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Abstract A rational chermcal synthesis of 4-acetyl-2-(2-carboxyethyl)-5methylpyrrole (5), the 
product formed when glutamate-1-semu&iehyde (GSA, 2) IS reacted with acetylacetone 111 the first step 
of the quanmattve analysis for GSA m biolog& m&a Rates of reacaon of the GSA-pyrmle (5) ~th 
Ehrhch’s reagent (the second step m GSA quanatatlon) axe compared wtth the rates of the reacnons of 
well-characterized “ALA-pyrroles” (3) and (4) Pyrrole (5) reacts more slowly with Ehrhch’s reagent, 
and extmcnon coefficients for the correspondmg Ehrhch’s adducts were determmed to be 46,000 for 
(3) and 865 for (5) These observations resolve the Qscrepancles observed in earher quanntations of 
GSA and allow more accurate determmahons of it m tnolo@cal mater& 

Introduction 

&Ammolevulmic acid (1, ALA) IS the key acyclic bmldmg block m the blosynthesrs of hemes, chlorophylls 

and bactenochlorophylls, vltarnm Bt2, and factor 430 1 Two pathways to ALA have been ldennfied m Nature The 

most established (“classical”) approach IS the so-called “Shemm” pathway2 (Figure 1) wherem glycme and acetate pm 
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Rgure 1 The two pathways for blosynthesls of ALA (1) 
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vlde the carbons and nttrogen atom of ALA More recently, the so-called C-5 pathway3 was uientified (Figure l), and 

m thus glutanuc acid IS used as the carbon source Glutamate-1-semialdehyde (2, GSA) has been shown4 to be the 

nnmedlate hosynthettc precursor of ALA III plants and many bactena, and thus 1s of central importance tn the 

blosynthesls of various chlorophylls 

(3) ALA, (1) (4) 

C4” 

(5) GSA (2) (6) 

0°C iMe 

(4) (7) 

PIgare 2 Pmducts from the nxcuon of A, ALA wth acetylacetoae aad ethyl acetoacetate. B, GSA wth acetylacetone 
and ethyl acetoacetate, and C, ALA-pyrmle (4) with Ehrhch’s reagent. 

Quanhtahon of ALA III biologtcal samples IS accomphshed~ by the reacnon of ALA with acetylacetone or ethyl 

acetoacetate to give (Figure 2) the ALA-pyrroles (3) or (4), respectively Pyrroles (3) and (4) are then measured 

quanmanvely vta the color test using Ehrhch’s reagent (p-dlmethylammobenzaldehyde) 6 Analysis and determmanon 

of GSA IS bfficult due to the low yields and complicated synthetx processes requti for Its chenucal synthesls,7 and 

because of the lack of clear and reliable data for its quantification The former problem has recently been overcome 

with the development of a new synthetic route to GSA by Gough et al 8 The quantitative analyns of GSA m hologxal 

matenal has been performed, as with ALA, by its IR situ condensation with acetylacetone or ethyl acetoacetate (Figure 

2B), and subsequent colonmemc assay (Ehrlich) of the resultmg pyrroles (5) or (6), respecuvely 5 Figure 2C shows 

the structure of a typical Ehrhch adduct (7) from ALA-pyrrole (4) Nevertheless, the Ehrllch reacnon condmons in the 

GSA sequence lead to the non-enzymatic formanon of ALA,9 which also reacts in the Ehrhch test10 and thus leads to 

erroneous quantlflcatlon Furthermore, slow reaction of GSA-pyrroles with Ehrhch’s reagent have led to the use of a 
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scahng factor m the GSA estunate 9 We have therefore undertaken the development of a chermcal syntheas of the 

well-defined GSA-pyrrole (5). as well as some related compounds, and we present results of the reactton and 

quanaficahon of these substances usmg the Ehrhch test 

Results and Discussion 

Syntheses of the GSA-pyrrole,(S) 

The pyrrole (5) was synthesized as shown m Scheme I Commercially avrulable 2-formylpyrrole (8) was 

reduced with hthrum alummum hydnde to give a 74% yield of 2-methylpyrrole (9). Vilsmeier formylatlon 

(poCl$DMF) of (9) gave a 64 5% yield of 2-formyl-knethylpyrrole (10) which was acetylated under Fnedel-crafts 

condmons with acetic anhydnde to gve the 4-ace@-2-formyl-5-methylpyrrole (11) III 72% yield. Wlmg Teachon of 

(11) with (carbethoxymethylene)-tnphenylphosphorane gave the acrylate (12) in 88% yreld Alternatively, the Wit&g 

reaction could be carned out fit on pyrrole (10) to gve the acrylate (13) (93%), and Fnedel-Crafts acetylatlon of 

(13) then gave (12) m 73% yield Catalyt~ hydrogenation of the acrylate (12) gave the pyrrole-2-propiomc ester (14) 

in 77% yield, and sunple hydrolysis afforded the correspondmg GSA-pynole (5) m 60% yield 

(9) 

Reagents 
I, LIAI&, 
II, POCI~DMF, 
III, AqO/SnCI.,, 
IV, Ph,PCHCO,Et, 
v, HdPd-C, 
VI. NaHCO,/Na$O$aq 

C02Et I 
(11) 

Me<’ ,H 

\ 
C02H 

\ 

(5) (14) C02Et (12) ‘C02Et 

Scheme I Synthew routes to GSA-pyrrole (5) 

Reaction of (5) wrth Ehrhch’s Reagent 

The Ehrhch test uses the reacnon of pyrroles with p~methylammobenzaldehyde m acid, leadmg to a bnght red 

color which can be used for quanuficatlon usmg spectrophotomeuy Since ALA (1) 1s not a pyrrole, It must first bc 

converted quantitatively into a pyrrole, this 1s done very convemently by condensation with acetylacetone or ethyl 

acetoacetate While the charactenzanon of ALA In this way normally poses no problem, the quanaficatlon of GSA (2) 
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has been performed m a smular fashion, but with no standankatlon and no clear view on what was happemng 

chermcally. Moreover, &ffexences m the quatmficattons with ALA and GSA should certamly be expected because 

ALA-pyrroles are 2-(or 5) unsubsatuted, whereas GSA-pyrmles are 3-(or 4-) unsubsmuted. 

Table I Specuoscop~c pmpemes of Ehrbch reaction products of the synthew pyrro1e.s 

Compound 
Tmle (ml@ 

for complete 
reactton 

Xma~ (nm) Extmchon coeffiaent 

C02H 

GSA-pyrrole (5) 

45 486 865 f 44 

15 554 46,100 f 2,800 

ALA-pyrrole (3) 

20-30 470 15,200 f 2,300 
m acid only 

ALA-pyrrole (4) 

In order to charactenze the synthetic pyrroles, their quanmanve determmauon with Ehrhch’s reagent6 was 

mvesugated Our results are given m Table I, and reveal drastic differences m the reaction products Pyrrole (3), 

denved from ALA and acetylacetone, reacted very fast with Ehrhch’s reagent to form the charactensttc pmk product 

described m the ltterature,lo (Plgure 3) The absorphon coeffktent determmed for the Ehrhch adduct was found to be 

46,100 f 2,800, which IS about 20-25% smaller than values determined by reaction of ALA with acetylacetone 

followed by the Ehrhch’s test 5.9 Reaction was complete wlthm 80 set 
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1 !ioo 600 6! 
WAVELENGTH [ nml WAVELENGTH hnl 

Frgure 3 Absorpuon spectrum of ALA-pyrrole (3) Figure 4, Ahsorpuon spectra of GSA-pyrmle (5) 
reacted wnh Ehrluh’s reagent after dlfkent ri%tedwlthEhrllc~s~t~dlffaent 
reacuon umes (as speafii reaction tunes (as speaf@l 

For presumably both electromc and stenc reasons, the GSA-pyrrole (5). whtch reacts at the 3-positron (rather 

than 2-), reacts considerably more slowly (Ftgure 4) Thts result IS m agreement with the results of Trerbs and 

Herrmann for other 3-(or 4-) unsubstrtuted pyrmles 12 They proposed a drpyrromethene structum for the reactton 

product, but obtained tt only after constderably longer reactron ttmes and under more drastrc condmons than for 2-(or 

5) unsubstltuted pyrroles In the case of GSA-pyrrole, thus product 1s tmmedlately formed but completron of the 

reaction takes ttme For practical purposes the absorbance should be. measure after 40 mm, smce after longer reacaon 

tunes some decomposmon 1s observed Addtaon of water to the reactron mtxture leads to broadening of the peak and a 

decrease in extmctton at 486 nm down to about 50% The absorptron maximum of the product, at 486 nm, 1s shlfted 

almost 70 nm to shorter wavelengths compared with (3) Suntlar results were obtamed by Matuerall and Gratncks for 

the Ehrhch reactron with ethyl 2,4-dtmethylpyrrole-5carboxylate (4) The weak pmk color of the Ehrhch pigment 

from (5) is m agreement wtth observaaons of Gough et al 8 for the GSA-pynole (5) formed by condensaaon of GSA 

with acetylacetone 

For GSA-pyrrole (5) an exancaon coeffictent of 865 f 44 at h max 486 nm was determmed. The exancaon 

coefficients of all three pyrrole Schtffs bases determuted were linear over an absorbance untt range of O-O 8. The data 

for the GSA-pyrrole (5) clearly show the problems assoctated wtth the m situ condensaaon and subsequent Ehrhch 

reaction used so far Wang et al 10 and Kannangara and Schouboe*t gave a lms at 553 nm for the GSA-pyrmle (6) 

formed wrth ethyl acetoacetate and even determmed a Ern~ of 1. These results are clearly mconsrstent wrth our 

tindmgs with pure GSA-pyrrole (5) and therefore must be due to the formanon of ALA and rts detecaon via pyrrole 

formaaon as aheady suggested by Gough et al 8 The only pyrmle m our sertes which gwes an absorpaon maxunum at 

553 nm IS that from ALA 

Surpnsmg results were obtained wtth pyrrole (4), which can be formulated as the ethyl acetoacetate adduct of 
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ALA In pure glactal acetic actd and 4N HC104 an Ehrbch adduct wtth & 470 nm and an extlnctrot~ coefficient of 

15,200 f 2,300 is formed. If the pynole IS dtssolved in water Instead, and then muted wrtb Ehrhch’s reagent, a ptnk 

color product absorbing at 553 nm 1s formed inthally The opttcal spectrum 1s tdenttcal with that obtamed for the 

Ehrltch adduct of (3). Nevertheless, this species is transformed within 30 nun tnto the compound absorbtng at 470 nm 

tn a process charactenxed by an tsosbestic point at 490 nm (Figure 5) Stnce most of the data on ALA detenmnatton 

and quanuftcauon wete petformed upon the condensatton product obtamed by tea&on of ethyl acetoacetate with ALA 
prux to the Ehrltch reaction, our results pomt to some cntrcal factors tn the ALA quanuficatton method. Clearly, the 

amount of ALA detenmned tn the Ehrltch test is very sensittve to both mcubanon tune and the mactron cot&ions 12 

- Hz0 

WAVELENGTH t nml 

+ Hz0 

1500 600 c 
WAVELENGTH [nm] 

i0 

Figure 5: Absarpuon spectra of ALA-pymle (4) nacted wah Ehrhch’s reagent after &fferent mes, III the prcsmce and absence of added 
water 

Experimental 

Melhng points were measured on a Thomas/Bnstolme mtcroscoptc hot stage apparatus and were uncorrected 
Silica gel 60 (70-230 and 230-400 mesh, Merck) or neutral alununa (Merck; usually Brockmann Grade III, t.e 
deacavated with 6% water) were used for column chromatography Reparattve scale thin layer chromatography was 
camed out on 20 x 20 cm glass plates coated wtth Merck G 254 srltca gel (2 mm thtck). Analytical thm layer 
chromatography was performed using Merck 60 F254 silica gel (pm-coated sheets, 0 2 mm thick). Unless stated 
othenvtse, proton NMB spectra were obtamed m deutertochlorofotm soluhon at 300 MHx using a General Electnc 
QE3UO spectmmeuz chemical shifts am expressed m ppm relattve to residual chloroform (7 258 ppm). Elemental 
analyses were obtamed from MtdWest Analyncal Laboratory Electromc absorpuon spectra were measured m 
drchloromethane solution using a Hewlett-Packard 8450A spectrophotometer. For the standard Ehrltch test used m 
thts work, the pyrroles were dissolved m glacial aceuc a&water (1.1, vol/vol) and an equal amount of modrfied 
Ehrltch’s reagent (4N ~ClO4)a was added. Absorbances were measured as uuhcated in Table I 

Z-Methylpyrrole (9): To a dry 1 liter round bottom flask equipped with a condenser at 0°C under argon contauung 
450 mL of tetrahydrofuran was added LtAm (23 94 g, 0 631 mol). This rmxtute was &red for 10 mtnutes and 2- 
formylpyrrole (8) (20 0 g, 0 210 mol) dissolved m 150 mL of tetrahydrofuran was added dropwtse over a pet-rod of 
30 mm After the addttton was completed the dropping funnel was replaced wth a condenser and the solution was 
refluxed for 36 h At thts point the mtxture was cooled to O’C and ca 25 mL of water was added cautiously 
Subsequently, 4 N NaOH (25 mL) was added slowly, followed by water (100 mL) The gray-white hthtum salts were 
filtered and the filtrate was concentrated under vacuum The ltght brown testdue was dtssolved m drchloromethane (50 
mL) and washed with Hz0 (2 x 25 mL), brute (25 mL) and then dned over anhydrous sodtum sulfate The 



Chenucal synthesis of a ‘GSA-pyrmle’ 1349 

&chloromet.hane was moved under vacuum and the hght brown all was distdled under reduced pressure ~th the 
fracaon between 90-95 C 25 mm (lit bp 146-149 “C! 760 mm l3; 14W 755mm14 collected to give 12.65 g (0 156 
mol, 74% peld) of a clear colorless ofi (12 65 g, 0 1559 mol, 74%). SH 8.00 (br s, lH, NH), (d, J=3 Hz, IH, H-3), 
6 37 (q, J=3 Hz, 1H. H-5). 6 14 (br s, 1H. H-4). 2 44 (s. 3H. CH3). 

2-Formyl-5-methylpyrrole (10): Phosphorus oxychlonde (15 2 mL, 0.163 mol) was added dropmse to N,N- 
dlmethylformami de (16.03 mL, 0.207 mol) at -50°C m a dry ice-acetommle bath, I)lchloroethane (50 mL) was added 
and the mixture was kept at -50 “C for 15 mm The rmxtme was allowed to warm to 0°C. A sohmon of 2- 
methylpyrrole (9) (12.00 g. 0.148 mol) m dchloroethane (50 mL) was then added, and the mixture was kept at 0°C 
for 1 h The hght green soluaon was allowed to warm to room temperature, and then refluxed for 30 min. At this tune 
a solution of sodmm acetate (100 65 g, 0.739 mol) m 300 mL water was added and the solution was mfluxed for 1 h 
Upon coolmg, the soluaon was washed ~th a samrated solutton of sodmm bicarbonate (4 x 100 mL). The orgamc 
layer was removed and the aqueous layer was extracted vvlth &ethyl ether (3 x 100 mL). The combmed orgamc layers 
were washed w& saturated sodmm lncarbonate (2 x 200 mL), bnne (2 x 200 mL) and dned over sodmm sulfate The 
solvent was removed under vacuum, and the resultmg residue was chromatographed on s&a gel (elutlon ~th 100% 
hchlvmethane) and collected to give 10 41 g (95 39 mmol, 64 5%) of the htle compound as a white powder Mp 
72-74 C (la I5 mp 70°C); 8H 1109 (br s, IH, NH), 9 33. (s, lH, CHO). 6.92, (t, J=3 Hz, lH, H-3), 6.06 (t, J=3 
Hz, lH, H-4), 2.38 (s, 3H, CH3) 
6 43, N, 12 75 

Anal Calcd for Q,I-I7NO C, 66 04, H, 6 47; N, 12 84 Found: C. 65 77, H, 

2-(2-Ethoxycarbonylvinyl)~5-methylpyrrole (13): 2-Formyl-5-methylpyrrole (10) (1516 g, 13.89 mmol) 
was Qssolved m p-xylene (100 mL) contauug (carbethoxymethylene)-mphenylphosphorane (5 324 g, 15.28 mmol) 
and the rmxture was refluxed for 12 h under mtrogen. At this tune the p-xylene was removed under vacuum and the 
resultmg residue was chromatographed on s&a gel (eluaon with 100% bchloromethane) The product was collected 
to @ve 2 31 g (12 89 mmol, 93%) of the title compound. Mp lOl-103°C. 8~ 8 73 (br s, lH, NH), 7 49 (d, J=16 Hz, 
IH, CuCHC02Et), 6 44 (t. J=3 Hz, lH, H-3), 5 95 (d, J=16 Hz, CHCHCO2Et). 5 91 (t, J=3 Hz, lH, H-4). 4 23 
(q. J=7 Hz, 2H, C&CH3), 2 31 (s, 3H, CH3). 1 31 (t, J=7 Hz, 3H, CH$&) 
67 02, H, 7 3 1, N, 7 82 Found C, 66 97, H, 7 23, N, 7 69 

Anal C&d for C1$I13NO2 C, 

4-Acetyl-2-formyl-S-methylpyrrole (11): 2-Formyl-5-methylpyrrole (10) (1 20 g, 10 99 mmol) was 
dissolved in a solution of dlchloromethane (100 mL) and acetic anhydnde (1 68 g, 16 49 mmol) D~tdled tm(IV) 
tetrachlonde (6 01 g, 23 09 mmol) was added dropwse over a penod of 5 mm and the rmxture was then stn-red at 
room temperature for 8 h The dark solution was poured mto Ice-water (100 mL) and the organic layer was washed 
with saturated sodium bicarbonate sohmon (2 x 100 mL). saturated sodium chlonde soluuon (2 x 100 mL) and then 
dned over anhydrous sodmm sulfate The solvent was removed under vacuum and the residue was chmmatographed 
on a column of slhca gel (elution with &chloromethane) to gve 1 20 g (7 95 mmol, 72% yield) Mp 146-147’C 
(subhmes at about 80°C), 8~ 10 81 (br s. lH, NH), 9 43 (s, lH, CHO), 7 31 (s, lH, H-3), 2 66 (s, 3H, CH3), 2 46 
(s, 3H, COCH3) Anal Calcd for CsH9N& C, 63 56, H, 6 00, N, 9 27 Foun& C, 63 53, H, 6 00, N, 9 38 

4-Acetyl-2-(2-ethoxycarbonylvinyl)-5-methylpyrrole (12): (n) From Pyrrole (II) - 4-Acetyl-2-formyl-5- 
methylpyrrole (11) (0 80 g, 5 29 mmol) was cbssolved m p-xylene (50 mL) contammg (carbethoxymethylene)- 
mphenylphosphorane (2 03 g, 5 82 mmol) and the mixture was heated under reflux for 12 h under nitrogen After 
tlus time the p-xylene was removed under vacuum and the residue was chromatographed on a column of silica gel 
(eluhon with 2% methanol in dchloromethane) to afford 102 g (4 65 mmol, 88%) of the title pynole Mp 198-200°C, 
13~ 9 53 (br s, lH, NH), 7 47 (d. J=l6 Hz, lH, 2-CHCHCOzEt), 6 79 (d, J=3 Hz, lH, H-3), 6 07 (d, J=16 Hz, 
lH, 2-CHCHCOzEt ), 4 24 (q, J=7 7 Hz, 2H, C&CH3), 2 59 (s, 3H, CH3), 2 41 (s, 3H, COCH3), 132 (t, 3H, 
CH2CH3) Anal Calcd for C12HlsN03 C, 65 14, H, 6 83, N, 6 33 Found C, 65 05, H, 6 83, N, 6 51 

(b) From Pyrrole (13) - 2-(2-Ethoxycarbonylvmyl)-5-methylpyrrole (13) (0 80 g, 4 46 mmol) was dissolved m a 
solution of chchloromethane (40 mL) and acetuz anhydnde (0 911 g, 8 92 mmol), and the rmxture was cooled to 0°C 
Dlstdled tm(IV) tetrachlonde (2 32 g, 8 92 mmol) was added dropwlse over a penod of 5 mm The soluhon was 
stmed at 0°C for 30 mm and then poured into Ice water (100 mL) The orgamc layer was washed Hnth saturated 
sodium bicarbonate (2 x 50 mL), saturated sodium chlonde (2 x 50 mL) and then dned over s&urn sulfate The 
solvent was removed under vacuum and the resulting residue was chromatographed on silica gel (eluhon with 2% 
methanol m dlchlommethane) The title compound was collected to @ve 0 67 g (3 26 mmol. 73%), idenncal in all 
respects with the matenal obtamed from method (a) 

4-Acetyl-2-(2-ethoxycarbonylethyl)-S-methylpyrrole (14): 4-Acetyl-2-(2-ethoxycarbonyl-vinyl)-5- 
methylpyrrole (12) (0 131 g, 0 592 mmol) was &ssolved In dry tetrahydrofuran contammg 10% Pd on activated 
carbon (25 mg), and hydrogenated at room temperature and atmosphenc pressure untd hydrogen uptake had ceased 
The mixture was filtered through a Cehte pad, and the solvent was removed under vacuum The resultmg residue was 
chromatographed on a silica gel (elunon with 2% methanol m dichloromethane) and was collected to @ve 0 102 g 
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(0 458 mmol. 77%) of the title compound Mp 122-124°C, 8~ 9.12 (br, s 1H. NH), 6 17 (d, J=3 Hz, lH, H-3), 
4 14 (q. J=7 Hz, 2H, C&$X3), 2.82 (t, J=7 Hz, 2H, C&CH2CO$t), 2 61 (t, J=7 Hz, W, C!H&!&CO$:t), 2.48 
(s, 3H, CH3), 2 35 (s. 3H, COCH3), 125 (t. J=7 Hz, 3H, CHzCH3) Anal Cal& for Clfl17N03: C, 64 55, H, 
7 67, N, 6 27 Found C, 64 39, H, 7 68; N, 6 46 

4-Acetyl-2-(2-carboxyethyl)-Smethylpyrrole (5): 4-Acetyl-2-(2-ethoxycarbonylethyl)-5-methyl-pyrrole 
(14) (0 23 g, 1 12 mmol) was Qssolved m tetrahydrofuran (5 mL) and a solution of sodmm carbonate (3.00 g) and 
sodmm bcarbonate (3.00 g) dissolved m water (20 mL) was added. The mixture was heated at reflux for 3 days The 
solvent was removed under vacuum and to the resultmg residue was added 105% hydrochlonc acid (25 mL) ‘Ilus 
soluaon was extracted with dlchloromethane (3 x 25 mL). The resulMg orgamc layer was washed \Klth water (2 x 25 
mL). saturated sodmm chhmde (2 x 25 mL), and then dried over anhydrous sodmm sulfate. The solvent was 
removed under vacuum and the resulMg sohd was washed ~nth cyclohexane to psve 0.12 g (0,669 mmol, 60%) of the 
atle compound as a white powder. Mp 186-189’C, 8~ 6 05 (s, lH, H-3), 2 66 (t, J=7 Hz, W, C&CH2CO2H), 
2 44 (t, J=7 Hz, 2H, CHQi$!O2H), 2 32 (s, 3H, CH3). 2 21 (s, 3H, COCH3) Anal Calcd. for Clfl13N03: C, 
6152; H, 6 72. N, 7 18 Found C, 6152, H, 6 82, N, 7 25 

4-Acetyl-3-(2-carboxyethyl)-S-methylpyrrole (3): This pyrrole was made accordmg to the lnerature 
procedures from ALA and acetylacetone. It had mp 195°C (Lit 5 194-195’C). SH (d6-DMSO) 6 12 (d. J=2 1 Hz, lH, 
H-2), 2 69 (t, J=7 Hz, 2H, C&CHzC!QH), 2 51 (t, J=7 Hz, 2H, CH2C&CO2H), 2 36 (s, 3H, CH3). 2 22 (s, 3H, 
COCH3) Anal Calcd. for CloH13N03 C, 6152, H, 6 72, N, 7.18 Found C, 6127, H, 6 79; N, 7 21 

Ethyl 3-(2-Carboxyethyl)-S-methylpyrrole-4-carboxylate (4): This pFle was pre 
literature procedme~ from ALA and ethyl acetoacetate It had mp 165OC (Lit. 164-165’C) % 

ared according to the 
H &-DMSO) 1193 (s, 

lH, COzH), 10 93 (br s, lH, NH), 6 39 (s, 1H. H-2). 4 12 (q, f=7 Hz, 2H, OC&C!H3). 2 77 (t, J=7 Hz, 2H, 
C&CH2CO). 2 40 (t. J=7 Hz, 2H, CHzC!&CO), 2 34 (s, 3H, CH3), 123 (t. J=7 Hz, 3H, OCI-I$&) Anal 
Calcd for CllH15N04 C, 58 64, H, 672, N, 6 22 Found C, 58.39, H, 677, N, 6 33 
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