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~Wr&-Tlx kincrrcs of rhc reaction txrween cohahrI)phthalocyaninc anton and primary alkll monohalogcnidcs 
was studied b) rhc USC of conduc~~u~~~ mcasuremenrr The data agree ur(h an S.? mechanism. In rhc case of 
gemmall) pr+halopcnarcd compounds a wmcu-hat drffcrcnt type of mechamsm seem\ IO prcvarl. ‘1%~ alk)larron of 
ct~ir(l)phthal~~~aninc anion hy fl-halocrhjl csrcrs. urethanes. phcnolclhcrs. phcnolthmcrhcrs. ammcs and amides. 
followed hy rcducrrvc frdgmcnlarim of the orpanoxc~alr mrcrmcdratc. arc model expcrlmcn!~ related IO rhc 
cxrcnsmn of an carlw dc\clopcd prorccwc group tcchniquc for pcpridc synthcsrs In ~hc studied cases the rare of 
~hc u\crall rcacuon I\ roughI\ the same as rhc rare of rhc uulurl alk!lalwn slcp 

Z~assuo~-Die Rcakrwn \on Kobalr(lrphthaloc~anm Amon mu pnmaren .4lk~lmom~halogcnnden u-urdc 
murcls dcr Kondukromcrrrc kmcrwh unrcrwchr. SIC \crl.%Jfr uahrv3wnlr~h nach cincm S,Z~Jlccharu\mu\ Im 
I:allc gcmmal pol)halogcnwtcr Vcrbmdungcn schcmr cm andcrer Reakrwnsmcchamsmus ~orLuIrcpcn Ihc r\lk. 
)-lierung von Kobalr(l)phthalocyanin Anton mutcls B.Halopcnirhyl-cslern. urcthancn. -phcnolathern. -phenob 
throirtnxn. .amincn und -amrden. dcr tich tine rcdukrivc Fragmcnrrerung der kobalrorgamschcn Zwrschcnslufen 
ans~hrlel%. diem als (irundlage dcr b.rucr!erunp cmcr kurlrch cngcfuhrrcn Schurlpruppenuxhnrk fur PeprId. 
synthcun. 1%~ tw dicwn Kcakti)ncn twrlmmlcn (ic~mtrcakrlon\.ralcn stlmmcn ukrcm mu den cnrsprcchcndcn 
AlkyllcnlnR\rc;lkIIonsr;llen. 

Recent results indicate 1ha1 reactions according IO the 
general Schcmc I ma) serve as a basis for a net+ 

protective group rechniquc of peptide synthesis.’ ’ 

In the present paper some model experiments designed 

IO yield information on rhe scope and limitations of this 
technique arc described. Particular emphasis was put on 
determining from which functional groups &haloalkyl 

groups could he removed by IhIs method. Such in- 

formation would indicate IO what extent the technique is 
applicable IO protecting functional groups in the side- 

chains of polyfunctional amino acids. 

Furthermore. the dependence of the reaction ralec on 

the structure of the alkylating agent I was studied. The 
results of such investigations may not only be useful for 
the further dcvclopmcnt of the protective technique 

mentioned above. but could also lead IO evidence 
concerning the mcchamsm of the alkylatlon of the 

supcrnucleophilic cobalt(l)phthalocyaninc anion 2. 
Among the supernuclcophilcs the cobalr(l)phthalocy- 

aninc anion i\ distinguished by it\ extraordinary stability 
under a variety of conditions and ics relatively weak 
reducing power.‘.’ The rcdox-prential of rhe cobalt(l) 

phthalocyanine anion is ,037 I’” whereas the other 
supernucleophiles like the cobaloximes or vitamin RI 
have &ox-potentials in the range -0.7 IO -1.1 V.” 

RFSULTS AtiD DISCUSSIOH 

In some prcparativc model experiments the reactions 
according IO Scheme I were studied in order IO find 
which functional groups could be protected by a & 

haloalkyl group. The reactions were run till the evolution 

of cthylcne ccascd. The results are listed in Tahlc I. 
The compound 6 obtained by four component con- 

dcnsation (4CC)” was fragmented analogously. giving 
the amide 7 in 40% isolated yield. 

(CHM-HN-OC CH-_(‘HCI? 

6 

Ph-Co-NH-CH_-<‘H_-Ph 

1 

The preparative studies wcrc supplemented by a cor- 
responding kinetic investigation of some reactions ac- 
cording IO Schcmc I. 

Rate data for these reactions uere obtained h) 

measuring the time-dependcncc of the conductivity of 
lhc reaclanls m mc~hanol soluliuns and/or by gas- 
volumetric dctcrmination of the ethylene evolution. The 
conductivity measurements were carried OUI under 
pseudofirst order conditions (halide cxcc~~ > 20-fold) 
while in the gas-volumetric measurements second-order 
conditions were observed. 

The change in the electrical conductivity during rhe 
reaction is due to the difference in ionic mobilit) bcr- 
ween cobalt(l)phthalocyanine anion 2 and the ions X 
and Y’ formed by the reaction. 
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In a given case the conductomctrically determined rate 
and the gas-volumetrically measured rate of ethylene 
evolution. corresponding IO the overall reaction. do not 
differ much (Table 2). This indicates that the frag- 
mentation step is as fast as. or faster than. the alkylation 
step. which seems IO lx ratedetermining. 

In IWO cases the characteristic alkylation products 3 of 
the first sitep of Scheme I were isolated. This may be 
interpreted as evidence for the assumed reaction me- 
chanism. Further, the ra~c of the reductive cleavage of 
the compound 3 (Y = PhCoO) by CobaWphthalocy- 
aninc anion was measured gas-volumetrically. In Table 3 
the time after which the reaction had proceeded IO 50%. 
!JO% and 100% completion arc recorded for the reactions 
according IO scheme 1 of the B-haloethyl esters 1fY = 

PhCW, X = Br. Cl). in which the compound 3(Y = 
PhCCX)) would be the inIcrmcdiaIc. as well as the 
reductive cleavage by 2 of isolated 3fY = PhCOO). These 
results arc further evidence that Ihc first step of scheme 
1 is rate-determining. 

Since the alkylation s~cp can tx assumed IO be rate- 
determining in reactions according IO Scheme I, it was of 
interest IO measure the rates of the reaction hctween 
cobalI(l)phIhalocyaninc anion and a variety of organic 
halides in order lo determine the reaclivity of the laller 
as a function of their slruclurdl features. The resulls are 
listed in Table 4. 

The reason why only primary alkyl halides were 
investigated is that secondary halides tend to eliminate 
hydrogen halide when reacted with 2. e.g. butcnc- I was 
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Table 2. The second order overall rate constants of come rcacbons according to Scheme 1 in rrklhanol at 25 
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produced in the reaction of ?-hromobutanc with co- 

balt(l)phthalocyaninc anion.” In several cases the 
measurements included a variation of the halide conccn- 

tration by a factor Z-10. The fact that under these 
conditions constant values for the calculated second 
order rate constants were obtained. indicates that the 

alkylation reaction proceeded by a second-order rate 

law. 
The relative alkylation rate of n-butyl halides mcreascs 

in the serifs Cl C Ar < I from 1 via ux) to MHM in a 

manner which is typical for an SN:! reaction. Similarly, 

the reaction rate was found to increase by the factor 
5 x 10’ when an a-phen 4 substitucnt was introduced, 

I. 
and by the factor 6x IO tn the case of an u-0x0 sub- 

stituent. Further. with monohalides the change of the 
group Y in 1 (Scheme It showed. in general, ncgligiblc in- 

fluence on the reaction rate. Note also the practically iden 

ticai re&on rates of the ?-bromoethyl benxoate and 
the WC-dipeptidc ?-bromocthyl cstcr. Branching m /3. 
position. however, leads IO ;I dccrcasc in alkylation rate. 
‘This is in accordance with an assumed S,:! mechanism. 
These results are similar to those observed by Schraurer 
and Ikursch”conccrninRthc alkylationof Cohaloximc~(l). 
Steric hindrance does not seem to be relevant to the 
~,~.~.t~chlor~t-but~l benroate. which reacts at ap- 

proximately the same rate as the 2.X!-trichlorocthyl 
benzoatc. In these cases. however. the rates could not be 
measured accurately due to the limitati(~ns of the 
equtpmcnt available. 

Further. the comparison of the reactivities of the 

mono-. 1 .I .&and 1, I, I-trichloroalkancs show a rate 
increase in the order CICHrR c CIJX-R 4 CIX-R 
with a remarkable jump in rate between the dichloro and 
the trichloro compounds. These results, in combination 
with the known slight tendency of gem-poly-haloalkancs 
to participate in SUZ reactions. indicate that at least the 
gem-trichloro compounds react with 2 by a mechanism 
which is different from that of the corresponding 
monochtoro-atkanes. It is not clear from the available 
data whether l.l~ichlor~than~ reacts by SNZ me- 
chanism or like the I.1 .I-trichlorocthane. 

All operalions involving coballIllphlhaIocyaninC derivatives 
were carried WI under S: 

.%tircnrs and rrorring marctialr. The solvents used McOH 
where not o~hcmIse stated) were deoxypenated by reIluamg in a 
N? almotphcrc and suhscqucnt disttllaIion. 

The supemuckophik lithium cobalt(lIphIhalocyanine wit\ 
prepared hy reduction of co~lt(ll~h~al~y~ine with dilrthium 
bcnzophcnonc in THF.‘” from which if crystalhzcd with 4s 
crystal THF. ‘The simple alkyl halides were all commercially 
available. They uere purilkd and dcorygenatcd by distillation in 
a S, atmosphere. The purity was confirmed by companng the 
b.p with the currrspondinp hterafure values. 

The 2-hrornocthyl. 2shloroeIhyl. 2,X-trichloroethyl and 2.2.2~ 
rrichloro-rert-huIpI csIcrs of bcnzor acd were prepared from 
bcntoyl chloride and the corresponding alcohol.‘J The urethanes 
?;.(?-chloroeIho~ycar~nyl). and N-C?-hromocthoxycar 



Table 4. TIK conductomc~ricaily detcrmincd second order rare 
constants of ~bc reactmn trruccn cobalr(l)phthalocyaninc anion 

and various orgamc halides in methanol al ZS 
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‘Erroneously given as 2.9 x IO ’ I/mol.sec In Ref. 2 

‘Corrected for a sratisrlcal facfor 2 
’ from Ref. 2. 

bnyllndinc respeclivcly were ohlamed by the rcaclion of 
aniline with 2chlorocthoaycarbonyl and 2~bromocrhoxycarbon)l 
chloride rcspccllvely.h’ 

The pcptidc denvativcs M&VaK’OUCH~CHJ3r.*’ I-Ru@ 

Ala-VaI-AlaC~O~H?CH?Rrb~ and ROC-Phc-Ala- 

oCH?CH&‘. were prepared according IO known methods. 
The purity of [hex compounds (after distillation or rccry- 

stallization) was verified by IR and ‘H SMR spcctroscop) and by 

satisfactory elemental analyses. n-Butyl ~osylak.” 2-bromocrh)l- 
phenyl ether.” 2.bromocthylphcnyl rhiocther” and N-(2- 

hromoelhyl)-S-mcrhylaniline’ ucrc all prepared according IO 

pubhshcd procedures Thcu purit) was confirmed by comparing 
the b.ps with literature values and by ‘H SMR spccfroscopy. 

Compound 6 uhlch was obtained by four component conden. 
sation of dichloroaceraldehydc. ~.hutyl isoncrnk. bcn?oK acJ 
and phcnykfhyhminc was kindl) provded by Mr. Hasso v. 
Zychlinsky and showed satisfactory IR. and ‘H NMRdara.” 

n-Bury/.coholr~lll~phrhafo~yaninr~R = CHI(‘HZ. Lithium 

cobalt(ljphthalocyamc (2.5 g. 2.77 mmol) and nhuryl bromide 
12 ml. co 20 mmol) in McOH (20 ml) were stirred at 20’ for I hr 
The blue pp~ was filtered off and was washed consccurively wuh 
M&H. warcr and M&H. Recrystallizatton from ‘THUpcntanc 
)-r&cd vwkt crystals of n-hut+cobal~(lll)ph~halocyanme (I.05 g. 
61%). (Found: C. 68.83: H. 4.02. N. IR.00 for CuH:,Coh’. C. 
6# 79: H. 4.01: N. 17.83). 

2~H~dmr~crh~/-cohalr(lll~phf~o/~~~~onin~ J(Y .- OH1 was 
prepared analogously by ~hc reactton of hthium co- 
balf(l)phlhalocyaninc with 2.bromocthanol.” 

2-Rm~oy/or~rfh~/-coholr(llI)phrh~h~cvon~ne 3(Y = PhUW)J 

was obtained by rhc reactton of 2-hydroxycthyltu 
baltlllltphthalo-cyaninc uffh bcnzoyl chloride in pyridmc.” 

Fragmenfafion of 2.bromorfhylphmyl cfhcr. Lithium co- 
balt(ljphrhalocyaninc (27.Og. 2.9 mmol) and ?.bromocthylphcnyl 

ether (2 Op., IOmmol) in M&H (ISOmU were slured af 20’ for 
80 mm During the reaction ethylene (138 ml. 62%) was evolved. 
Water (100 ml) w= added at 0” IO IRK deep-green suspcnslon and 
the mtxfure war aired for 5 min. The violet pp~ of co- 
balt(ll)phthakK-yaninc war ftitered ofI and rhe filtrate wa washed 
with dkthyl ether The aqucou$ phase war acldifKd using cone 

HCI and was extracted with drchloromethane. Evaporation of IIX 
solvcnr yKlded phenol (0.58 g. 62%). which was characteri& IR- 
and ‘H SMR-specrroscopKally 

Fragmtnfafton o/ !-bromorfhviphnyl fhioefhrr. Lrthium co- 

bahfl)phthalocyanine (4.75 8. 5 3mmol) and 2-bromocthylphenyl 
rhmcther (0.435 g. 2.0 mmol) in .Wd)H (30 ml) were stincd at 20” 

for 95 min During the reaction cthykne (33 5 ml. 7%) wac 
evolved. To the deep-green suspnslon water (30 ml) was added 
at d and rhc mixture was iwed for 5 min. The deep-blue ppl was 

removed by ccnrrifugation and the centrifugate was washed with 
dkthyl ether. After 5 days colourkss ncedlcc of diphcnyl 
dtsulfide (0.131. 60%) were ohlaincd by filtration of Ihe aqueous 

phase. m.p 6@ (lit. m.p 619 
Fragmcnfafion o/ ?;.(2-bromc~fhy/~N-mrrhylonilinc. Lithium 

cobalr(l)phtbalocyanme (6.30. 7.0 mmol) and N-(2-bromoctbylt 
X-mcrhylanihnc (0.43 g. 2 0 mmol) in MeOH (40 ml) were stirred 
al M for 16 hr. No gasevolution was observed The deep-green 

suspension was acidified al 0” using I N HCI. The deep-blue ppl 
was filtered off and the fihrarc was washed with dicrhyl ether. 
The aqueous phase was made alkaline using NaOHaq and was 

extracted with dichloromethanc. Evaporation of the solvent 
yielded K-mcrhyl~anihne (O.l!g, 53%). wluch was characterized 

IR- and ‘H NMR-spectroscopically. 
Fragmcn fafion o/ rhr JCC producf b. Lithium CO. 

balt(l)phthalocyaninc (2.6g. 2.9 mmol) and the 4CC producr 6 

(0.441 g, 1.0 mmol) in Y&H (20 ml) were stirred al ?o” for 24 hr. 

The deepgreen mixture was then acidified at (P usmg I N HCI. 
The deep-blue ppl wti filtered of7 and was washed with acetone 

and the filtrate was evaporated The residue was dissolved in 
dlchloromethane. washed consecutively with I S HCI. wafer and 
NaHCO,aq. then rhc solvent was evaporated. ‘The crude product 

thus obtamed wit\ chromafograpbcd on silica gel using dich- 
loromcrhanc as eluenr. After recrysdlitntion from dich- 

loromerhanelpcnrane. colourlcss crystals of IR and ‘H NMR 
\pccrroscoptcally characrcnzed compound 7 (0.09g. 40%) were 

obtained. m.p. 114” 
Fragmtnfafion of I.!-dibromtihant. Lithium CO- 

balt(l)phfhalocyaninc (5.1s 8, 5 7 mmol) and I.2dibromoctbane 
(0.376 g. 2.0 mmol) were stirred in M&H (30 ml) al 20’ for 2 min. 

Dunng rhe reaction ethykne (33ml. 74%) was evolved Waler 
(3Oml) was added al Q IO the deep-green suspension. then air 
and CO? were bubbled lhrough ~hc mixture. The deep-blue ppl 
was remobcd by centrifuparion. the ccntrlfugak was washed 
with drchloromerhanc and then fdkd up with water to 5O.Oml 
The amount of bromide ion present (3.X mmol. 885E) was dckr- 

mined by Bohr-titration of IWO aliquors. 
7%~ prtpamfivr jragmenfafion of fhr fi~haloefhyl tsftrs and 

urrfhanrs was carried OUI rn a Gmilar manncr.bJ 
FraRmnfalrmt o/ fhr isolaftd ?-bcn:oyloryrfhyl-co- 

ba/r(lll)phrhalocyaninc J(Y = PhC’oo) I.irhium 
halr(l)phthalocyanmc (I.6Og. I 77 mmol) and 3(Y = PI&& 
1.28g. I.77 mmol) were stirred in deoxygenatcd acetone (IS ml) 
at ?(P for 45 min During the reaction tthykne evolution was 
measured (44.5 ml, I II%) Water f IS ml) was Lhen added IO the 
mixture al (P and the deep-blue pp~ of cohalr(llbhthalocyaninc 
(I .87 g. 93%) was filtered off ‘Ihe fihrale was washed with dxthyl 
crhcr. IIX aqueous phase was a&tied using I N HCI and sub 

sequentI) extracted with dichloromcthanc. Evaporation of the 
solvent yielded bcnzoic acid (0.1418. 66%:). m.p 118-11~ (lit 
m.p. 12-X) 

lkfrrminafion of raft conrfanfs by #or-columtfric 
mcasurtmtnfs. In the fra,gmcnfaImn cxpcnmcnls lhe concen- 
rratton of organic halide war co. 0.1 M. Tht hakies wcw added 
as a mcrhanolic $olutton (volume ca 5 ml) through a dropping 
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funnel. which was connected with a gas-horerrc. thus the e\olu- 
uon of gas as a function of time could bc followed. In 0x case of the 

fragmenlalions mkolrmg !~bromoethor)carbon)lanillne and 2. 

benroyloxyerhyI-c~alt(IIIIphthalocyanrne the gas evolved con- 

sisted. according IO analysis, quanritarively of ethylene. 
The eqn (1) is rhc MIS for the calculahon of rhe second order 

MC constant kj for ~hc overall reactron OUI of the gas-volu- 
melncall) dctcrmmcd data 

I-!x 2-Y -4-!x>.X (I) 

I I!!d?l 
[$ .-[$n [zld!l = k:l 

[! I = conccntralmn of organrc hahdc 
[z] = concentration of cobalt(l)phthalocyanmc amon 

I’ - gasvolume of ethylene 

The maccuracy of the IragmcnIalron ralc constant k2 IS estimated 

IO be I-cm. 
Gmrral prorrdurr /or rhr drremrtnat~on of rart conslanrr h, 

ronducfomctnc mcasunmcnfs. .4 conduc~rvi~~ cell was filled 

wtth 25 0 ml of a MeOH soln of lithium cobahtl~hthalocyanme. 
whose conccnfratmn varied between co IO ’ !4 and IO ‘M 

dcpcndmg on the rcrpcctrvc reaction rate. and thcrmosfatlzcd ar 
25 f 0. I’. ‘Ihe organrc halide. either neat or as a soln of the halide 
in Mc0H. was mjcctcd with a syringe. In all experiments rhe 
organic halide was In more than !&fold cxccss cs the super. 

nucleophilc. m order 10 ensure pseudo first order reachon con- 
ditions. The conductrvrty wa\ measured as a function of rime 
using a Wayne Kerr Aulobalancc Universal Bridge B 642. The 
pseudo firs1 order rale constants u’crc ohtamed from the con- 
ductivity data with the computer program LSKIS I ” The 
second order rate constants wcrc rhcn calculated from these 
values and the known conccnlrations of the halides. The specific 

rale constants reported in Tables 2 and 4 arc the average of 24 

determinations The average deviation was always less than r9% 
and generally less than ~5%. 
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