
ELEC~OPHILIC REACTIONS OF CHLORIN DERIVATIVES 
AND A COMPREHENSIVE COLLECTION OF 13C DATA OF 

THESE PRODUCTS AND CLOSELY RELATED COMPOUNDSt 

Iptbepresentworkweteporttbw:coatinuedstpdyoftbe 
reaction of various chlorin and pbaeo~A&idc d&a- 
tiveswithekctrophiEctetgents.The’Cdataforthese 
andp!WioWlyprepand~tmdsarepresentedand 

Dur& t& partial ayl&esis’~ of [3-ethyQhcte+ 
P methyl ester (l), (from CWoroprxY 
iziZ!Z~rn cbioria+ trimethyl ester (2) and 
[3ett&chbrin~ tlimllyl ester (3) several inter- 

R’ FT 
l-4 CH&Hs 

14 CH&Hs 
24 w&H, 
= CHiCHa 

!kbcm 1. 

mcdiata were prepared with various substihlents at 
position 20 of the macrocyck. Substitution of the 20-H 
atom of 3 was in&ted by e&be reach with 
chloromethylmethyf c&r4 or by a Vilsmekf formyi- 
ation to give the ~y~x~yl and #cformyl 
~,~~y*~w~~~~~Me 
compoandandtbe* was cksai between C-13’ and 
C-15’. Fiiy the 13 -mcthoxyaubonyl gmup of the 
resulting product was removed pyrolytically. !Syntbetic 
procuhns and spectroscopic data&JMut from the “C 
NMR data, are pubhbed elsewhen. 

TlJesameworkreporkdtllepr@amthand 
identi6cath of rehted compolmds from cbbrophyn~ 

pimXbidHmethylester(1)wasideatial,tol.~ 
compo&waspmduccdateacbioterm&&Jttoetbat 
‘%NMRspectncouldberecorded.Thusdahfortbe 
following are reported hue: 2,3, r3-etllylj-2&fomlyi- 
chloribcr -ykster (9. [3-ethyll-2o-hydroxy 
cblorill-e6 trhthyl ester (6), [34lyIj4hEtboxy- 
methylcllkria* trim&g ester (7) and &uhyiJ-2& 
mctbylchbrincr, trimethyl ester (8). 

~~~of~~vea~of~~~~ 
pdUCtSW~i&tCd&i&ll~Cd,tbeplrrise~ 

of which were iW&ated in ORkr to widen our know- 
ledgeofthebehviourofth!edihaltreacthceotresof 
chbrin derivatives. In addith several reactions coll- 
netted with this compkx question were iavesti@ed. 
Qualltitimofmanyoftbeseco~were~t 
to allow ‘% NMR spectra to be taken. ihrhrg tbc 
~nof2~3,~rn~~w~~- 
ture isolataj from spitaach? several side products were 
imlatedandpiu%edby WY. Tints those 
fehtaitochioropbyua~fbln?ochkrrhr~ylester 
(9). isochh+ dimethyl ester (10) aad purpurh-5 
dill&y1 esta (11). 

Tbereac&srummahedaboveof~scblorin 
derivatives with elm reagents raised several 
qnestiollsreprdiqldaereactivityofcultrcsintlle 
moka&.I%csewereclarSdbyther#cti6aseque-s 
desc&al bdow. 
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Scheme 2. 

!Mectiue viiwleier-fonny&tion of the Ivinyl gnwp of 
2.NichoPhascarriedoutaVilsm&rreacGonon2in 
which he heated the iron0 complex with POCI, in 
dimethyl formamide for 90s~ at loo”. He obtained a 
numoformyl compound in which the 3-vinyl group had 
reacted together with a second diformyl compound in 
which tbe Ivinyl group had reacted and a formyl group 
had been inuoduced at position 20. Ikmetalation with 
concentrated sulphuric acid of the correspondin cop 
per0 and nickel(II) complexes of related formylated 
compounds caused loss of the formyl groups in the 
products~ However as the formylation of the copper0 
complex of 3 gave the Bfornlyl producf we were 
interested to see if the copper(U) complex of 2 could be 
formylated usin the same condiuons, and if through the 
use of a lower reaction temperature a selective formyl- 
ationof2waspossii.Tbereactionwascarriedoutat 
#p and only 3z_(E)-formylchlorin-e6 trimethyl ester (12) 
waa obtained. The co&uration of the side chain was 
detenniaed from a comparison of the proton coupling 
constants of this fragment with those of maw cro- 
tonaldehyde.’ 

Clrlorincrion of 2. Compound 2 was reacted by the 
method of Jeckel’ with hydrogen peroxide (3096) and 
hydrochloric acid in order to see if the 3-vinyl group 
would be again attacked 5rst. Tbe only product isolated, 
however, was 2O-chlorochIorin+ trimethyl ester (13) 
withthevinylgroupintact.Thusthereisnotageneral 
preference of ekctrophilic reagtents for t& 3-vinyl group 
as suggested by the formylation reaction. The basis for 
the selective formation of 12 must lie primarily in the 

greater steric requirement of the Vilsmeier complex as 
the 3-vinyl group is less hindered than the 2tl methine 
bridge position. 

Pnpamtion of a ptiphotbide-a duic#ivc with a 

2Gfonnyf subst&ncnt. Previous attempts at formylation 
of pyrophaeophorbide-a methyl ester had caused reac- 
tion to occur exclusively in the isocyclic Suembered 
rin9 rather than at position 20. An alternative way to 
generate a 2tLformyl substituted phaeophorbiia 
derivative was to effect ring closure9 of S to give [3- 
ethyll_2Gformylphaeophorbide-a methyl ester (14). ‘Ihe 
amount produced, however, precluded any attempt at 
synthesising the B-Me compound 4 from this inter- 
mediate. 

Scpamtioa of a mixtun of chlorin daivatiw w&h wry 

small di@renccs in polarity For further completion of 
our “C NMR data collection of chlorin derivatives we 
would Iike to thank Prof. H. H. Inhoffen for supplyine us 
with a mixture contain@ 9, 10, phyllochlorin methyl 
ester (15) and chlorin+, dimethyl ester (16). TIC of the 
mixture showed a long, unresolved spot that contained 
severalcompoundsascanbeseenfiomits’HNMR 
spectrum. Preparative low pressure chroma@xaphy’o at 
6bar,tJuoughacohrmnpackedwith 1Op silicagel,gave 
a quantitative separation of all four components upon 
elution with n-hexane/acetone (10: 1); the order of elu- 
tion b&g 15,9,16 and 10. 

Pnpuurh a& chlon’nahn of [IcthyWochforin-e~ 

dimethyl ester (17); Compplmd 10 was hydroeenated to 
17usingap&dumsWated&rcoalcatalyst.An 
expect& tbe chlorination of 17 gave a mixture of 
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chlorinated products. It was already known that por- 
phyrin derivatives react with sulphuryl chloride to 8ive 
substitution at the methiue brid8e C atoms.” Sii 
reactions of the methine brid8e protons occurred in 17. 
InadditioaalS’HatomofthelS-aaticacid~~~ 
wasreplacedevcnthoughitisnotindirectcomactwith 
tberingcurremofthe macrocycle. work up in sodium 
acetate solution 8ave exchange to the acetyl derivative. 
Thus the 5rst cabin reaction lead to tbe following 
products (in the order of their polar&y): 15’ - acetoxy - 
20 - chloro - [3 - ethyl] - isochlorin - e4 dimethyl ester 
(IS), 15’ - acetoxy - 1020 - dichloro - [3 - ethyl] - 
isochlorin - cr dimethyl ester fl9), lOJO - dichloro - [3 - 
ethyl] - isochlorin - e* dimethyl ester (29) aud 15’ - 
acetoxy - 5,10,13JU - tetrachloro - [3 - ethyl] - isochlorin 
- e4 dimethyl ester (21). The desired product, 29 - cbloro - 
[3 - ethyl] - isochlorin - Q dimethyl ester (22), was not 
isolated which suggested that it had reacted further dur- 
ing the reaction. This was shown to be the case by 
performing the chlorination under milder conditions 
(shortening the reaction time and decreasin8 the amount 
of reagent), Thus a selective preparation of 22 was 
performed in which the reaction was stopped when 5096 
of 17 had been converted. 

A further question of interest was which compound 
was produced after 22. A second modi5cation of the 
reaction conditions allowed isolation of only the mono 
and dichloro compounds, 22 and 29 respectively. That 
more l@hly chlorinated products, to8ether with the lS’- 
acetoxy compound 18, had formed under loager reaction 
conditions suggests that the methine-brhlge position 25 is 
5rst attacked, followed by metlrinebrid8e positioa 10. 
Concurrent with the latter attack substitution must take 
place at the lS’-H atom inorder to give 18, as well as 
reaction of 18 or 29 or both to give 19 after a longer 
reaction time. 

Usin8 a similar method to the above 3 was selectively 
chlorinated to 25 - chloro - (3 - ethyl] - chloriu - e6 
trimethyl ester (23). 

13C NKR invea@tion of the chforfn deriv&cs. The 
quantities of material produced for many of the com- 
poundsinthisandrelatedsyntheticstudies’~ofchlorin 
derivatives made it possible to nm 13C NMR spectra. In 
allcasesthesedatacon5rme4lthenatureofthereaction 
products and have enabled us to assemble a comprehen- 
sive collection here. In doin so it has been possible to 
assign many of the si8nals belongin to the quammary 
pyrrolic carbons as we5 as those of the hydrogen bear& 
carbons. In order to do this, however, it was m to 
make reference to the literatme. 

Boxer d 4.” have reported the important assignment 
of~q~p~~~n~s~~i3~ 
spectra of chlorphyll-a and its magne&m-free deriva- 
tive. pbaeophorbide-a methyl ester (24), by tba use of 
heteromrclear INDOR experiments. The only d&t&s 
arose in the assignment of the .9$nals of carbons 13, 14 
and 16. Recent relmrts of the 3c spectra of 24, the 
results of an extensive study of many metal-free deriva- 
tivesofvariousbacte&lorophyllsanddatafromtbe 
present study indicate that these latter three aM8MWms 
are incorrect. Thus smith and UnswortlP report for 24 
two owlappiqg quaternary signals at 125.3 ppm and only 
ones~atl726ppm~oxerct(J.rrqaincMeandtwo 
signals at these positions respectively). The signal at 
128.3ppm also overlaps with the !&ml of the viuyl 
~,~3~.~~~~t~~by~ 
observation of two distinct quamrmuy carbon si@s at 

125.0 ahd ‘1252 ppm for [3&y&plmeophorbiia 
methyl ester (2S). ’ Thus the s&al at 172.6ppm 
(173.3 ppm Boxer et 4) belongs to only one C atom. fn 
or&r to be wnsistmt with the INLXIR nsporurs only 
the signal belonging to C 13 could be at 128.3ppm. 
moreover such a high 5eld signal for an a-pyrrolic car- 
bonisunlikely.ThisassigumentalsoindicaW&atthe 
s~of~l6~~~y~.R~nt 
work su8gests that the signal of 16 is to low 5eld of 14 
and this will be assumed here. Thus the corrected 
assignmems of the qWernary carbon si8nals of 24 are 
shown in Table 1. For comparison purposes we have 
rerecordedthespectraof24and25andrelxWtherethe 
assignment of the carbon signals of 2 to l&15 to 17 and 
221025. 

A&nmarts and d&us&n of 13C data All the data 
and assi8nment.s are reported in Table 2. 

compoWlds2$.Mand2!l 
ify&rgen baprfng ca&m.r. These s@als of 224 and 

25 have been ass@ed previously.‘3*‘4 The assignments 
for 3 follow imme&tely from these and from the 
SFORD experiments. The only notable dilference be- 
~~n2~3,~~rn~c~~~~s 
associated with the 3-substituent, is the up5eld shift of C 
2’ aml down5eld shift of C 5 caused by the sub&rent 
chan8eatC3withC7’beiiunchan8ed.Thesame 
occursoncomparingWwith24.lbeas&nnmntreversal 
for C 17’ and C 17’ is nuted below. 

Qmatemary carbons. These were made by comparison 
with the above revised literature assi8nment of 24. All 
the lowest field signals belonging to the carbonyl carbons 
amlcarbons16amll9wereas&nedbycomparisonwith 
24andforinternalconsistency.Tbesi8nalofC 19in3was 
~~~rn~~Cl3’by~s~do~ds~~ 
~~rn2~3,~f~~~~~~~. 

~~Of~,2~3~~~~lY~~ 
~~~ntof~a~sfor~6,C9,C2~Cl2 
TbesignalforC13ia2snd3wasthe~~~signal. 
Ibe di5ereoces between the effects of vinyl and ethyl 
substituems in aroma& systemP immed&ly allows 
tberemainin8ass@mentsin25tobemade.Forcon- 
sisteucy in the con@sonof24with2!!andof2with3 
thesignalsofc1andc3needtobeassignedasshown. 
Theremaitl&signalsfor2and3couldnotbeunam- 
b$musly identilkd and lie in the re8ion 135.6*0.8ppm. 

The subs&sent chan8es associated with the change of 
an ethyl for a vinyl group are only short range. The 
ckavageoftheEringarelon8erran8eandcanbeseen 
~~ve~~~~~~~~ly~~rn~ 
~~~~of~~lesys~~~~ 
the mesomeric i&era&on of the 13’ carbonyl with the 
~l~~s~~~c~~~of~e 
signelsofC16aDdC14s~~theviewthatC14igto 
l&h5eldofC16.The&rueatcban8ebeingassoc&d 
with C 14 which could interact conju8aGvely with the 
planarcarbonylofringEiu24and25. 

0m&gdssdss~ (the 24L$wbMit~ ChhfR-c, 

H~-~corliorur.compraison*3andthc 
resultsoftheSF0RDspectraallowedthea+nmentof 
allthe&nalsintheregion27-110p$m.I%ecolWancy 
oftbehfesigualsofthe Wbomet&xy groups allowed ‘ 

~of~$~s~C 17andC 18. 
R~~~~~~~~~ 
tioa that the si&s of c 17’ and c 171 are not inter- 
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1 141.9 

2 131.6 

3 136.3 

4 135.9 

6 155.3 

7 135.9 

a 144;9 

9 150.7 

11 137.8 

12 128.8 

13 161.2 

14 149.6 

16 173.3 

173 173.3 

133 169.7 

19 172.0 

141.3 

131.1 

135.7 

135.7 

155.0. 

135.3 

144.2 

150.0 

137.2 

128.3 

I 

128.3 

160.5 

149.0 

172.6 

168.9 

171.4 

142.04 

131.79 

136.47 

136.16 

155.58 

136.16 

145.11 

150.95 

137.96 

129.02 

129.02 

149.70 

161.23 

173.34 

169.61 

172.15 

?? 
189.59 (131) 

173.34 (173) 

172.15 (19 

169.61 (1 3J .) 

161.23 (16) 

155.59 (6) 

150.95 (9) 

149.70 (14) 

145.11 (8) 

142.04 (1) 

137.96 (11) 

136.47 (3) 

136.16 (4) 

136.16 (7) 

131.79 (2) 

129.02 (12) 

129.02 (13) 

129.02 (31) 

122.64 (32) 

105.28 (15) 

104.33 (10) 

97.47 (5) 

93.09 (20 

64.77 I (13 ) 

52.81 (13’) 

?2 ? 
189.66 (131) 173.54 (173) 

173.41 (173) 173.00 (16*) 

172.58 (19 J 169.50 (19 1 169.73 (13 ) lbB.50 (13 ) 

160.89 (16) 166.84 (16) 

155.70 (6) 154.80 (6) 

150.63 (9) 148.91 (9) 

149.79 (14) lU.91 (8) 

145.12 (8) 139.47 (1) 

142.88 (1) 

141.94 (3) 

135.76 (7) 
131.48 (2) 130.46 (2) 
126.69 (13) 129.38 (12) 

128.46 (12) 129.29 (31) 

105.07 (15) 123.48 (13) 

104.34 (10) 121.53 (32) 
96.17 (5) 102.24 (15) 

92.50 

64.72 

(20 1 102.08 (10) 

(13 ) 98.64 (5) 

52.88 (lj4) 93.49 (20) 

51.U (174) 53.04 (17) 

51.07 (17) 52.97 3 
.., 

(!jL) 

s 
173.53 (173) 

173.09 (152) 

170.13 (19 

169.58 (13 1 ) 
166.36 (16) 

154.83 (6) 

148.48 (9) 

145.11 (8) 

140.93 (3) 

140.48 (1) 

136.29 (14) 

135.89 (11) 

1 

135.35 (7) 

135.25 (4) 

130.32 (2) 

128.90 (12) 

122.95 (13) 

102.44 (10) 

102.12 (15) 

97.37 (5) 

92.93 (20) 

52.93 (17 

52.93 I (13 ) 
52.01 (Id) 

51.56 (174) 

.s P 
192.12 (201) 174.13 (173) 

173.55 (173) 172.93 (152) 

172.65 (15*) 169.37 (19 

167.14 (16) 153.76 (6) 

154.02 (6) 149.76 (9) 

149.77 (9) 144.81 (8) 

124.01 (13) 106.93 (20) 

106.16 (10) 102.52 (10) 

105.98 (20) 101.63 (15) 

103.33 (15) 98.72 (5) 

102.98 (5) 61.30 (2d) 

53.76 (17 1 54.05 52.98 (13 ) 52.92 (17 1 (13 ) 

52.01 (l$) ‘52.04 (153) 

I 8 
173.68 (173) 173.59 (173) 

173.04 (16*) 173.06 (15*) 

169.910 (19 169.56 (131) 

171.91 (13 1 ) 169.56 (19) 

166.06 (16) 165.14 (16) 

153.80 (6) 153.41 (6) 

149.60 (9) 149.94 (9) 

144.81 (8) 144.48 (8) 

143.54 (3) 142.69 (3) 

141.73 (1) 139.98 (1) 

123.4a (13) 123.58 (13) 

104.14 (20) 104.73 (20) 
102.53 (10) 101.32 (15) 
101.61 (15) 101.07 (10) 

96.69 (5) 97.61 (5) 

71.14 (2d) 53.42 59.57 (2G) 52.94 
(17 i 
(13 ) 

53.76 (17) 52.02 (153) 

52.93 (132) 51.59 (If) 



51.64 (17’) 

51.21 (17) 

60.17 (18 

31.12 

f 

I (17 ) 

29.92 (171) 

23.06 (18’) 

19.34 (8’) 

17.32 (82 

12‘01 1 (12 ) 

12.01 (21) 

11.06 (71) 

62.01 (163) 49.55 (AS 

3 2 
173.48 (D3] 

172.82 (lS2) 

173.81 (173) 

169.28 (13l) 

168.26 (19) 

171.16 1 (ld 1 167.04 (13 ) 

166.62 (la)* 

166.38 (16) 154.19 (6) 

153669 (6) 149.54 (9) 

l50.41 (9) 144.75 (8) 

124.31 (13) 121.68 (32) 

105.52 (20) 119.03 (1 4 ) 

102.43 (15) 101.98 (Id) 

101.75 (10) 98.85 (‘5) 

98.92 (5) 96.s (15) 

53.14 (17) 

53.02 (132] 

92.84 (20) 

52.05 (X3) 

54.76 (17) 

51.78 (132) 

19 11 
173.66 (173) 191.60 (15l) 

173.48 (lS2) 173.37 (173) 

166.29 (19) 173.16 (19) 

166.06 (16) 171.32 (16) 

152.66 (6) 167.33 (13l) 

149.21 (9) 154.81 (6) 

144.04 (8) 149.M) (9) 

119.23 (13) 122.66 (13) 

101.99 (15) 122.66 (32) 

100.73 (10) lU6.80 (15) 

98.96 (5) 106.60 (10) 

93.23 (20) 102.11 (5) 

52.94 {17) 93.99 (20) 

52.10 (153) 52.51 fl?) 

15 !P 
133.88 (173) 173.78 (U3f 

167.63 (19) 170.11 (13$ 

165.29 (16) 168.94 (19) 

152.89 (6) 165.45 (16) 

149.04 (9) 154.66 (6) 

144.01 (8) 148.83 (9) 

121.00 (32) 129.39 (12) 

119.53 (13) 124.21 (13) 

104.08 (15) 121.42 (32) 

lW.16 (10) 105.45 (15) 

98.24 (5) 101.47 (10) 

93.12 (20) 97.94 (5) 

93.41 (20) 

f 53.33 (17 

48.79 (LB) 52.79 (13 3 ) 

IE a 
173.76 (E2) 173.75 (lS2) 

173.62 (17) 173.50 (U3) 

168.64 (19) 167.18 (19) 

165.43 (16) 166.52 (16) 

152.77 (6) 151.76 (6) 

148.66 (9) 150.81 (9) 

144.16 (8) 144.00 (8) 

140.27 (3) 142.36 (3) 

118.72 (13) 120.28 (13) 

IOl.84 (15) 105.34 (20) 

101.11 (10) 102.35 (15) 

97.79 (5) lW.35 (IO] 

92.63 (20) 99.42 (5) 

52.60 (17 3 53.11 52.14 (15 ] 52.18 (17 3 (15 ) 

51.46 fl?‘f 51.58 (174) 

49.16 fl8) 46.77 (18) 

51.56 (17’) 51.53 (17’) 51.45 (17’) 52.32 (132) 30.97 (172) 51.60 (174) 39.06 (dj 39.61 (15’) 

11.23 (7l) 

5 The shifts ara bracketed rrlure the l ssigrmts wa mcwt~in and tha relevant carbarr ore gfven In 
dmxmdlng nwrlcal or&r. For the rrrigrrt of Cl?l and C172 HI the tut. 

1, Cl6 is either at 167.04 or 166.62 ppn. 
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changedincompound3andtheaecompouluk,thehigher 
5eld signal shows the @eater sub!3tiWnt shift varktion 
(216ppm compared to 049ppm for the lower field sig- 
nal). As a monotonic fail off of substituent e&cur would 
beexpectedandiaobservedforC 17.c 173aMlc 174, 
thehi&er5eldsignalistentativelyassignedtoCl7’and 
thelower5eldoDetoClT.ThkisWntrarytopreviou’? 
assilprmeats which have relkd on aawmed protonation 
shifts” or upon comparison” with chlorophyll-a T, 
mmsurementa.“~” of the remaining hi@’ 5eld signals 
those of C 7’, C 12’, C 32, C @, C 3’. C 8 and C 20 (in 8) 
were ass&d from their relative constancy and/or 
multiplicity in the SFORD spectra. Tbe two signals that 
show promnlnced substituent shifts beloll to c 2’ and c 
18’ with the latter to low&Id of the former. 

~c~.comuarkonwith3andthe 
expected relative coMtancy of the co signals allowed 
unambi8uous as&nment of c 11, c 19, c 13’, c 19, c 
16, C 6, C 9, C 8, C 3, C 1, C 12 and C 13. In 23 the 
signakofC8arulC3&ouldbesimilartothoseof6-8 
whileonlythatofCliscxpectedtobed&rentand 
&acebtohiph&Id.ThesignalsofC2andCl2were 
verycbseaadnoattempttoseparatetbemhasbeen 
flWde.SkliMytlkl-emainin8~CanaotbemuUll- 
bisnouslyassigned 

The mu@lkity of the methLbrid8e (mesokarbon 
signals in the SFORD spectra showed that mwo sub- 
stitutionhadtakenplaceinthe3ecompoundsandthe 
shift change’r were only compatiie with these being at 
the meso position between rings A and D. The ~&MC 
substituent in 8 has e5ect.q upon the carbon signals of C 
2’ and C 18’ similar to those of a bromo substituent in 
pyrophaeophorbide-a methyl ester inve&ated pre- 
viously.” Arguments have been presented to suggest 
that the major cause of these effects was distortion of 
the macrocyck with concomitant loss of the planarity of 
the aromatic system. Thus the decreased shielding upon 
2’ is similar to that found on 5oirtg from l-methyl- 
napbthakne to 1,8dimethylnaplnhalene and is in the 
opposite direction to the usual steric crowd&j effects 
which cause up5eld shifts. Previously the quatemary 
carbons could not be assigned hence distortion effects 
which should manifest themselves elsewhere in the 
mokcuk, in particular in the macrocyck carbons, could 
not be observed. That loag range effects are preeent is 
ckarlyseeninthiscasewhereJienelsofC6andC9 
show pronounced shift changes (> 1 ppm). 

Theshiftchan8esfoundfor6and7comparedwith8 
are relatively short range and occur in the vicinity~0f the 
substituent, arising presumably mainly from the polarity 
of the substituent. Long range changes are only small 
snggestingchangesduetothebulkofthesubstituentare 
small. Tbe introduction of the fomyl stitituent in 5 
causes-changcstothoseassociatcdwiththe 
bulk of the sub&treat. Thus the substituent changes at 
the non-substituted mtso carbons ( + 5.61 (C 5), + 3.72 (C 
10) and + 1.21 (C 15) ppm) must arise primarily from a 
meaomeric interaction of the substituent with the 
macrocyck. 

componndr 9 to 11, IS to 17 and 22 
These compounds have the basic stmctures of 2.3 and 

2jwithmodificationsatcarbonsl3aPdIS.’%NMRhas 
been used to identify these and only one structure in 
eachcasewascompatibkwiththespec&a. 

Hydrugen-beurtng clu6oRs. CompourKk 9 to 11.15 and 
16 were compared with 2, 17 with 3 and 22 with 23. 

Theee, toge&er with the muhiplicity of signals from 
SFORD sptctra allowed straight forward aaa$uuent of 
the signals. only those signals of 17’ and 17’ in 9 and 11 
cotddwtbeunamb&ouslyassigned.For11themeso 
carbons were assigned as follows. From a comparison 
with2andtbeSFORDexperimentthesignalsofC2O 
and c 1s were immediately aa!&ned. The remaining two 
SigMlSWLTC&lSigMdtOgiVClI?MO&k shift5 for both 
re’lonancea compared to 2 (C 5=+3.47 and c lo- 
t 4.72 ppm). The al&native assignment would give sub 
stituent shifts (C S=t8.16 and C lO=tO.O3ppm) that 
imply substitution at C 5, a situatkn ipcompatiile with 
the rest of the spectrum. 

QmataMry car&m& The above comparisons allowed 
the assignment of C 17, C 6, C 9, C 8, C 13 and the 
signalstobw5eldof 16Oppmapartfromthoaeof9and 
11.Oftheremaining&nalsonlyClin16,C3in17and 
22,2,ndCl2in16,9andllcouldbeunambigourly 

The chlorin and phaeophorbide ring systems have the 
po.ssibility of existin in several tautomeric form.9 with 
tbetwoHatomsboadinetoanyoftbepyrrolicNatoms. 
The nonequivalence of the four pyrrok ring requires 
that the energies of the various possiik forms are un- 
equal. llle shaqmesa of the resonance lines and the 
absence of differential broaden@ in the present “C 
spectra indicate that either only one tautomeric form is 
present or that on the NMR time scale the exchange 
between the various forms is fast. Evidence from ‘H 
NhfR spectra indicates that chlorin exists predominantly 
in one tautomeric form with exchaqge between the two 
protonshavinjta coakWXetsmperatureneartoroom 
temperature.’ For the phaeophorbide system only one 
form, without exchange at room temperature was 
observed.” The nature of these preferred tautomeric 
forms may be inferred from the present “C data. 

Inallthecompoundsstudkdtheapyrroliccarbons 
(1,4,6, etc.), in those compounds where they have been 
assigned, have shifts over relatively nanow ranges and 
these are shown in Table 3. Tbe effects of sub&tuents 
on the 5 pyrrolic carbons (2$,7, etc.) may be assumed to 
be constant to a 5rst approximation. The only probkm is 
the 15-substituent and the direct attachment of the CO 
function to C 13. Compound 9,‘with a hydrogen on C IS. 
indicates tbat the average shift for the (I pyrrolic C 14 is 

Table 3. “C chemical shift ranges for the qua- pyrrolic 
calboasu’atbavebeenassipwd 

. 
Carbon Range Average No. of compounds 

1 138.96 - 142.88 140.86 a 

2 130.38 - 131.79 130.89 5 

3 136.47 - 143.66 141.67 9 

4 136.14 136.14 1 

6 151.76 - 155.70 153.97 16 

7 136.16 - 135.75 135.96 2 

8 144.00 - 145.23 144.68 15 

9 148.48 - 150.95 149.59 16 

11 137.96 137.96 1 

12 128.69 - 129.39 129.08 5 

13 118.72 - 129.02 122.92 15 

14 149.70 - 149.79 149.74 2 

16 160.89 - 167.44 165.36 14 

19 167.63 - 172.58 169.55 14 



r)s%4 

A 
141 N NB1ao iclii ‘* DN c 

loa ew, 

~~ylow~~~~of~s~~~ 
wouldbetoh@iIeldof 14Oppm.Tllustbeavemg@da 
pyrro* a&bon shifts are Wmaksed in Fig* 1. It is 
~y~nt~~~~~~~ 
riagsAandCareconsiderablymoresbieldedthsathose 
ofrhgsBandD.Tbesbiftsofr&Dcahonsaretbe 
lowest field and are in the region associated with imino 
carbon (CM) resonant.” 

T&usthepMominantteutomericfo~bastbeH 
~~on~~y~~p~~A~C. 
Ws coti is in keepiog with MO cshWons,‘9 
withtbe’HNhfRstudiesmentionedabovaaodwithtbe 
results of the crystal s- of pbaeopborbide-a 
methyl esterpD The lattez found electron density greatest 
atsitesforHatomsonriagsAandC!althou&disorder 
for these atoms was apparent. 

scltcnlc 4. 

#tfasisfoundon~~11and~(c5=t3.~;c 
lO= +4.22; C #)= t LlSppm). SimiWy mesomeric 
electron withdrawl at carbon 20 redocu electron density 
atcarbons5and 1Ofnot l~~~fo~on~~5 
and 3 (C 5 = t 5.51; C 10 = t 3.n; C 15 = t 1.21 ppm). A 
preponderance of a&em&e tautomerk forms does not 
furnish a satisfactory exphatioo of these consider&k 
ShiftS. 
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(ate&O). l@Scm-’ (“chbriu be&)$ UV: A= (ml. iet.) 
k(34). 610 (3), 527 (37). 497 (8). 399~1 (100). fsochkhe, 
dimcthvl ester Il.). ‘H NMR: 6 9.74 IIWh 9.74 (S-H). 8.86 
(wH). 8.81 (l$Hj, 8.14 (3’-H3, 6.35 (3’-B);k.13 @-Hi; 5.39 
ilSCH3,4.ti (17-h), 4.52 (ls;H), 3.83@-&), 3.74 (lS’-tkH,), 
3.62 fl7’aH.L 3.62 (12cH.L 3.52 (2CH3. 3.35 17CHJ. 1.75 
(18-&, i.;I<&&HJ. MS (7oeL, ndi;: mle jso (k?j. 193 
04871’). IR: Y- 3310 WI). 2940/2910/2850 (CH), 1725 (ester- 
CO). 159ocm- (cllbriu bend). UV: A= (rel. ilIt-) 659 (31). 602 
(3), S25(3). m; 399 IUD (MO). PurpuhS &methyl ester (11). ‘H 
NMR: g 11.47 (IS-CHO), 9.5s (It&H). 931 (S-H), 8.51(2&H). 7.86 
(3’~H,). 6.32 (3*-H.,) 6.09 (3’-H3, 5.04 (17-H), 4.40 (18-H), 4.18 
(13’-OCH,), 3.62 @CHJ. 3.59 (173-OCHj), 355 (IZ-CH,), 3.32 
(2CH3, 3.14 CICH3. 1.78 WCH3, 1.64ppm (E’CH3. MS 
(7Oev, 3aP): m/c 594 (-Mi), 565 ([M-291+). IE I,” 3320 (NH), 
2950129M1285 (CM. 1715 (ester-C0). 165s (formvi-CO). 
159Ocm- (chbrio band). UV:‘Apb” &I. int.) il (2$, G 
(aboldder), Su (9), 503 0,466 nm (100). 

3’~E$FormyI c&/oh-c6 himethyl atff (12). copper 
acetate (2OOmg) in MeOH (2Oml) was added to 2 (128mg) 
dissolved iu CHfi @ml). The solventx were removed by 
vrcmundhtillotionat600,thensidpe~upinMdlHpad 
partih&betwa~~waterandCH+Il~inordertorcmovethe 
exceascQppe@)salt.l?leorganicp4asewaswasbedwithwr’ta 
aodevaporakdtodryneaaluKlabighvacmml.Diatilk!dphos- 
pboryl&loride(0.6ml)waxaddcddropwiaewithathingat00to 
t!Ie realdtiug copper0 coqlplex dissolved in freshly diatiued 
dimetbytrorrmmide(sml).Thcmix~~stimdforIominat 
o.~#)minat~,hydrolyJedwithice(100me)and~ 
with NaOAc soIn. The metal complex was exhcted with CH$l* 
and rkmetalhted after removal of the solvent. Coat. H$W, 
(10ml)wasaddL?dsiow1ywithcoolittgaodt!Esolnwasstinul 
for30minat4S~.Ahercoo~to00themix~wclspouredon 
tokC.(3Oo)aadammoaium acetate8oln(3OgasPsatsolo)and 
bronghttopH8byfmtberadditiooofammoniumac&te.Tlte 
soh was extractal with CHFI, and the extracts were waxhed, 
dried and tbc solvent removed to give the formyhtal raw 
product which was erterikd with metbanolic H#I, (+I.%). 
After atandhg for 1Shr at W the soln wax nuthakd and 
workedupasabove.Theandeproductwaspuritkdbycohunn 
lhlam@& oo silica gel (chant: bexam?/aKtoac 4:l) to 
yield l2 (4.1 I&. ‘H NMRz 8 10.14 (3’-CHO), 9.76 (l&H), 9.60 
(S-H). 8.91 (3’:il), 8.88 (2&H), 7.40 (3’-H). 5.31 (IS-CH& 4.47 
(l&H). 4.43 (17-H). 4.28 (13’aHJ. 3.n (8-CH,). 3.77 (IS*- 
tiH& 3.64 i17’&H3, j.58 (lZC?&), 3.Sti (2X&), 3.3i (7- 
CH,), 1.75 (18.CHd. 1.72ppm (8’-CH3. MS (7OeV, 360’): m/r 
666 (M’), 607 UM-591’). 593 ([M-73]+). 579 (D!uq+). IRZ b$$$ 
3290 (NH), 295(yL92otzBbo (CH), 1790 (ater~O), 1670 (formyl- 
CO), 161S/1595cm- (chbria bend). UV: A= (rel. iut.) 686 
(55). 629 0,544 (W. 507 (IO), 416nm (100). 

2WhLoroch&~-~ trimethyl ester (13). Ha (30%; 0.4ml) 
pndw~cHCI(OJml)wereaddedto2(100mp)iodioxrn(40~. 
Afteratihgfof5mintbe8olnwaspoun?diatowater(3atm0. 
oc&alkdwitbNaOAcaolnandworkedupasdesc&edforl2 
above. Chromrtoqspby~oa silica gel (ehunt: auto&bexaW 
4:1)yiekkd49mgrtartingmataildaod45mg13.Theco~ 
hadtokchoaensuchthatonlyhaKoftbertartiqmatlhlwaa 
reacthordertoav~fo?banadionof~product(comPxre 
with the furk~ &brmah~ of 17 below). ‘H Nb4Rz 6 9.56 
(WH-), 954 (S-H). 7.% (3’.H3, 6.60 (3*-H& 6.44 (P-HA), 5.20 
(IS-CHI). 4.87 (18-H), 4.26 (17-H), 4.25 (13’aH3, 3.82 (IS*- 
OCH,), 3.7O(&CH,), 3.62(17’aH3), 3.56(12-CH3). 3Sz(Z-CH& 
3.22 fl<H,), 1.67 (8’CHd. 1.63 ppm (18-CHd. MS (7OeV. 3309: 
m/r 672 (Id’), 638 W-34)+), 565 ([M-W73l+). 

mcWlv_[+ethy&chbh* lri=eW ata (23). lllia was 
preparedfrom3tuiugtbesamecohionsasaboveforl3.’H 
NMRz d 9.62 (IO-H), 951 (S-H), 5.19 (15-W& 4.87 (18-H). 4.31 
(17-H), 4.26 (13’-OCH3, 3.90 (3-CH& 3.82 (lS*-OCH& 3.74 
(8-CH2). 3.63 (l?-OCHJ 355 .(12-CH& 3JS (Z-CH,). 3.30 6 
CH3, 1.71 (3’CH& 1.69 @-CHJ), 1.64ppm (IWHJ). MS 
(7OeV. 150’): a~/e 674 (M+), 640 w-W+). IRz vs 3320 (NH). 
v (0. 1725 (exter~0~ 1sSOcm-’ (chbrin 
baod). UV: A= (nl. int) 664 (29). 610 (3). 534 (6). S&i 0, 
403 mu (100). 

[3-KIhylj-2lhfofmylpha~fMde-a mci&yI ester (14). Com- 
pcuod5(58mg)wutakenupiadrypyridk(12ml)aadbmtul 
to boiling io an ioat atmoapbere (‘NJ. 10% Methook KOH 
(0.1ml)wasaddedwitbstiHiug~thesolnwasatirredfor 
lOmiu.Tltercactionwaatermhkdbycoolingquicklyto2O’ 
and mix& with 3% HCI (lOOmI). The crude product wax 
extracted with CHFI, sod workai up as for 12 above. Chroma- 
tographic puritkhn on a cohunn of ‘&.a gel (&ant hex- 
an&cetone 4: 1) gave 14 (6 mg). ‘H NMR: 8 Il.82 (ZOCHO), 
9.30 (I&H), 9.21 (S-H), 5.13 (l&H), 5.02 (13*-H). 421 (17-H), 3.86 
(13’CH,). 3.81 &CH,). 3.66 (8-CH3, 3.56 (17’-OCH3, 3.54 
(12-CH3.323 WH,), 3.13 (7-CHJ 1.67 (3’cH3.1.64 @CH,), 
1.42 ppm (18-CHJ. MS (7OeV. 3009: m/c 636 (M’), 601 c[M- 
32r). 578 ahf-m, 549 arm+) md f362948. cnbdm4 
requires: 6362M8). Uv: A* (rel. int) 687 (32), 629 (7). 546 
(ll), 510 (6). 412mn(lOO). 

PhyUachin muhyl ester (19 an’i chhh-e4 dtnhyl ester 
(16). Tbe mixture of 9. 10, 15 and 16 was aquated on a bw 
prlWurecohmln.“&edwith8ikageiofpartickxixeof lo/& 
and &WI with n-bexane/acetooe (10: 1) at I pressure of 6 bar. 
IlJc ehltion older wax 15, 9, 16 and 10. The SpaXWqk data 
for 9 and 10 have been giva~ above. Wyikhhwh methyl rater 
(IS): ‘H NMRz 8 9.71 (l&H). 9.71 (S-H), 8.84 (2&H), 8.84 (1,H). 
8.18 (3’-H3. 6.38 (3*-HI), 6.15 (3*-H& 4.59 (17-H), 4.54 (18-H). 
3.98 (lS-CH,), 3.88 @CHJ, 3.63 and 358 (IZ-CH, ami 17’- 
OCHJ. 3.53 (Z-CH,), 3.36 (7XH,). 1.83 (18-CH,), 18Oppm (8’- 
CH& MS (7OeV. 1W): m/e 522 (M+), 43s M-87)+). IR: v= 
EP (CH), 1725 (ester~O), 1s90cm- (chbrill band). 

(nl. mt.) 658 (30). 602 (3). 527 (4, 500 0, 399nm 
(106). &n+, dimetbyi exter (16): ‘H NMRz g 9.67 (WI), 9.54 
(S-H). 8.74 (2&H). 8.05 (3’-H3, 6.33 (3*-He). 6.05 (3*-H3, 4.49 
(17-H), 4.38 (IW), 4.31 (13’-OCH,), 3.83 (lS-CHJ). 3.77 (TLCH3, 
3.62 (17’aH,). 3.59 (12CH3. 3.27 (2CH3, 3.29 (7XH,). 1.76 
(18-CHJ. 1.72 wm (8’CHI). MS (WV. 2557: m/e SgO M+). 566 
&t4?j, 493-&&l+). iis (Ibi-14-g7j+). rik & 3j2.5 &. 
29SOEW2g70 (CH), 1725 (e3taCO). lS95 cm-’ (chlorin brad). 
UV: A,“l (rel. inL) 662 (31). 606 (4). 528 (4). 54tO (9). loonm 
(100). 

P-Ehyll-isocNo~-e4 dimethyl uter (17). Coaipo& 10 
(aoomg) diEWIved in acetooc wax mixed with pahdinm 
a&a&d c&rcual (39 If& sod folmk acid (SOoIl), with 
ll&hrylicacidrm?thylestg’(lnd),wasaddai.Themixture 
wax hyw with hydrogen at 1.6atm for IS min. dhted 
withacetoWalKl6lteIed.Tbesolidwaswashiwithacetooe 
until the &ate was cobmieu. After evaporation umkr vrwm 
(tbcformkacidwasdistikdafteraddithoftoloenc)tbecrude 
prodnctwaspari6edbycolomnchromxtographyonsilicagel 
(eluaot: bexaoehcetone 3 : 1) to give 17 (463 IQ). ‘H NMR: g 9.74 
(NW). 9.57 (S-H). 8.78 0.8.78 (13-H), 5.38 (UCH,). 4.65 
(17-H). 4.51 (18-H). 3.94 @CH,), 3.85 (8-CHd. 3.74 (lP-OCH,), 
3.63 (12-CH3, 3.62 (17’-OCH3, 3.42 (2cH3. 3.88 @CH,). 1.77 
(3’CH3. I.75 @-CH,). I.74ppm (18-CH& w: A* (rd. int) 
646 0,593 0). US (2). 495 0.393 nm (loo). 

tion). ‘He NMk g 9.66 (1~&. 9.62 (S-H), 8.79 (13-H). 5.34 
(lSXH3. 4.92 (NW), 4sUt (17-H). 3.% (3-CHz). 3.79 @-CH&, 
3.75 (lS*XICHd. 3.62 (17’-OCH,), 3..W (12CHI), 3.58 (2XH3. 
3.36 (7XHJ. 1.73 (3’CH3. I.72 (8’CHJ. 1.58ppm (18-CHd. MS 
mv, 2207: mle 616 (Id+). 582 aM-34r), 557 awrh s29 
aM47r). UV: A p (nl. int) 655 0,662 (3). 527 (4). 502 (s), 
399 em (loo). 

10~LXch&tv_[3-uhyilh&oh-e4 dhuthfl ester (a). 
Ractboprochre:Yforzj;re&antz17(6Omo;ralentr: 
dioun(lOml).Hh(3046,O.lml)uul~HCI@J~;rsr- 
tioatime7min;~:t)(lt3ml)~D(Uml).’HN~ 
8 952 (S-H). 8.70 (13H). 5.23 (lS-CH& 4.78 (l&H), 4J6 (17-H). 
4.29 @CH& 3.88 (3-CH& 3.79 (19-3, 3.65 (12cH3, 3.62 
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(17’-OCH3, 3.49 WXf,), 3.27 (7AXM, I.70 (3’CHJ l.fiS (8’. 
CH& 1.63ppm (18-CH3. MS0OeV. 2009: m/c 6SqM*), 616([M- 
341+), 591 (M-S9l+). UV: A= (fcl. int.) 658 (22). 605 (3). 539 
(5),507 in402 11111 (loo). 

~:~~~~~~a~~lwl~, 
~~n~~k~~~hy~(o~~)~~ 
&ant of carbon ~~~~~~~ 1O:l; products: 18 
(12mg). 19 (5m8). 20 (bms] and 21 (13mg). Compouad II: ‘H 
NhdR: b 9.63 (1Mi). 9.62 (5-H). 8.94 (13-H). 7.99 (15’.IQ, 493 
(lMi), 4.81 (17-H), 3.93 (3-CH3. 3.68 @I-Cl&), 356 (lZ-CH,). 
3.56 (17’-GCH3,3.56 (2-CH3.3.51 (llI’-GCH& 3.32 (7XH& 2.40 
(lS’-GCOCHJ I.72 (3’CH3, 1.70 (8’CH3, 1.58ppm (M-CHd. 
MS (-Me!‘, lsaq: m/c 674 @i+). 616 @Ml]‘). UV: A* (rd. 
iut.) 6117 (28). 605 (21,527 (3). 5u2 (7). 400 lull (loo). 15’.Acctoxy- 
lojlMkillolwq-c&yl~~ dim&l ester (19): ‘H 
NMR: d 9.29 III-HI. 8.74 113-IQ. 7.68 I15’-Ht. 4.89 (18.H-l. 4.51 
(17-H), 4.27 &CH;j, 3.92~(3cii3* 3.68 (17&!&j, 3.s&(lfZ- 
GCH& 3.41 (12CH3, 3.36 (2X!Hs), 3.28 (%CH& 2.39 (IS’- 
GCGCH& 1.62 (3’CH,), 1.59 (8’CH& 157ppm (18-CH& MS 
(70&‘,2103: ~e708(M’),67~-341+),~~58)*],616([M-W 
581’). 582 ([M-34-34-58]+). UV: A* (rel. kt.) 661 (25). 608 (4). 
s46 (3, 506 (6). 406rlm (100). IS’ - Acetoxy - S,lO,l3~ - 
teba&kto - [3 - ethyl] - isocbkrk - e, dimethyl ester (21): ‘H 
NMR: 8 8.32 (15’.H-), 4.90 (3-CH& 4.60 (IS-H), 4.24 (8-CH3,3.% 
(17-H), 3.74 (lS’-GCH,), 3.64 (12-CH3, 3.64 (17’-GCH3). 3.43 
(2-CH3, 3.22 (7XHj). 3.02 (15’-GCGCH,), 1.58 (3’CH3. l.Sl 
(8’CH3. 1.41 ppm (18-CHd. MS (7OeV, 24iP): m/c M’ not 
detected, 742 (w-341% 7% [M-u-u]+). 674 (m-34.M34r). 650 
((bf-34.M.S8]+). 640 (fhf-34.34.%34]+), 616 ~-34.3+34-m), 
582 @f*3w.34-34-581+). 

PhwphiMffe.a met&f u&r (24) orrd wfkyll.phaeuphor- 
b&f&a mu&y& ester (25). Tlw wcrt prepared by the rkg closure 
reactka’~ OYI 2, and 3. nqectivcly. by the mctbod de&bed 
above for 14 fmm 5. Their physical prop&k5 were kkntical 
witb those in the literature.” 
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