C&x, 109.7; c&H,, 109.7. 

tGwmdd&* (8). 0&z, l.lSl; c,rr,, 1.123; c&L 1.123; 
o,C2H+$a 126.6; O,C*H& 126.6. 

BP 02-H* 0.9a 02-C>, 1.219; cpo,, 1.23& CrH1.1.230; 
0,-H& 0.414; c!,0& 1322; 0&o,, 145.6; 0gjHHr. 110.9; 
cp,Hc 138.9. 

MdeaoI (B). Or-H* 0.951: 0,-C*, l.uo; c&Ii+ 1.123; cy- 
HJ, 1*12(; CTHk 1.119; CfO,L. liO.!k o&H& IifS; O&z2HI* 

1 I f.4 O,C& 107.9. 
BH’ OI-HS, 0.962; 0,-C,, 1.101; Q-H*, 1,112: CrHs 1.115; 

c*Hh 1.113: Or-Ii,, 0.962; Cmih l17.1; o,c*H& 110.4 
o&.x,, lM5; 01c2Hcl108.2; C&H,, 117.2. 

Lrw*+ Ol-Hh 0.919; 0,x*, 1.314; c&f& 1.119; cl-Hs. 1.m 
c&Q, 1.184; OI-H,, 0.977: Cz0,HL 122.8; O&H& 114.4; 
0,C2& 116.k O,C& 114.1; C&H,, 1273. 

AC&&~& (B) ste arrtkr (A). BH+ C&. 1.243~ Cd&, 
1.121: t&c!& 1.453; C&* 1.10s; &-I& 1.112: CrH7. 1.109; 

O,-&, 0.957; O&i&, 106.7~ C,C2H3. 120.7; C&& 116.4 
c&H& lOit.3; c&H,, 110.3; cp,rq* 1239. 

mf*+ c&l,, 1.221; C&k 1.147; &-C& 1,442; CcH5, 1.188; 
c&f& l.lU; c&.&, 1.176; o&i& 0.967; O,C&h 110* 
C4c&H> llO.1; C&H& 127.9; C&H+ 1lSd; C&H?, 114.2i 
c2I),HI, 129.0. 

AC& acid (B). 0,-C,, 1.215; Cz-&, 1.336~ C&h 1.491; 
CpH, 1.110; C& 1.112; c&i,. 1.111; o&,0.918; OlC20% 
1219; o&C* 115.4; CQir, 113%; C&& 1119; c2CcJI7. 
115.4; c&H$$118.9. 

Mf’ 0,-C*, 1.m c*, 1.288; CrCk 1.m G-H,, 1.109; 
C& 1.111: c&i,. 1.109; orlt 0.9% o&it% 0.9% O‘C1OJ, 
l21.0; o&C* 124.R c&Ii,, 114.R t&c!& 110.1; ClcsI,, 
1123; c&J& 1216; C@,Hr 124.0. 

BP O&, 1.242; CA. 1.26% c&¶ 1* CcHr. 1.130; 
C&i.‘, 1.127; C&H,. 1.125; 0&, 0.%5; 0,“HP, OJ73; 0&0st 
136.11; 0&C& 959; C&Hs lO3.0; c&H& 1033; C2w?* 
127.a; c&H& 14O.7; C&H,. 127.4. 

mu&H uher (B). t&-0,, 1.342; O& 1342; G-EL 1.m 
c&i,, 1.123; Cp& l.lu; c*,, lx% c!* l.l#); q-H,, 
1.123; cp,cs 156.7; o&H& 106& o,csIi,, 1lS.S; O$& 
115.0; o,c*if7* 115.1; O&&Is 106:l; O,C& 115s. 

Bfl’ c&I*, 1.406; O&k 0.963; oI-C$s 1.342; G-&1.393; 
Cpf4,1.140, CA l.SW, C* 1.113; C&i* 1.113; Cy-H7. 
1.112; C@,H,a 109.6; C&H,r ll2& O,C$HJ, 1lW o,c3& 
107.7; O,C& llS.li; o*c*H& laa.7; O&HR 110.0; OlC2H7, 

lO8.3. 
BP+ CyQ, 1AsI: O&i,* 0.97e or&, 1.314; c&i, 1.m 

Cptr, 1.119; c&-H& 1330; c&i& 1.116: G-H* 1.111; CrH7, 

l.llJ: C&,H,& 110.1; CJO,H, lO9& o,cJI.s, li6.i; o&H6l 
120.3; 0+&H,, 114.6 0&H,, 103.0; 0,C& 107.7; o,c2H7, 

106s. 

2-Propamw (B) set diet (A) BH+ CrC2. 1.482; CrQt, 
1.262; C&Z,, 1.477; C.-Ha 1.110; Cc& 1.109; G-H?, l.lW 
C,-H,, 1.109; C&i,, 1.111; t&H,,, l.la8; 0,-H,,. 0.W 
c&0,. 111.2; O&C& 121A; c&H,, 112.4L cK& il2.I; 
c&H,, 112.6; c&H& 114.3 c&H?& 111.1; C&&G 1113; 
Cz0,Hm 123.8. 

BP+ c3-C** 1*511; t&-O‘, 1.197; c*, 1532; CCH,, l.ll6; 
c&i@, 1,116; c4-H7,1.1oB; CT&, 1.118; CrHh 1.117; G-HI* 
1.111; o,-H,!, 09M; C&0,, 1209; 0&G, 123.4 Clc& 
lO3.0; C#& IMJ; c&H,, 114.5; Crc& 101.3; C&H* 
106.3; c&f& 114.1; C@,Ht,, 159.5. 


