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An Insilco study was carried out on the thermoclsémi mechanism and kinetics of the
Hydrogen abstraction reaction of 1,1-difluoro-2-imetypropane (CECH(OCH;)CHF,)
with the bromine monoxide radical (BrO) using thenBity Functional Theory (DFT) based
MO06-2X/6311++G" method. The energy values were immediately impreizeoptimization
at DFT/M06-2X/6-311++G(2df,2p) level (single-poicalculations) of the reacting species
involved. The Monte Carlo search on the investigatiydrofluoroether (HFE) showed nine
conformers with the lowest global minimum conforrmeing predicted and considered for
this work. The results of this study showed that #fimospheric oxidation reaction of
CHs;CH(OCH;)CHF; with the BrO radical proceeded in four (4) plausibieaction routes.
The total experimental rate of 4.34*3%0cn® moleculée! sect for HFE + BrO reaction was
estimated with atmospheric lifetime (ALT)/globakmang potential (GWP) of 1.80 years and
165.30 respectively. The 3D potential energy sasa@®ES) for the reaction was however
constructed at absolute temperature of 298.15 K.

RESUMEN

Se realiz6 un estudio de Insilco sobre la termodéeémel mecanismo y la cinética de la
reaccion de abstraccion de hidrégeno de 1,1-diftuBrmetoxipropano (C¥CH(OCHs)
CHF,) con el radical de mondxido de bromo (BrO) utilida la teoria de la funcién de
densidad (DFT ) basado en el método M06-2X / 6-841 **. Los valores de energia se
mejoraron inmediatamente a través de la optimizacidivel de DFT / M06-2X / 6-311 ++
G (2df, 2p) (célculos de punto Unico) de las eggecgactivas implicadas. La busqueda de
Monte Carlo en el hidrofluoroéter investigador (HFEhostré nueve conférmeros con el
conférmero minimo global mas bajo que se predigeyconsideré para este trabajo. Los
resultados de este estudio mostraron que la reacd oxidacion atmosférica de g&H
(OCH;s)CHF; con el radical BrO procedio en cuatro (4) rutasréaccion plausibles. La tasa
experimental total de 4.34 * 10-06 dmmolécula-1 seg-1 para la reaccién HFE + BrO se
estimé con la vida atmosférica (ALT) / potenciatdientamiento global (GWP) de 1.80 afios
y 165.30, respectivamente. Sin embargo, las sepEsfde energia potencial 3D (PES) para
la reaccion se construyeron a una temperatura aliaade 298,15 K.
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NOMENCLATURE

ALT: Atmospheric lifetime

BrO: Bromine monoxide radical
CFCs: Chlorofluorocarbons
DFT: Density functional theory
GWP: Global warming potential
HFEs: Hydrofluoroethers

IRC: Intrinsic reaction coordinate

PC: Product complex

channels. However, with computational study theaitkd
mechanism, thermochemistry of multi channels oftieas, the
tunneling correction and overall rate constant lsarestimated
accurately and simultaneously. This as a moderrpadational
chemistry technique is very simple, time and cases, accurate
and very fast compares to wet laboratory method.

The main objective of this study was to make aildas
study on reaction of G€H(OCH;)CHF, with BrO radical
using computational techniques. And also aimedualying the
computational kinetics of H-abstraction reaction of
CHs;CH(OCHs)CHR, by BrO radical which involves four (4) H-
abstraction positions of-CHF,, —OCH3;, —CH and — CH; as
shown in the chemical reactions R1-R4.

CH;CH(OCH3)CHF, + BrO

. — CH;CH(OCH;3)CF, + HOBr  (R1)
PES: Potential Energy Surface

RC: Reactant complex CH;CH(OCH3)CHF, + BrO

CH;C(OCH;)CHF, + HOB R2
TS: Transition state - CH,C( 3) 2 r  (R2)

1. INTRODUCTION CH3;CH(OCH3)CHF, + BrO
- CH,CH(OCH,)CHF, + HOBr (R3)

The less reactivity and easy liquefaction are tverm CH(OCH3)CHF, + BrO
chemical properties that qualify Chlorofluorocarb¢@8FCs) as ~ ° : —>2CH2CH(0CH3)CHF2 +HOBr (R4)

good raw materials in the production of foam blayvagents, The study by Christensest al., 1998 on HFE — 7200
ele_ctronic detergent_s, aerosols, deoQorant spraﬁrisgerators, (C4FsOC;Hs) with OH radicals at 295 K revealed that HFE —
paint sprays, cleaning agents, furniture polistpepellants, 7200 has k (OH + n- £60CHs) = (6.4 + 0.7) * 164 cm
sem_iconductors etc. (Deka and Mishra, 2014; @1@!.,2(_)18; 3Smolecule! s, k (OH + i- GFsOCHs) = (7.7 % 0.8) * 164 o
Philip, 1996). Researchers have shown that CFOSali®eS sp\gj0cy el st and atmospheric lifetime of 0.9 and 0.7 years

pose environmental hazards to ozone by diffusingp inrespectively. Also, computational study of H-abstian
stratosphere and deplete it at a rate faster tremibe replaced reactions from CHOCH.CH.Cl/ CHsCH:OCH,CH.CI by Cl
in the atmosphere (Baidy al., 2017; Garfield, 1988; Molina 4, and OH radical showed that their atmosphéeitirhe are

and Rowland, 1974; Orkiet al., 1999; Papadimitriowet al., 39 hrs. and 19 hrs. res ;
: . . pectively. (Getiral., 2016). Thus, the
2007; Rowland, 1996; Rohrer and Berresheim, 20@8yl&y presence of an atom of Br, Cl, | etc. in an atmesphs a

and _Fgrracci, 2014, WMO, 2010). For this fact, in&tional .namical set back to ozone layer (Deka and MisBEs.4;
restrictions a_nd warning were placed on usage 0€CBS | oo/ |0et al., 1997; Wofsyet al., 1975; Yanggt al., 2007).

agreed upon in the Montre_al Protocol (Gm@l.,lggs; Ye_at To ascertain fluorinated ethers as substantial
al., 2016). Instead, alternative compounds with les®qrosing ,arnatives for CFCs, there is necessity for prapel several

ability to ozone is recommended as substantialtSutes for Insilco/wet laboratory studies on them so as temeine them
the CFCs (Espinosa-Garcia, 2003; Galahal., 2010; MWO, as substantial candidates capable of replacing CFCs

2010). Hydrofluoroethers (HFEs) and hydrofluorohlois
(HFAs) (Maburyet al., 2006; White and Martell, 2015), have
been discovered as substantial substitutes for Cwits 2- MATERIALS AND METHQDS
numerous applications ranging from refrigeratioreaning, 2.1 Samples used (HFEs and radical) .
foam blowing, propelling, painting, solvents, peistés, 1,1-difluoro-2-methoxypropane (HFE), BrO radical
varnishes in laboratories etc. (Deka and Mishra426lashemi Were used for this Insilco study (Anderson, 198aidBaet al.,
and Saheb, 2017; Hurley al.,2004; Laszle@t al.,1997; Prather 2017; Hashemi & Saheb, 2017; Schlageml., 2012; MWO,
and Spivakovsky, 1990; Salet al., 1996; Wanget al., 2009). 2010). The 3D structures of HFEs/radical were drasing
The presence of0 — linkage between these series increas€fartan 14 v 112 suite licensed software (Spaftan2013).
their chemical reactivity in the atmosphere whickaunts for )
the chemistry of their short lifetime and lessemaspheric 2-2 Computational Procedures
effects compare to CFCs (Baidgtal.,2017; Gouet al.,2016). The Spartan 14 v 112 suite licensed software wed us
The study of CHCH(OCH;)CHF, with BrO radicals is for all thg electron_|c cglculatlon_s. The geomefpyimization of
an important atmospheric oxidation reaction thdt priovide all chemical species involved in the reaction wemeried out
information on the tropospheric reactivity of HFsl also help Using density functional theory (DFT) based MO6-@%thod
to find degradation pathways of HFES in the atmesphHence, With the 6-311++G basis set (Spartan '14, 2013). To improve
it is very necessary/vital to dig into the atmosjihehemistry the energy values, 6-311++G(2df,2p) single-poiritudations
of the HFEs for their better understanding as suttsi Were immediately performed using same DFT metheullids
substitutes for CFCs and to determine more of tihgiacts on related studies on computational kinetics proved] theoretical
the environment. thermochemistry and kinetics of reaction can be etex
Many experimental studies carried out on the rdlat@ccurately and provides reliable results when tiel Dvith
study of this kind only provided the overall ratnstants but M06-2X level of theory is employed (Baidy al., 2017; De
found it very difficult to reveal the actual mecian and the Carvalho and Roberto-Neto, 2018; Hashemi and Sat@ty;

true reaction picture especially when the reactienmulti White and Martell, 2015).
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The minimum energy equilibrium structure obtained
each stationary point has all real frequencies mbde
transition state possesses one imaginary frequeitye
imaginary frequency in transition state correspomalsthe

coupling of stretching modes of the breaking C—I-:i-.’.'

Transformation from the reactant to product via tifaesition
state (TS) along the minimum energy path was coefir with
the help of intrinsic reaction coordinate (IRC)adhtions at the
MO06-2X level of DF theory (Baidyat al., 2017; Gouret al.,
2016). IRC calculations confirmed the formation & and
post-reaction complexes of the reactant/producemué with
the BrO radical or HOBr in both the entry and exiteach
reaction channel.

The rate constants (k) for H-abstraction reactioase
obtained from the reaction basic steps involvedating to
equation 5-6.
HFEs + Br0O = TS1 (5)
(6)

The rate coefficients (k), change in enthalpyH°

TS1 - P+ HOBr

rxn)’

a App )
W i) — I, RF:(ydt  AGWP,(H)

[Y RFeo, (t)dt  AGWPco, (H)
RESULTS AND DISCUSSION

3.1 Sample conformers

Fig. 1 shows the nine possible conformers of 1,1-
difluoro-2-methoxypropane molecule ranging from tbevest
to highest energy conformers.

Monte Carlo’s search was (conformational analysis)
performed on KCCH(OCH;)CHF, molecule by selecting Set
up/Calculation/Conformational search under the iappbn
menu. MMFF force field was selected with maximueration
number entered under the Mini tab. The default ()0@r
maximum number was activated from the conformatisearch
tab. The operation was then started with file naiven. The
result of this operational search showed nine coméos as
illustrated inFig. 1. From the analysis, conformér (0.10 kcal
mol?) had the lowest global minimum predicted. Thisrska
was aimed at identifying the possible conformers of
H3CCH(OCH;)CHF, molecule with their respective global

17)

change in free Gibb’s energy,(G°., ) and change in energyminima and to select the most stable conformer.f@arers

(ArEorxn
according to the view of Roussel, 2009; Siaka sl
coworkers in 2017; Truhlar and his coworkers in @%% in
equation 7-10.

kpT Qrs' _aE*
—_— e RT

k =o.I N (7)
R
A7‘Horxn = Z AprTOd- - Z Aereactf. (8)
prod. react.
A7'60rxn = ArHorxn - TATSOrxn (9)
ArEorxn = Z Aprrod. - Z AfEreact. (10)
prod. react.

The change in enthalpy as well as Gibb’s free gnefgeach
transition states were estimated using expresdib+i?

AH# = Z AfH# - Z Aereact.
prod. react.

AG* = AH* — TAS* (12)
The total rate coefficient was calculated usingagigum 13
k = kg, + kg, + kg, + kg, (13)
The branching ratios (BR) for the Hydrogen abstoaateaction
channels of each radical, which is reported by DeidiMishra,
2014 to have been represented the individual darttan of a
reaction channel toward overall reaction rate weymputed
using an expression 14.

Branching ratio =

€8Y)

* 100

(14)

Total

The E, values of all reaction channels for each radicaten
determined using expression 15.

E, = AGT = AG* — Y AG, (15)
The atmospheric lifetime of HFE + BrO radical wasnputed
using an expression 16
Teff = TBro (16)
The 100-time horizon Global warming potential (GV#PHFE
is estimated in accordance to the view of Baidyd &is
colleagues in 2017 as expressed in equation 17

) of each radical’s reaction channels were computaith higher global minima were not considered sittzey are

unstable (Baidyat al.,2017). The generated conformers were
arranged inFig. 1 in order of increasing in their energy
stabilities. So, with reference &g. 1, conformerl (2.88 kcal
mol') has the highest energy predicted and thus thet mos
unstable.

Fig. 2 shows the 3D structures of the optimized
reacting species whilé-ig. 3 depicts 3D PES of H-atom
abstraction from HFE with the radical.

Table 1 and3 show the results of calculated energies
and enthalpies (in kJ m#)l of the reacting species with BrO
radical at DFT/M06-2X/6-311++Glevel while theTable 2and
4 show the results on single-point calculation whigs aimed
at improving the reacting species energies as agllitheir
enthalpies (in kJ md) at DFT/M06-2X/6-311++G(2df,2p)
level.

Table 5shows the thermodynamics calculation results
of H-abstraction reaction routes that were perfarmeast
DFT/M06-2X/6-311++G' level with BrO radical. These results
show that reaction through the routes R1 and R2ewer
exothermic in nature i.é4,H° <0 and thermodynamically
favorable while R3 and R4 routes followed endottierm
reactions AH°_ > 0), thus the routes (R2 and R3) were
thermodynamically unfavored. Th&.E°_  across the four
routes of this reaction proved that R2 and R4e®sinave high
possibility of H-abstraction than R1 and R3 sirteeyt(R2 and
R4) had lowen\ E° . Also, the negative values af.G°
across all the reaction routes indicated that btained products
were thermodynamically feasible. Hence, R2 is nieesible.
However, an improved and further thermodynamicgleipoint
calculation (DFT/M06-2X/6-311++G(2df,2p)) resultsTable
6 illustrates the endothermic nature of reactionRiaand R4
but exothermic along R2 and R3 respectively. Al§@:°
across reaction routes revealed that, the produteireed were
thermodynamically feasible (R2 also more feasible).

Tables 7 and8 reveal that reaction of BrO radical with
the sample proceeded in two steps: (1) transitiaie $ormation
and (2) product formation. According to the Gibfoee energies
of the two stepgomputed, the rate determining step (RDS) of
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each reaction channel was identified on the bdsisd@ > AG*.
Thus, the second steps i.e. product formation Wer&DS. The
rate determining steps are the slowest steps inréhetion
between the HFE and the radical specie that wastigated.
The results from TableZand10 show that there were
four H-atom abstraction carbon sites of0€H(OCH;)CHR
which are —CHF,, —CH, —OCH; and — CH; groups. This
eventually led to formation of four transition €st(TS1, TS2,
TS3 and TS4) as the sample was reacting with Bdizah For
each transition state of the radical investigatéti sample, the
C-H bond of the abstracting hydrogen atom and néaviyed
bond between H and O atoms were noted. The intriesiction
coordinates (IRC) calculation performed on all siion states
at the same level were characterized by the oaoceref an
imaginary frequencies as illustrated in same Taf@esnd 10
respectively). This therefore proved that therestsxchemical
connection between transition states and reacttwell as
products of all reaction channels for radical iveal. Also,
during entrance and exit channels (R1-R4) of #udgtion, pre—

sample’s reaction with radical passed through fchannels
with transition states: TS1, TS2, TS3 and TS4 rethaely been
formed. The total rate constant value at 298.154< estimated
according to an expression (13). The computed catestant
values obtained using an improved single-point Waton
(DFT/M06-2X/6-311++G(2df,2p) were given fable 11. The
total estimated rate for HFE + BrO was 4.34*10cnt3
molecule! sec.
3.3 Atmospheric implications

The atmospheric lifetime of @CH(OCH)CHF,
(ter) Was estimated via the assumption that its atmersph
removal is through its reaction with BrO radicab, $t was
estimated using expression (16). i.e.
Teff = TBro (16)
Where, g, = (kpro * [BrO]) ™ (18)
If the global average atmospheric BrO radical catregion is
taken as 3.0*10molecule cr? and the calculated total value of
Kgro is 4.34*10°® cnm® molecule! sect. The atmospheric

reactive complexes (RC1, RC2, RC3 and RC4) and—polfetime of HCCH(OCH)CHF, have been recorded as 1.8

reactive complexes (PC1, PC2, PC3 and PC4) forraed been
validated as recommended by Baidya and his cowsrker
2017. In addition, formation of hydrogen bond waserved in
the pre—reactive and post-reactive complexes bet@eggen
atom of BrO radical with H-atom in thes8CH(OCH;)CHF,
which was as a result of weak force of attractidhus, this
implies that all the reaction channels can evercged in an
indirect mechanism manner.

Table 11 illustrates the variations BRg,q, kgro, as
well as Eag,, of sample’s reaction with BrO

greater than theglo across channels R3 as well as R4. T

radical
GWP for CFC-11,
investigated. The g along the channels R1 and R2 werg

years.
3.4 Global warming potentials (GWPSs)

The global warming potentials o68CH(OCH;)CHF,
molecule was estimated at the DFT/M06-2X/6-311+4GED)
based on the integrated-time radiative forcing $poeous
radiation of 1 kg C@as a reference gas (Baidghal., 2017;
Orkin et al.,1999). The HFE's GWPs was found relative to the
CO, reference information using an equation 17. TheRGW
obtained for HFE in 100-year time horizon is 165v@tlle the
the most vital CFC with numerous
plications (100-year time horizon) is reported 830 (Baidya
al.,2017). In comparison, 4&€CH(OCH;)CHF, with shorter

extremely higher BRo value along channel R1 is due t0 thggiimated atmospheric lifetime and lower GWP islasiser

chemical influence of Fluorine atoms at C1.

3.2 Rate constant computation

The rate constants for reaction channels R1, R2d3
R4 were computed using the TST equation (7) cowth
Wigner's H-abstraction tunneling correction at absalute
temperature of 298.15 K. The lowest energy conforwie
H3sCCH(OCH)CHF, molecule was considered for
abstraction reaction with atmospheric radical (BrQhe
“

atmospheric and environmental effects than CFCs.

4. FIGURES

H-
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Figure 2- 3D structures of optimized reacting speeis with BrO radical.
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Figure 3- HFE vs BrO radical H-abstraction reactionchannels (DFT/M06-2X/6-311++G(2df,2p)).
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5. TABLES

Table 1 - Calculated energy (kJ mot) of the optimized reacting species with BrO radich(298 K) at DFT/M06-2X/6-

311++G" level of theory.
Reaction HFE kJ mot Radical kJ RC kJ TS kJ mott) PC kJ mol?) Phajor Pwtinor

routes 1 mol) mol?) (kJ molt?) (kJ mot?)
R1 -1134.32 -6955.47 -8089.87  -8089.32 -8089.89 -1131.86 -6956.99
R2 -1134.32 -6955.47 -8089.85  -8089.42 -8090.22 -1131.95 -6956.99
R3 -1134.32 -6955.47 -8089.66  -8089.52 -8090.32 -1131.89 -6956.99
R4 -1134.32 -6955.47 -8089.89  -8089.62 -8090.28 -1131.94 -6956.99

Table 2 -Improved Calculated energy (kJ mot') of the optimized reacting species with BrO radich(298 K) at DFT/M06-
2X/6-311++G(2df,2p) level of theory.

Reaction HFE kJ mot Radical kJ RCkJ TS kJ moth PC &J mol?) Pwmajor Pwtinor
routes D) mol?) mol?) (kJ mol?) (kJ mol?)

R1 -1134.39 -6955.56 -8089.85  -8089.30 -8089.78 -1131.94 -6957.08

R2 -1134.39 -6955.56 -8089.84  -8089.40 -8090.21 -1132.02 -6957.08

R3 -1134.39 -6955.56 -8089.86  -8089.49 -8090.35 -1131.96 -6957.08

R4 -1134.39 -6955.56 -8089.88  -8089.59 -8090.30 -1132.02 -6957.08

Pwmajor: Major product = hydrofluoroether radical &k Minor product = HOBr

Table 3 - Calculated enthalpy (kJ maf) of the optimized reacting species with BrO radica(298 K) at DFT/M06-2X/6-
311++G" level of theory.

Reaction HFE (J mot Radical kJ RC kJ TS kJ moth) PC &J molt?) Pwmajor Phinor
routes 1y mol?) mol?) (kJ mot?) (kJ mot?)
R1 338.40 12.54 349.61 327.38 352.09 307.06 4425
R2 338.40 12.54 349.28 322.22 356.49 304.84 4425
R3 338.40 12.54 351.70 323.40 361.40 306.76 4425
R4 338.40 12.54 349.64 330.17 361.75 307.26 4425

Table 4 - Improved Calculated enthalpy (kJ mot) of the optimized reacting species with BrO radicb(298 K) at DFT/M06-
2X/6-311++G(2df,2p) level of theory.

Reaction HFE kJ mot Radical kJ RCkJ TS kJ moth PC &J mol?) Pwmajor Pwtinor
routes 1 mol?) mol?) (kJ molt?) (kJ mot?)
R1 339.15 12.86 350.88 328.39 351.26 307.98 44.63
R2 339.15 12.86 350.45 323.45 355.90 305.97 44.63
R3 339.15 12.86 353.56 325.78 359.89 307.16 44.63
R4 339.15 12.86 351.34 331.80 359.28 307.49 44.63

Table 5 - Thermodynamics data on H-abstraction rea®n channels (R1-R4) of the HFE with BrO radical alculated at

DFT/M06-2X/6-311++G" Density Functional Theory.

Reaction AHO (Kmol™)  AG°  (Kfmol™') AE°  (kJmol™?) AGT
routes

R1 -0.37 -4.93 940.75 205.31
R2 -1.85 -7.81 857.21 200.49
R3 0.07 -4.41 907.77 198.11

R4 0.57 -4.27 860.86 209.65
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Table 6 - Thermodynamics data on H-abstraction rea®n channels (R1-R4) of the HFE with BrO radical alculated at

DFT/M06-2X/6-311++GS2df,292 Densitz Functional Theg.

Reaction AHO  (KJmol™)  AG®  (kJmol™") AE°_ (kJmol™") AGT
routes

R1 0.60 -4.22 928.21 205.62
R2 -1.41 -7.63 847.31 201.42
R3 -0.22 -5.00 901.84 201.08
R4 0.11 -5.10 843.65 212.11

Table 7 - DFT/M06-2X/6-311++G  thermodynamics parameters for the steps involvedithe four HFEs reaction channels
(R1-R4) with BrO radical

Reaction routes AH# (k] mol™1) AG* (k] mol™1) AH, (k] mol™1) AG4 (k] mol™1)
R1 -23.56 -150.55 23.93 103.06
R2 -28.72 -158.38 26.87 102.79
R3 -27.54 -157.24 27.61 102.09
R4 -20.77 -145.56 21.34 103.18

Table 8 - DFT/M06-2X/6-311++G(2df,2p) thermodynamis parameters for the steps involved in the four HFE reaction
channels (R1-R4) with BrO radical

Reaction routes AH* (k] mol™1) AG* (k] mol™1) AH, (k] mol™1) AG; (k] mol™1)
R1 -23.62 -150.61 24.22 102.77
R2 -28.56 -158.22 29.16 100.50
R3 -26.23 -155.93 26.83 102.87
R4 -20.21 -145.00 20.81 103.98

AG*= Gibb’s free energy of transition stafeG,= Gibb’s free energy of product formation
AH#= Enthalpy of transition state formatiokil,= Enthalpy of product formation

Table 9 - IRC calculation results on transition stées of each reaction channel for BrO radical at DFIM06-2X/6-311++G"

Reaction routes Transition states Intrinsic reaction coordinate
R1 TS1 418
R2 TS2 i369
R3 TS3 i297
R4 TS4 1180

Table 10 - IRC calculation results on transition sites of each reaction channel for BrO radical at DF/M06-2X/6-

311++G(2df,2p)

Reaction routes Transition states

R1 TS1 i520
R2 TS2 i450
R3 TS3 i397
R4 TS4 i280

Reaction routes Eap.o (KJ mott)
R1 94.50 4.10%1006 29.65
R2 2.53 1.10*10% 22.04
R3 1.80 7.80*10% 24.33

R4 1.18 5.10*10% 35.26
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6. CONCLUSION GALANO, A.; ALVAREZ-IDABOY, J.R.; FRANCISCO-
MARQUEZ, M. Mechanism and Branching Ratio of
Hydroxyl Ethers + OH Gas Phase Reactions:
Relevance of H Bond Interactiank Phys. Chem. A,

In this Insilco study, an oxidation reaction medsan
of 1,1-difluoro-2-methoxypropane with the BrO raaliavas .
. . . ) v. 144, n. 28, p. 7525-7536, April/May. 2010.
investigated using two different levels of DFT (MRB/6- GARFIELD E Ozone?Layer Depletiong Its ansequesnd:lee
311++G" and M06-2X/6-311++G(2df,2p). This resulted to H- Causal Debate. and International CoonerafEsays
abstraction from the molecule which was more fagost of an Informa’tion Scientist: Scienc% Litera(:{/

—0OCH(CH;) carbon site. The whole reaction was found to : : _
proceeded in four plausible reaction channels @,,R3 and Egggy Evaluation and other Essaysv. 11, p. 39-49,
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