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The chymists are a strange class of mortals
impelled by an almost insane impulse to seek
their pleasure among smoke and vapour, soot
and flame, poisons and poverty, yet among all
these evils I seem to live so sweetly, that
may I die if I would change places with the
Persian King.

-Johann Joachim Becher
Aeta Laboratorii Chymica Monacensis,
seu Physica Subterranea [1669]
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SUMMARY

Viomycin is an antibiotic composed of the amino acids L-serine,
L-a,8-dlaminopropionic acid, L-B-lysine, and viomycidine. From the
partial acid hydrolysate of viomycin it is possible to isolate a com-
pound more basic than viomycidine that can be crystallized as the
dihydrobromide salt, Precession photographs revealed the space group
as P212121 and the unit cell dimensions a = 8.17(2);, b = 12.22(2)3,
and ¢ = 15.34(2)3. These dimensions were within experimental error of
the dimensions reported for viccidic acid by Johnson, et a?Z. The struc-
ture was redetermined since there was some doubt as to the structure

proposed for vicocidic acid. Seclution of the structure by a conventicnal

application of the heavy atom method revealed the structure to be

4,11

2,5,8,10-tetraaza-9-iminotricyclo[5.3.1.0 Jundecane-é-carbexylic
acid, identical with that proposed for viocidic acid. The structure
refined to an Rl value of 0.0901 using 1031 unique reflecticns. A
mechanism is proposed to explain the genesis of viecidic acid from a
peptide known to be present in the hydrolysis medium.

The product reported for the reaction of 2-pyrrelidincne treated
sucessively with hydrogen chloride, phosphorous pentachloride, and strong
base is Q—Chloro—Al—pyrroline. Preliminary spectroscopic data indicated
the reported structure was incorrect. When further spectroscopic in-

vestigations and preliminary chemical test were not definitive, an

effort was undertaken to cobtain crystals suitable for X-ray
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investigaticon. The compound formed stable mineral acid salts, and the
hydrobromide salt was obtained crystalline. Precession photographs
showed the c¢rystal to be monoclinic of space group PQl/c. From dif-
fractometer data unit cell dimensicons of a = 9.193(2)3, b = 21.801(10)
Z, c = 9.428(3)3, and B = 138.166(20)° were obtained. A total of

2197 reflections were collected and averaged to give 1042 unique
reflections. The structure determined by cenventional application of
the heavy atom methed was (£)-2,3-dichloro-1-(2-pyrrolidinyiidine)-
2-pyrrolinium bromide and refined to an R2 value of $.0492 based cn
604 nonzero unique reflections. Spectroscopic data indicate the struc-
ture of the free base to be 2-(2,3-dichloro-2-pyrrolin-l-yl)-l-pyrro-
line.

Examination of the lichens Teloschistes flavicans, Teloschistes
flavieans norm., and Teloschistes flavieans v. minor (rombie by several
workers resulted in the isolation of a colorless substance that showed
mp 240-2459, Seshadri, ef al. in 1962 named the colorless substance
vicanicin, and reported the structure to be 2,4-dichloro~3-hydroxy-7-
methoxy=-1,5,8-trimethyldepsidene. In 1967 Balthis proposed a new
structure for vicanicin based on spectroscopic data as 2,4-dichloro-
3-hydroxy-7-methoxy-1,5,6,8-tetramethyldepsidone. In 1968 Baillie
rropesed a new structure for vicanicin based on biogenitic arguments
as 2,6-dichlore-3-hydroxy~7~methoxy-1,4,5,8-tetramethyldepsidone.

A careful examinaticn of the earlier degradative studies indlcated
several ambiguities that require further investigation. The structure

of the two products obtalined when methyl O-methylvicanicate is oxidized
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were shown tc he methyl 5-chlore-3,6-dimethyl-2-hydroxy-4-methoxy-
benzoate and 3-chloro-2,5-dimethyl-6-hydroxy-p-benzoquinone by
synthesis. The hydroxyl group in vicanicin was shown to be in the

A ring by conversion of vicanicin to O-ethylvicanicin and degradation
tc methyl 5-chloro-3,6-dimethyl-4-ethoxy-2-hydroxybenzoate. Considera-
tion of the probable mechanism of the oxidative hydrolysis of methyl
O-methylvicanicate lead to 2,7-dichloro-3-hydroxy-6-methoxy-1,4,5,8-

tetramethyldepsidone as the structure of vicanicin,



CHAPTER I

INTRODUCTION

The Crystal Structure of Viocidic Acid

Viemycin is a bread spectrum antibiotic that 1s particularly
effective against Mycobacterium tuberculosis.” The antibiotic was
first reported In 1951 simultaneously by Charles Pfizer and Companyl
and Park, Davis and Company2 from cultures of Streptomyces puniceus
and Streptomyces floridae. Later clinical studies showed that kidney
damage, vestibular dysfunction, electrolyte imbalance, and hypersensi-
tivity resulted from its extended use.3 In spite of these toxic reac-
tions, viomycin is still used clinically in cases where the tuberculesis
microorganism has become resistant to streptomycin.

Elucidation of the structure of viomycin has proceeded in several
laboratories in order to ultimately study the structure-biclogical
activity relationships. Extensive studies of the complete degradaticn
of viemycin and the most recently proposed structure for viemycin (1)
are reported elsewhere.qFB These studies have shown that viomycin is a
peptide composed of the amino acids L-serine (2), L-a,B-diaminopropionic
acid (3), L-B-lysine (4}, and viomycidine (5) in addition to urea, carbon
dicxide, and ammonia. The recent single crystal X-ray diffraction
analysis eof viomycidine hydrobromide revealed 2,4,6-triaza-3-imincbicycloe
[3.2.1]octane-7-carboxylic acid to be the correct structure of viomy-

cidine.g
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In addition to viomycidine, another guanidino compound was
reported tc occur in the total acid hydrolysate of viomycin. A gquantity
of this material, referred to by Streetman as Peptide III, was purified
and converted to the hydrobromide salt.® Peptide III dihydrobromide was
crystallized from acetone-water to give colorless needles. The unit
cell dimensions of Peptide I1I dihydrobromide obtained from precession
phetographs were within experimental error of the dimensions reported
by Johnson and co-workers for the compound viocidic acid.10 However,
the molecular formula reported by Johnson (CBHlSNSOQ'QHBr'BHzo) for

viocidic acid (6) did not agree with the analytical data obtained by

Streetman for Peptide III.6

The molecular formula for Peptide III that best fit the analyt-
ical data was C9H15N503-2HBP-1H20, which would be quite reasonable if
two of the water oxygen atoms in crystals of viocidic acid had been
incorrectly assigned. Unequivocal assignment of atomic number to the

light atoms (C,N,0) in a structure such as 6 on the basis of diffraction

data is difficult. It would be possible to assign atomic numbers on the



basis of geometrical evidence (the nitrogen and carbon atoms of the
guanidine group are in the same plane). However, in the structure
proposed for viocidic acid, the positions of two of the five nitrogens
atoms were not fixed by chemical or geometrical arguments. At the time
structure b was reported there was little chemical evidence that would
substantiate 6 as being a chemically logical structure for Peptide III.
Normally a structure determined by X-ray diffraction methods would be
quite conclusive. However, since bond lengths and angles were not
reported for viccidic acid, and because the factors stated above were
seemingly in conflict with the reported structure, it was decided to
redetermine the structure of vieccidic acid.

The Structure of 2-(2,3-Dichloro-2-
Pyrrolin-1-yl)-1-Pyrroline

Acid hydrolysis of the antibiotic viomycin yields among other

7 Another structure, Q—guanidino—Al—

. - 8
amino acids, viomycidine (5).°°
pyrroline-5-carboxylic acid (7), had been proposed for this guanidino
amino acid prior to the single crystal X-ray analysis of the hydrobro-

mide salt.9 During studies directed toward the synthesis of 7, it was

11
desirable to obtain 2—chloro—Al—pyrroline (8). Tafel and Wassmuth

+
NH
- /Q I 2 Q

7 8



reported the synthesis of 8 from 2-pyrrolidincne in 1807. Baillie12

repeated their work and obtained an unstable crystalline compound that
analyzed correctly for g-(CuHBNCl)' The material was difficult to
purify by crystallization, but the crude crystals cbtained agreed in
melting peint with that repcrted earlier (50-51° corr). The 2-chloro-
Al—pyrroline was expected to be very reactive toward nucleophilic rea-
gents since it is analogous to an acid chloride. When 8 was treated
with aqueous ammonia or aqueous guanidine, none of the expected products
was obtained. Even more surprising, unreacted 8 could be recovered from
the reaction mixture. Since this chemical behaviour seemed Inconsistent
with the proposed structure, an investigation of the spectroscopic
properties of 8 was made., The nmr spectrum of 8 showed absorptions for
five different types of protons, which was inconsistent with the struc-
ture proposed. The mass spectrum of 8 showed a molecular ion at m/e
204. A determination of the exact mass of this ion (m/e 204.029) dic~
tated CBHlONQClQ fcaled m/e 204.022) as the molecular formula. This is
equal to twice the molecular formula reported by Tafel and Wassmuth less
two hydrogens. Spectrescoplc data and preliminary chemical investiga-
tions were not definitive; therefore it was decided to further investi-

gate the chemistry of 8 and to obtain crystals suitable for X-ray in-

vestigation.

The Structure of Vicanicin

The first examination of the lichen Teloschistes flavieans by
Zopf in 190513 resulted in the isolaticn <f parietin, referred to by

Zopf as physcion, (4,5-dihydroxy-7-methoxy-2-methylanthraquinone) (9)



and a colorless substance, mp 240-245°. In 1949 Seshadri and Subramanian
reported the isclation of parietin, teloschistin (4,5-dihydroxy-2-
hydroxymethyl-7-methoxyanthraquinone) (10), and a colorless substance,

mp 240-245°, from an Indian sample of Teloschistes [flavicans Norm. 1"

A sample of the same lichen, cocllected in 1955, contained fallacinal
(2-formyl-4,5-dihydroxy-7-methoxvanthraquinone} (11) instead of
teloschistin and the colorless substance mp 2&0—2450.15 Thus there

were variations in the composition of the anthraguinone pilgments, but

the cclorless substance seems to occur in all the lichen samples,

0
I |
CH3O CHS CHSO CHQOH
l I
OH 0 OH oH 0 OH
8 10
0
Il CHO
CHSO
OH 0 OH
11

In 1862 Seshadri, et al. reported the first work directed toward
the identification of the colorless substance, which they named vicani-
cin.l6 Vicanicin was criginally isolated in a small amount (ca. 0.1%)
from the alkali-insoluble fraction of the petroleum ether extract of

the lichen. Later, using column chromatography on magnesium carbonate,



viecanicin was isolated pure and in better yield (eq. 1%). Vicaniein
was crystallized from boiling benzene as colorless crystals, mp 248-
250°. The analytical data agreed with the molecular formula
C17H1405C12. The compound was shown to contain one methoxyl group by
the Zelsel method (found, 1.06) and three C-methyl groups by the Kuhn-
Roth methed (found, 2.76).lB Vicanicin contained a free hydroxyl group
since it formed a monocacetate, mp 213-214°, by acetylation with acetic
anhydride, and a monobenzoate, mp 180-191°, with benzoyl chloride and
pyridine. The free hydroxyl group was phenolic in nature since it
readily underwent methylaticn and ethylaticn with the appropriate alkyl
iodide and potassium carbonate, yielding O-methylvicanicin, mp 193-194°,
and O-ethylvicanicin, mp 185-186°. It was concluded that vicanicin con-
tained a lactone ring since treatment of O-methylvicanicin with 2N
sodium hydroxide in dioxane followed by acidification yielded a hydroxy
acid, O-methylvicanicic acid, mp 212-218°. When O-methylvicanicin was
heated under reflux with methanclic sodium methoxide, the product
obtained, methyl-O-methylvicanicate, mp 155-156%, still contained a
free hydroxyl group that could be methylated to give a neutral compound,
methyl-0,0'~-dimethylvicanicate, mp §7-98°. The uv spectrum of vicani-
cin was compared to those of dipleicin (;g),l7 nidulin (;§),18 and
nornidulin (li),lB and they were shown to be similar. These compounds,
12, 13, and 14 are all chlorodepsidenes and the numbering system for
the nucleus is shown by structure 15. Since four of the five oxygen
atoms in vicanicin were accounted for by the free hydroxyl, methoxyl,

and lactone function, the fifth oxygen was assigned to an inert diphenyl
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reported that the characteristic uv

spectra of the chlorodepsidones were associated with ring A; therefore

a partial structure was assigned to vicanicin (16)

16 assuming that the

A ring was identical to those of 12, 13, and 1l4.

Ao

16

1- OCH

When methyl-O-methylvicanicate was dissolved in acetic acid and

treated with concentrated nitric acid, two products were obtained.



A phenol reported to be methyl 3,5-dichlorceverninate (;Z)lg was iso-
lated as a crystalline solid, mp 76-78°. A quinone was present in the
sodium bicarbonate-soluble fraction. The quinone was reported to be
2-hydroxy-3,6-dimethyl-p-benzoquincne (;g)zo by comparison of their uv
spectra in a buffer sclution. These data lead Seshadri, et al. to
extend the partial structure 16 to a complete structure for vicanicin

(2,4-dichloro-3-hydroxy-7-methoxy-1,5,8-trimethyldepsidone) (19)}.

CH3 0
I
Cl OQCHg CH3 CH
CH.O OH H
3 Y CH3
Ccl 4]
17 18
c CH
CHy Q) 5 3
cl
OCH3
o}
HC U
Cl CH3
15

Tn 1965 invastigatorszl in these laboratories obtained a quantity
of a lichen gathered from volcanic rocks in the Ascension Islands. The
lichen, identified as Teloschistes flavieans v. minop Crombie,22 was
much smaller than the samples of Telosehistes flavieans previously
investigated, probably due to the unusual habitat of the Ascension
Islands. Extraction of 1,u26 g of the lichen with chloroform yielded,

after chromatography, 8.08 g (ca. 0.6%) of gold-colored material and
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8.75g {(ea. 0.6%) of pale yellow material. The gold-colored material was
recrystallized twice from glacial acetic acid to yleld gold-colored
crystals, mp 207-208°. The gold-colored compeund was identified as
parietin (10) based on melting point, spectral data, and the diacetyl
derivative.23 The pale yellow materlal was recrystallized twice from
benzene to give colorless crystals, mp 239-2&00.23

Based on the method of isclation and similarity in mp it was con-
sidered possible that compound 20 was vicanicin. The likelihood that
the structure proposed for vicanicin was the correct structure for com-
pound 20 was eliminated when the nmr spectrum of 20 clearly showed four
C-methyl group absorptions and no aromatic proton absorption, as would
have been expected for structure 13. The elemental analyses of compound
20 were satisfactory for the formula C18H1605C12’ which is one carbcn
and twe hydrogens more than the fermula reported for vicanicin. The
mass spectrum of compound 20 also supported the formula ClSHIBOSClQ’
mw = 383.31. The ratios of ion intensities in the region of the
molecular ion [m/e 382(23%), 384(18%), and 386(3%)] were in agreement
with the expected ratios for a compound containing two chlorine atoms
(obsd 1.00:0.69:0.13; caled 1.00:0.653:0.106).° These data showed
that 20 was not represented correctly by the structure proposed for
vicanicin (18). However, the possibility still existed that 20 was
identical with wvicanicin but the structure proposed for vicanicin was
incorrect.

Preparation of derivatives and degradation of compound 20 were

carried out to compare the results with those reported for vicanicin.
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The methed of preparing acetylvicanicin was followed using compound

20 and yielded a colorless crystalline solid, mp 210—2110.23 The
elemental analyses were satisfactory for C20H1806c12' The nmr spectrum
was satisfactory for the addition of one acetyl group. The procedure
for preparing U-methylvicanicin was repeated using compound 20, and the
product, obtained in 70 per cent yield, was a colorless crystalline
sollid, mp 192-1930.23 Elemental analyses supported the formula
C19H1805C12. The mass and nmr spectra were consistent with the addition
of one O-methyl group to 20. Compound 20 was converted to the CO-methyl
derivative, and this product was treated with methanolic sodium methox-
ide to give a coleorless crystalline sclid in 70 per cent yield, mp 154-
156°. The analytical data, nmr spectrum, and mass spectrum were con-
sistent with methanolisis of a lactone and supported the formula

c,.H, .0.Cl .23 The nitric acid oxidation reported for vicanicin was

20227672
repeated using 20, and the phenolic fragment obtained showed mp 76—780.23
A comparison of the melting points of derivatives and degradation prod-
ucts obtained from compound 20 with those reported for vicanicin is
shown in Table 1. From the data in Table 1 it was concluded that com-
pound 20 and vicanicin were identical, but that the structure reported
for vicanicin was incorrect.

Balthi323 proposed a revised structure for vicanicin (21) based
on analytical data, derivatives, and spectral evidence. However, when
Baillie25 re-examined the nitric acid oxidation of methyl-U-methyl-

vicanicate, he was able to cobtain the quincne fragment in crystalline

form, mp 126-128°. The hehavior of this material by tlc was different
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Table 1. Comparison of Vicanicin and Compound 20
Derivative Vicanicin, mpl6 Compound 20, mp
Vicanicin 240-24 59 239-2u40°

248-2500 1%
Acetyl-~ 213-21y° 210-211°
O-methyl- 193-194° 192-193°
O-ethyl- 185-186° 185-186.5°
methyl-U-methyl- 155-156° 154-156°
Phencl from
oxidation of methyl-
O-methyl- 76-78° 76-~78°
methyl-0,0'-dimethyl- §6-879 9L -g7°
o)
CH3 5 CH
C1 OCH3
0
HO CH
c1 cH, 3
21

from that of hydroxytrimethyl-p-benzoquinone (the quinone expected from

the structure proposed by Balthisga).

quinone was undertaken by Baillie,

A complete investigaticn of this

The mass spectrum and analytical
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data were consistent with the formula C8H7O3Cl. The nmr spectrum in
deuterochloroform showed absorptions at 7.77 (-CHS,s), 7.98 (—CHS,S),and
3.001 (-OH). The structure of this quinone was proved by the unambigu-
ous synthesis of 3-chloro-2,5-dimethyl-6-hydroxy-p-benzoquinone, and a
comparison of nmr and mass spectra showed them to be identical. The
natural and synthetic material showed identiczl behavior by tle in
several solvent systems, and the mmp was not depressed, mp 127-1280.25
However, structure proof of the quincne fragment did not prove the
structure of the B ring of vicanicin since the quinone could arise from
either of two structures (interchange of substituents at C-6 and C-7).
From the oxidation Baillie also isolated the phenclic fragment
from ring 4. The nmr and mass spectra showed the compound centained
two {-methyl groups, two O-methyl groups, one chlorine and cne acidic
proton. These data were consistent with the formula CllHlSClOu' One
of the C-methyl groups was assigned the (-1 position, ortho to the
carbonyl group, since the nmr spectrum showed an absorption at 7.40T7
corresponding to a deshielded (-methyl group. The location of the other
substituents was not apparent from the data. Baillie attempted to
resolve these and other ambiguities by single crystal X-ray diffraction.
The iodcacetyl derivative of vicanicin was prepared and cbtained as
apparently single crystals. After collection of the X-ray data it was
not possible to find suitable locations for the iodine atoms, and It was
then assumed that the crystals had been twinned. From the chemical

data available and biogenitic arguments, Baillie, et aZ.26 proposed a

new structure for vicanicin (22).
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CH3 oy

Ci OCH

HO 1
CH CH

When structure 22 was proposed for vicanicin, it was recognized
that several of the structural features were presented solely on the
basis of analogies with similar ceompeounds. Conclusive proof of the
location of the free hydroxyl group was not available. Most of the
earlier chemistry had been done on O-methylvicanicin, and the location
of the free hydroxyl group had been assigned to ring 4, rather than
ring B, on the basis of analogies presented by Dean, et a1.18 The
interchange of substituents at positions (-6 and C-7 of 22 would satisfy
all the accumulated data. The location of the ¢-2, -3, and (-4 sub-
stituents in ring A were assigned on the basis of biogenetic arguments
and comparison of the spectrum with those of 12, 13, and ii:lS It was

for these reasons that more conclusive evidence for the structure 22

was required.

The purpose of additional research was to resolve these ambigui-
ties by synthetic and further degradative studies and to obtain crystal-

line derivatives of vicanicin suitable for X-ray analysis.
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CHAPTER 1T

EXPERIMENTAL

Apparatus and Techniques

Spectra

Nuclear magnetic rescnance spectra (60 MHZ) were obtained using
Varian Associates Models A-BDA or A-60D spectrometers equipped with
spin-decoupler and variable temperature attachments. Nuclear magnetic
resonance spectra (100 MHz) were obtained using.a Jeolco Model UH-100
spectrometer operated in the field sweep mode and equipped with a vari-
able temperature contrcller. Spin decoupling experiments were performed
using the Jeolce instrument in the frequence sweep mode. Chemical shift
values are reported in T units (1 = 10-68). The internal standards used
were TMS or DDS.

All mass spectral data were obtained using a Varian Associates
Model M-B6 mass spectrometer. This mass spectrometer was interfaced
with a Varian Aerograph Model 200 gas chromatograph. Exact mass deter-
minations were obtained by linear interpolation between ions of an
internal standard of known mass.

Infrared spectra were cbtained using a Perkin-Elmer Model 457
or 237B spectrophotometer. The spectra of liquids were cbtailned as
films formed between two sodium chleride plates. The spectra of solids
were obtained from potassium bromide pellets pressed at 2500 psig or as

chloroform solutions in 0.1mm sodium chloride cells.
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Ultraviclet spectra were obtained using a Cary Model 14
spectrophotometer. Matched 1.0 cm quartz cells equipped with matched
9 mm quartz plugs were used. The spectra were recorded as soluticens in
95 per cent ethyl alcohol (U.S.I. pure ethyl alcohol, U.S.P. grade) or
#n~hexane (Fisher H-334 Certified A.C.S. Spectroanalyzed n-hexane, Lot.
775206 ).

Chromatography

Gas chromatography was performed using a Varian Aerograph Model
1740 gas chromatograph equipped with dual hydrogen flame detecters and
a linear temperature programmer. Stainless steel columns were prepared
with solid supports and liquid phases obtained from Applied Science
Laberatories. Two columns were used for most of the separations:

{1 a 1/8" u 5', 3% SE-30, on acid-washed, and silinized chromoscrb W
and {(2) 1/8" =% 12', 3% 0V-17, on acid-washed and silinized chromosorb
W. The column temperature, linear programming rate, nitrogen carrier
gas flow rate, and the retention time are given for each example. The
relative peak areas were measured using a CGelman Instruments Co. plani-
meter,

Thin layer chromatography was used for qualitative analysis, and
the plates were prepared as described previously.6 Ninhydrin spray
reagent was used as described previously27 for visualization of spots
corresponding to amino acids. Iodine vapor and uv lamps were also used
for visualization of spots on tlc plates.

Alumina chromatography columns were prepared by slowly pouring

the indicated amcunt of the acid-washed alumina (Merck 71695) intec a
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cylindrical column that was already half filled with the indicated
solvent. The column had a coarse, fritted glass disc at the bottom

and was packed by draining the excess solvent, accompanied by vibration,
until the adsorbent was firm. The packed dimensions are given in the
text.

Silicic acid chromatography columns were prepared by mixing the
indicated amount of silicic acid (Unisil 200-325 mesh, Clarkson Chemical
Co.) with chloroform. The slurry was slowly poured intc a cylindrical
column that had a coarse, fritted disc at the bottom. The celumn was
packed by draining the excess chloroform, accompanied by stirring, fol-
lewed by vibration until the adscrbent was firm. The packed dimensions
are given in the text.

X-ray Data

Preliminary orientatlon pictures were cbtained using a Buerger
precession camera (Charles Supper Co.) fitted with a Polaroid ¥R-7 film
cassett. The crystal to film distance was 60 mm. Zirconium filtered
Mo Ka radiation generated by a Picker full wave X-ray generator was
used for the orientation photographs. The intensity data collected by
photographic methods were obtained by using Iliford Industrial G X-ray
film (5" x 7", cut to fit a film envelope, ea. 5" x 6 3/8") in an
equi-inclination Weilssenberg camera (Nonius, Delft, Holland). Nickel
filtered Cu Ko radiation generated by a Philips full wave X-ray gener-
ator was used to collect the intensity data.

A Picker automated four-circle diffractometer equipped with a

Picker full wave ¥-ray generator was used to collect the diffractometer
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data. Zirconium filtered Mo Ka radiation was used for data collection.
The diffractometer was automated by a direct relay to an IBM 026 key
punch, through which information was conveyed to and from the diffrac-
tometer by punched cards. A NaI (T1) scintillation detector was used
to count the diffracted radiation.

A Univac 1108 computer was used extensively in the structure
determinations. An off-line Calecomp plotter, California Computer
Preducts, Inc., was used to plet the molecular structures shown in the
text.

Miscellaneous

Unless otherwise stated, all concentrations and evaporations
were performed using a modified, all glass Rinco (Model VE-10004)
rotory evaporator at water aspirator vacuum and steam bath temperature
or at oil pump vacuum and water bath temperatures of 50° or less. Dry-
ing of sclutions and extracts in organic solvents was accomplished,
unless otherwise stated, by the addition of anhydrous sodium sulfate
or molecular sieves (Linde 3 or u R, 1/16° pellets). The drying agent
was removed by gravity filtration and washed thorcughly with several
fresh peortions of solvent.

All melting points were obtained using a Kéfler hot stage and
are corrected. Microanalyses were performed by Bernhardt Laboratories
(Miilheim, West Germany).

Anhydrous ether (Fisher reagent E-138) was stored over sodium
vibbon. All solvents were redistilled and stored as described else-

where.28 The n-butyllithium was obtained from Alfa Inorganics, Inc.



19

as a 21.1 wt per cent solution in hexane (ca. 2.25M) and used as
received. Diazomethane was generated from EXR-101 obtained from
E. I. Dupont Nemours, Inc. (Gibbstown, New Jersey), by the method
described elsewhere.29 Diazoethane was prepared by the method
described for diazomethane, but bis-(N-ethyl-N-nitroso)terephthalamide
prepared by standard methodsao was substituted for EXR-101.

Throughout the experimental text the solvents high, medium,
and low beoliling petreoleum ether refer to solvents purified as follows:
High boiling petrcleum ether was Practical Grade Lastman Ligrecin
(density 0.69-0.71/20°) that was glass distilled and the fraction
boiling at 105%-115° (uncorrected) was collected and stored over
sodium ribben; medium beiling petroleum ether was Practical Grade
Eastman Ligroin (density 0.68-0.70/20°) that was glass distilled and
the fraction bolling at 66-75° (uncorrected) was collected; low boiling
petroleum ether was Practical Grade Eastman Ligroin (density 0.63-
0.64/20°, bp 35-60°) stored as received cver sodium ribbon.

In the tables and text, numbers in parentheses that follow
numerical data represent the estimated standard deviation in the
last significant digit.

The atom numbering system used in the Figures corresponds to
the order in which the atoms were located and does not correspond to

any chemical convention.
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Viceidic Acid

Description and Mounting of the Crystal

A solution of viccidic acid dihydrobromide in acetone-water
(ea. 1:1) was slowly cooled, and clear colorless crystals wers
obtained (mp 200-205° dec).6 From these crystals a suitable needle
shaped crystal was chesen with dimensions eg. 0.5 x 0.25 x 0.25 mm.
A section of the crystal perpendicular to the needle axis was approxi-
mately a regular hexagon. The density of a crystal was obtained by
mixing carbon tetrachloride and bromoethane until a solution was found
in which the crystal would remain stationary. The density of this
soluticn was then measured at 20° and was found to be 1.85u(2) g cm-a.

The crystal was carefully glued onto a glass fiber; the needle
axis was orientated parallel to the fiber axis., The glass fiber was
glued to a standard size metal pin, and the pin was then mounted on a
standard gonicmeter head.

Orientation of the Crystal and Collection of Intensity Data

The crystal was aligned on a Buerger precession camera by the
methods described elsewhere31 using Mo Ko radiation (X = 0.7093 R).
The orientation photographs showed zones at spindle settings of 1219
0' and 30° 0'., Zero and first upper level photographs at both of
these spindle settings were taken, and all photographs possessed mirror-
mirror symmetry, which placed the crystal in the orthorhombic system.
The systematic zero level extinctions along the A00 line when 7= 2ntl,
along the Ok0 line when k = 2n+l, and along the 007 line when 7 = 2n+l,

indicated the space group PQlQlQl. A photograph was taken half way
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between the zero and first level to investigate the possibility of the
space group being face centered. The photograph showed no reflection;
this substantiated the assignment of the space group as P212121.

Tilm measurement of the reciprocal cell dimensions were

)
W

& =5.22mm, b = 3.u3 mm, and ¢ = 2.78 mm.  The direct cell dimen-
sions of @ was calculated from a* by the relationship ¢ = £.7093 R X
60 mm/a*. The direct cell dimensions b and ¢ were cbtained from
analogous equations to give values of aq = 8.17(2)1, b = 12.22(2)3,
and ¢ = 15.34(2)3. The calculated density based on four molecules
of Peptide III (CgH15N503-2HBr-H20, mol wt = U21,11) and a unit cell
volume of 1531.5 A° was 1.832(2)g em ™3

The goniometer, with the crystal intact, was transferred to a
Welssenberg camera for collection of intensity data. After checking
the alignment of the camera in relation to the X-ray beam, a rotational
photograph was taken using nickel filtered Cu Ko radiation (A =1.53¢ E)
to check crystal alignment. A zeroe level photograph was exposed
for 24 hr. From this photograph, an intense reflecticon was chosen to
make a standard series of exposures. The spindle was set to align this
reflection, and exposures were made on a film for 1, 2, 5, 10, and
20 min by moving the camera carriage 4 mm between each exposure. The

one minute exposure was just visible on the developed film; for this

reason it was chosen as the time increment for a more complete series

+Reciprocal cell translations are given in mm on the basis of a
sphere of reflection of 60 mm radius. Since the value 60 mm corresponds
to the crystal to film distance of the precession camera, reciprocal
cell translations were measured directly from the film,32
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of exposures. Standard exposures of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 14, 16, 18, 20, 22, 24, 28, 32, 36, and 40 min were made on a
single film. This constituted the series of intensities with which
the observed intensity data were compared.

The layer photographs were made using the conventional Weissen-
burg geometry39 by placing three films, separated by thin paper, into
the camera and exposing for 24 hr, Photographs were obtalned for each
of the kI (h=0,7) levels., In addition, the hkI (i =0,4) levels
required a fourth film exposed for one hour. The three {or four)
photographs for each level were developed simultaneously. The intensi-
ties were estimated visually by comparing each reflection with the
standard series of intensities prepared from the same crystal.

Film factors were obtained by recording the Intensity of 80
pairs of reflections, which could be read accurately on two films,
and computing the average ratio of these intensities. The average
value of the ratios of the intensities obtained for the first:second
and second:third films for all eight levels was 2.34(6).

A total of 1031 independent reflections were read and corrected
for Lorentz and polarization effects.au The linear absorption coeffi-
cient (u) for viocidic acid was computed from the mass absorption

. . 35 . . .
coefficients (u/p) by means of 1, where p; 1s the weight fraction of
u = G Z p.[H'J_ (l)
;01 i

element 1 in the crystal and G is the density. Values for (u/p) were
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obtained frem International Tables for X-ray Crystallography.36 The
linear absorption coefficient so computed was u = 77.54 cm_l. Absorp-
ticn corrections were computed assuming the crystal was a cylinder of

37

mean radius 0.1 mm. No extinction corrections were made.

Structure Soluticn and Refinement

The structure of viocidic acid was determined by a conventional
. . 38 . . : 39
application of the heavy atom method. A three-dimensicnal Patterson
34
synthesis calculated  from the corrected intensity data revealed a set

of high intensity vectors consistent with the P21212l space group. The

fracticnal coordinates of the two bromide ions were obtained from these
vectors, and a structure factor calculation based on these coordinates

= 0.60, y, = 0.33, z, = -0.43)

2

(x, = 0.56, v, = 0.57, z, = 0.33, x 5

1 1

gave a R, value of 0.2705, where Rl is defined by Equaticn 2_40

1

_ z"Fobsd| ) WFcalcdn

R, (2)

z'Fobsd|
. 34
An electron density map was calculated  where the phases of
the Fobsd values were based on the two bromide ions. From this map it
was possible to find six peaks for atoms that were in reascnable bond-

ing distance of one another. Location of the remaining ztoms was

achieved by a sequence of (1) a structure factor calculation, based on

the coordinates of atoms previocusly located to cobtain phased Fobsd

values and (2) an electron density Fourier calculation using the phased

Fobsd values to obtain coordinates for additionzl atoms. A newly
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located atom was considered valid when the atom coordinates refined
to a stable position and the magnitude of the isotropic temperature
factor was less than six. Several cycles of refinementul cf all the
atomic coordinates, scale factors, and isotropic temperature factors
gave a Rl value of 0.1305. Ten reflections suspected of being effected
by extinction were removed from the data set.

All light atoms in the structure had been assigned as carbon.
The three atoms that had low isotropic temperature factors (0.1-0.3)
were all in logical positions for water molecules and were assigned
as oxygen atoms. The process of refining coordinates and isotropic
temperature factors was repeated for ten cycles. This revealed five
atoms that had low isotropic temperature factors (0.2-0.8), and these
were assigned as nitrogen atoms. An additional five cycles of refining
all atomic coordinates, scale factors, and isotropic temperature fac-
tors gave an Rl value of 0.1101.

A1l refinements were full matrix least-squares, and the function

minimized is given in Equation 3, where w is the weight assigned tc a

particular reflection. All previous refinements were based on unit

_ 2

2 =] W(IFc}bsc’ll B ‘Fcalcd‘) (3)
welghts for all reflections. Since it was possible to measure the
intensity of some reflections more accurately than others, a welghting
scheme was devised to give the less accurate veflections less weight.

It was possible to measure intensities (I) between 6 and 1% most
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accurately. Any reflection that had an intensity less than & was
assigned a weight w = ¥YI/6. Intensities greater than or equal to &
and less than or equal to 70 were assigned unit weight (w = 1). The

2z 70,

value 70 was chosen rather than 14 because 14 x film factor
Intensities greater than 70 were assigned weights w = ¥70/I. Several

cycles of refinement using the welighting scheme yielded an R, wvalue of

1
0.1095 and an R2 value of 0.1141, where R, is defined by Equation H.37
5 1/2
z w(’Fobsd[ } |FcalCd|)
5 = 5 (4)
Z w F
obsd

The isotropic temperature factors of the two bromide ions were
converted to anisctropic temperature factors. Refinement of all atomic
coordinates, scale factors, and anisotropic temperature factors using
the weighting scheme on 1021 reflections yielded an R, value of 0.0901

1
and an R, value of 0.0950. The wvalues of R, and R, for the 910 reflec-

2 1 2
tions that were greater than their estimated standard deviations were
0.0852 and 0.0946, respectively,
To determine the absolute configuration of viccidic acid, it was
necessary to correct the scattering factor of the bromide ions for the
real (Af') and imaginary (Af") portions of anomalous dispersion. The

. b2
corrections

for the real portion of the anomalous dispersion were:
Af' = -0.9, sin®/A = 03 Af' = -1.0, sin8/X = 0.6. Values of Af' for

intermediate sin6/) were obtained by interpclation. Corrections for

the imaginary portion were: Af" = 1.5, sin8/) = 03 &f" = 1.4,
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sing/X = 0.4; Af" = 1.3, sinB/X = 0.6. The two sets of coordinates
corresponding to the two emanticmers shown by structures 6 and 6' gave
Rl values of 0.0801 and 0.0922 for enantiomer & and enantlcmer Ef,
respectively, after eight cycles refining atomic coordinates, scale
factor, and anisotropic temperature factors. Hamilton1+3 proposed a
significance test on the R factor ratio that has been applied to
several determinations of absclute configm:‘atic\n.LM’L1L5 The ratio of
the Rl values for the final refinement was 1.023. An application of
Hamil‘con‘su3 significance test resulted in the assignment of enantiomer
6 as the correct absolute configuration with a confidence level of
better than 99.5 per cent. The observed structure factors and the
calculated structure factors for the 1021 reflections are given in
Table 2. The atomic coordinates, thelr estimated standard deviations,
and the isotropic temperature factors are given in Table 3 for the non-
hydrogen atoms of viocidie acid. A difference Fourier did not reveal

any significant peaks.

Tables 2 and 3 appear on the following pages:
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Table 2. Observed and Calculated Structure
Factors for Viocidic Acid Dihydrobromide
L FO FC H K L FC FC H K L FO FC
4 11 12 s 5 g 34 31 1 0 7 %5 54
8 ©7 94 o] 5 ? 73 75 1 V] 8 65 68
13 S0 89 G 5 10 44 35 1 o 11 17 12
12 78 B84 v 5 11 36 33 1 G 12 28 24
14 14 11 Q 5 1z 20 5 1 0 13 49 48
349 54 U3 13 37 313 1 0 14 22 19
4 126 12% v 6 0 34 32 1 1 1 44 44
5 GB 9B U 5 1 3 36 1 1 2 8% 96
7 71 70 O 6 2 62 5 1 1 3 82 88
8 64 62 g 6 3 5 2 1 1 4 30 25
g 3% 1213 v 6 4 37 37 1 1 5 61 53
10 27 20 0 6 5 42 41 1 1 & 27 23
13 28 24 ¢ 6 6 921 91 1 H 7 48 48
15 &0 58 ¢ 6 7T 12 4 1 1 8 34 30
16 37 38 o 6 .9 23 19 1 1 % 71 &5
1 36 44 v 6 10D 31 g 1 1 10 59 63
2 45 a3 v & 11 24 16 1 1 11 5& 54
3 85 100 v & 14 43 51 1 1 12 2% 23
4 30 24 J 7 1 104 110 1 1 13 32 31
5 33 31 0 7 2 Lobh 1la 1 1 15 22 18
& %0 88 O i 349 49 1 2 J 55 59
7 g 55 o] 7 4 39 41 1 2 1 73 78
g 28 22 0 7 5 48 48 1 2 2 114 119
9 81 81 G 7 5] 17 16 1 2 32 67 80
11 81 87 0 7 7T 63 80 1 2 3 34 27
12 41 31 U 7 8 42 38 1 Z 6 88 98
1 31 30 0 7 3 46 40 1 2 7. 49 49
L 27 26 4] T 12 67 171 1 z 8 17 13
Z 97 9% o T 12 31 27 1 2 g 52 51
3 151 159 0 7T 14 21 13 1 2 10 46 42
4 77 82 ¢] 8 U 98 109 1 2 11 a6 43
5 78 78 0 B 2 4% 48 1 2 12 31 28
6 56 90 U B 3 56 52 1 2 13 26 22
7 &1 57 0 8 4 2B 25 1 2 14 41 48
9 &8 6% 0 8 5 7% T4 1 2 15 25 2a
10 356 31 0 8 8 139 32 1 2 16 23 24
11 23 15 G 8 9 24 22 1 3 0 90 1064
12 52 49 8] 8 13 46 45 1 3 1 109 123
0 17 11 0 8 12 33 31 1 3 2123 134
1 127 133 J 8 12 17 15 1 3 3 68 &7
2 30 32 0 9 1 45 4l 1 3 4. 77 81
3 1095 110 9] 4 Z 23 13 1 3 5 65 67
& 27 27 O 9 4 91 95 1 3 & 31 27
5 B4 83 0 g 5 19 13 1 3 7 93 100
6 14 12 0 9 7T 26 20 1 3 8 a4 63
7 36 131 0 9 8 61 &0 1 3 9 42 35
8 45 43 G 9 g 31 36 i 3 10 47 44
g 71 &8 0 9 12 37 40 1 3 11 37 36
10 32 29 0 10 1 &3 56 1 I 1z 32 29
11 31 18 0 10 3 46 44 H 3 13 26 23
13 56 56 ¢ 10 4 39 37 1 3 14 37 138
1 108 115 G 10 6 37 36 1 3 15 25 19
5 71 85 0 10 7 a8l 85 1 3 16 20 20
3 52 52 0 10 8 31 28 1 4 0 132 las4
& 9 4 0 10 11 37 35 1 4 1110 121
& 46 54 o 10 12 25 24 1 4 2 23 27
7 32 31 1 0 2 37 29 1 4 3 .39 37
1 ¢ 3 45 49
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6 14 9
7 Y] 59
g8 b1 48
g 100 98
10 54 &7
11 37 29
12 24 15
13 47 %82
15 17 i4
1l %3 63
3 81 19
4 B2 83
5 85 89
& &1 &5
7 &7 6H&
g 73 717

I

oMM NMONMONNNMORMRONMNMNONN RN NN NN MR NN RN N R R R RN N N R

Fa

Wy B s LLRLULWLLRWIN LR WWRNMNIRNMNNNMNMNMNN RO NR

—

b e
£ W= O

—
VoL wm PR O3

28



I

NN NODNNNNNNNRD NN NN N NN N NN N NN NN RN NN N RN NN R NN

~

-

— e
VO~ ESwNEOWNR SO 40

Table 2.

I
>~

S ‘
QOO OC OO OO0 L0

WWLWWLLWwWwWwWwwWwWwwuwLwbwwwwwwwouidWwwwwwwwnoeNNRRNDNDN NN NN N RN N RN

NMNMNMNNRE PSSR RS R e O000 000000

{Continued)
L FO FC
3 52 54
4 46 51
5 74 80
6 28 20
7T 18 1la
8 22 1%
9 28 28

10 17 12

11 20 20

12 21 19
1 %8 62
2 41 52
3 22 16
4 12 9
5 12 .11
6 25 18
T 30 26
a8 12 11
9 26 26

11 18 18

10 4l 44
2 36 32
3 40 37
5 3% 37
6 49 51
7 26 25
3 65 71
4 120 131
6 35 32
7 22 19
8 70 77
9 32 29

11 24 27

12 39 33

13 12 8

14 21 20
1 50 46
Z 39 3
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Table 3. Final Least-Squares Positicnazl and
Thermal Parameters for Vioecidie
Acid Dihydrobromide
Atom pe v z B
Br(1l) 0.5654( 3) 0.5690( 2) 0.3311( 1) %
Br(2) 0.5861( 3) 0.3361( 1) -0.4329( 1) %
N(3) 0.2645(27) 0.3136(16) 0.2388(13) 2.81(53)
cly) 0.3365(27) 0.3800(17) 0.1853(13) 1.63(49)
N{5) 0.2593(21) 0.4736(12) 0.1674(11) 1.51(38)
c(s) 0.3178(32) 0.5428(19) 0.0951(1y) 2.64(65)
c(7) 0.4964(25) 0.5369(15) 0.0693(13) 1.44(47)
c(s) 0.5804(30) 0.4369(17) 0.1043(12) 2.03(47)
N(9) 0.4678(19) 0.3520(13) 0,1394( g) 1.56(36)
c(10) 0.6813(26) 0.3885(16) 0.0266(13) 1.61(50)
c(11) 0.7220(28) 0.2671(18) 0.0203(15) 2.10(58)
0(12) 0.8133(18) 0.2402(11) 0.0906( 8) 1.37(34)
0(13) 0.6653(18) 0.2068(11) -0.0324( 9) 1.63(34)
N(14) 0.5622(22) 0.4128(12) -0.0520(10) 1.29(35)
c(15) 0.48L0(24) 0.5230(15) -0.0359(12) 1.20(48)
Cc(16) 0.3066(28) 0.5345(16) -0.0649(1L) 2.11(53)
N(17) 0.2108(1¢) 0.5008(13) 0.0119(10) 1.76(34)
0(18) 0.5110(19) 0.4514(11) -0.2401( 9) 1.97(37)
0(19) 0.5873(26) 0.6772(14) -0.2559(10) 3.65(44)
0(20) 0.6430(23) 0.3097(1%) 0.3554(11) 3.78(50)
B11 8 B23 612 613 B3

Br(1l) 0.00987 0.00378  0©.00359 -0.00074 -0.00035 -0.00019
“Br(2) 0.00811  0.00407  0.00363 0.00173 0.00017  0.00039




Hydrolysis of Viocidic Acid
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A single crystal (az. 1 mg) of viocidic acid dihydrobromide6

was dissolved in 0.75 ml of 6F hydrochloric acid; this solution was

heated for 24 hr on a steam bath under reflux.

The hydrolysate was

analyzed by tlc using silica gel HF254 plates 1in several solvent

systems; the plates were sprayed with ninhydrin reagent, and the

results are given in Table 4,

Table 4. Tlc Analysis of the Acid Hydrolysate of Viocidic Acid
Solvent Hydrolysate Viocidic Acid DAPA Viomycidine
BAWT 0.16 brown 0.16 brown 0.33 brown 0.25 purple
0.27 blue 0.32 purple
0.68 yellow

BAAAwb 0.27 brown ¢.27 brown 0.41 brown 0.18 purple
0.39 blue 0.42 purple

Water 0.20 brown 0.20 brown 0.42 brown 0.18 purple
0.46 blue 0.47 purple
.67 yellow

pan - t-butyl alcchol:acetic acid:water (2:1:1).

b

(9:3:2:2:4).

BAAAW - nm-butyl alcohol:acetone:acetic acid:5% aqueous ammonia:water




35

2-(2,3-Dichlero-2-pyrrolin-l-yl)-l1-pyrroline

Reaction of 2-Pyrrolidinone with Hydrogen Chloride and
Phosphorous Pentachloride

Liquid 2-pyrrolidinone (30 g, 0.3% moles) maintained at 1u4Q°
was saturated with hydrogen chloride. Addition of hydrogen chloride
was discontinued, and the dark liquid became solid when coeled to
ea. 70°., Phospheorous pentachloride (90 g, 0.43 moles) was added to
the mixture with stirring and heating to ea. 90°. A vigorous reaction
began as the two solids melted and continued with the evolution of a
gas. The semisolid material was heated to 110° and that temperature
was maintained with stirring for 15 min. The dark liquid was
cooled to 0° in dry ice~-acetone. Small chips of ice were carefully
added, and the ensuing reaction was contreclled by emersing the flask
in dry ice-acetene. After the addition of e¢g. 20 ml of water and 1 g
of Darco G-60 the mixture was slowly warmed to 20° and stirred for
15 min. The Darco G-60 was removed by vacuum filtration through
a celite mat. The filtrate was cooled to 0° and cold 6§ scdium
hydroxide was added, with cooling, until a pH of ¢a. 11 was reached.

A tan preciplitate formed immediately and was collected. This material
was washed with water and recrystallized from acetone-water (1:1) *o
yield brown needle crystals (ca. 7 g). These crystals were sublimed
at 57° and 1 mm to yield 4.7625 g (13%) of 8: mp 50-51° [lit.ll mp

50-51°07; uv max (95% C_H_OH) 262.5 nm (e 1.49 x 10%); ir (film)

2H5
3160, 2900, 2980, 2860, 1735, 1625, 1605, 1423 and 1230 k among others;
60 MHz nnr (CClq) T 8.10 (m, 2), 7.32 (t, 2, J = 9 Hz), 7.1 (t, 2,

J=8 Hz), 6.45 (t, 2, J=7 Hz), 6.00 (t, 2, J=9 Hz), 100 MHz nmr spin
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decoupling (CClq) irradiate 1 6.45 (8.10 became t, J=8 Hz), irradiate
T 6.00 (7.30 became s), irradiate 7t 7.10 (8.10 became t, J =7 Hz); mass
spectrum (70 eV) m/e (rel intensity) 208(15), 207(21), 206(79),
205(61), 204 M7 (100), 203(60), 171(40), 170(15), 1639(77), 138(30),
136(43), 133(22), 69(19), 68(22); emd M+ 204.029(8) caled 204,022,

Anal CgHyN,Cl, Caled: C, 46.843 H, 4.91; N, 13.68

{205.09) Found: C, 46,733 H, 5.023 N, 13.81

A solution of 24 in 95 per cent ethancl (ea. 20 mg in 2 ml)
was added to 20 ml of 95 per cent ethanol that was ca. 1¥ in silver
nitrate and 0.5V in nitric acid. After two hours no visible precipi-
tate was present. A solution of 24 in acetone rapidly decolorized a

solution of neutral potassium permanganate.

Preparation of {(E)-2,3-Dichloro-1-(2-pyrrolidinylidene)-
2-pyrrolinium bromide 25

A solution of 24 {ea. 1 g) in 100 ml of anhydrous ether was
cooled to ea. 10° and treated with dry hydrogen bromide. The color-
less precipitate was collected and washed with three 20 ml portions
of anhydrous ether. The dried colorless material (ea. 1.2 g) was
dissolved in a minimum amount of water at £0°. The solution was
allowed to slowly cool, and the crystals that formed were collected

mp > 200° dec; uv max (85% C2H OH) 260.0 nm(e 1.83x104); ir (KBr

5
pellet) 3080, 3000, 2840, 1660, 1630 and 1500 k among others; 100 MH=z

nmor (TFA) at 20° © 7.65 (m, 4}, 6.96 (m, 4) 6.54% (5,4, J=7.5 Hz), 6.21
(m, %), 5.80 (m, 4), 2.05 (s,>1) and 1.65 (5,<1). The ratio of 1.65 1

to 2.05 v was 1:2.43, at 40°C, 1:2.36, at -7°, 1:2.90,
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Anal CgH) N,Cl,*HBr Caled: C, 33.42; H, 4.01; N, 9.61

(285.93) Found: C, 33.60; H, 3.85; N, 3.70

Collection of X-ray Film Data

Description and Mcunting of the Crystal. A solution of 25 was

crystallized from acetone-water {ea. 20:1) by allowing a warm saturated
solution to cool slowly tc 0°. An apparently single crystal of approxi-
mate dimensions 0.20 x 0.08 x C.08 mm was selected. The density of a
single crystal was determined by flotaticn iIn a solution of carbon tet-
rachloride and bromoethane and was found to be 1.67 g cmua. The crystal
was mounted on a glass fiber, and the fiber was glued to a metal pin
mounted on a standard goniometer head.

Orientation of the Crystal and Cellection of Intensity Data.

The crystal was aligned on a Buerger precession camera by methods
described elsewhereal using Mo Ko radiation (X = 0.7093 E). Two zones
were found at spindle settings of 96° 05' and 188° 05'; only the zone at
186° 05' showed mirror-mirrer symmetry, which placed the crystal in
the monoclinic system. The systematic extincticens in the A0l zone for
I = 2n+l and along the line 0kO for k = 2n+l indicated the space group
PQl/c.

Film measurements of the reciprocal cell dimensions were
4 = 6.95 mm, b = 1.96 mm, o = 4.91 mm, and & = 679 15'. The direct
cell dimensions calculated from these film measurements were

o] (e} o]

a = 6.64(2)Y A, b = 21.79(u) A, ¢ = 9.,42(2) A and A = 112° 45', The
calculated density, based on four molecules of (CSHlONQClQ-HBr-QHQO,

le]
mol wt = 321.02) and a unit cell volume of 1256.9 AS, was 1.688(2)

-3
g cm .
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The crystal, which had been aligned with the a:'= axis parallel
to the spindle axis, was reoriented with the b axis parallel to the
spindle axis. The crystal was transferred tc a Weissenberg camera to
collect intensity data. Alignment of the crysztal on the Welssenberg
camera was checked by taking a rotational photograph.

The layer photographs were obtained using the conventional
Weissenberg geometry by placing three films, separated by thin paper,
into the camera and exposing the films for 24 hr. Photographs were
obtained for each of the %kl (h=0,4) levels using Cu Ka radiation
(X = 1.539 Z). The three photographs for each level were developed
simultaneously. The Intensities were estimated visually by comparing
each reflection with a standard series of Intensities. A total of
1380 independent reflections were read and corrected for Lorentz and
polarization effects.au

. . X 39
Attempted Structure Solution. A three-dimensicnal Patterson

synthesis calculated from the corrected intensity data revealed a

set of vectors consistent with the PQl/c space group. Fractional
coordinates for the bromide ion were obtained from these vectors,

and a structure factor calculationL+0 based on these ccordinates gave

an R1 value of 0.320C., Attempts to locate atom pesitions from electron
density maps and subsequent structure factor calculations were unsuc-
cessful. Decomposition of the crystal was noticed only after the data
had been collected and estimated. Because of this decompositicn and
the iInability to refine the structure, the attempt to solve the

structure from these film data was abandoned.
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Collection of Diffractometer Data

Description and Mounting of the Crystal. A solution of 25 in

distilled water was allowed to evaporate slowly. The small crystals
(eq. 0.07x0.05x0.05 mm) that were obtained appeared from preliminary
precession photographs to be twinned. However, these crystals had
well formed faces and were physically stable (Z.e. they did not lose
solvent of crystallization}. By slow evaporation of an aqueocus solu-
tion of 25, large crystals (ea. 4x3x1 mm) were obtained. A crystal of
suitable size was cut from one of these large crystals and mounted for
preliminary precession photographs. The crystal preduced a diffraction
pattern unlike the crystals suspected of being twinned.

VAn approximately cube shaped (0.461 x 0.403 x0.355 mm) crystal was
cut from one of the large crystals using & razor blade. The density
of several similar crystals was obtained by flotation in a solution
of carbon tetrachloride and bromoethane and was found to be 1.887(2)
g cm_s.

The crystal was carefully glued cnto a glass fiber; the longest
dimension of the crystal was oriented perpendicular to the fiber axis.
The glass fiber was glued to a standard size metal pin, and the pin
was then meunted on a standard goniometer head.

Orientation of the Crystal. The crystal was aligned on a

Buerger precession camera by the methods described elsewheresl using
&

Mo Ko radiation (A = 0.7093 A). The orientation photographs showed

zones at spindle settings of 95° 45' and 549 00'. Zero level photo-

graphs at both spindle settings were taken, and both photographs
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possessed mirror-mirror symmetry, which placed the crystal in the
monoclinic system. Systematic extinctions along the line (k0
k = 2n+) and in the h0l zone for I = 2nt+tl indicated the space group
PQl/c.

Film measurements of the reciprocal cell dimensicns were
4 =6.96, b = 1.95, ¢ = 6.81 mm, and 8 = 41° S1'. The direct cell
dimensions calculated from these measurements were g = 9.21(2) A
b = 21.88(4) E} ¢ = 5.41(2) R, and g = 138° 15'(10).

§
Collect”on of Intensity Data. The goniometer, with the crystal

intact, was transferred to an automated Picker four-circle diffrac-
tometer. The crystal was aligned according tc Picker instructions.
The setting angles of ten reflections were manually cptimized for
maximum intensity. The setting angles of these ten reflections were
used to refine unit cell dimensions by a least-squares procedure.47 The
unit cell dimensions obtained were a = 9.193(2) E, b = 21.902(190) E,
¢ = 9.428(3) i, and B = 138.166(20)° using Mo Ko radiation (i =
0.7093 Z). The calculated density based on four molecules of gg
(CBHlONQClz-HBP-2H2O, mel wt = 322.05) and a unit cell volume of
1266.0 33 was 1.693(1) g em™

The intensity measurements were cbtained from the same crystal
used feor unit cell measurements. The intensities were measured, using
zirconium filtered Mo Ko radiation, with a scintillation counter
mounted 21 cm from the crystal. The intensities were collected by the

8-28 scan technigue with a takecff angle of 1.6° and a scan rate of

1° minwl. A symmetrical scan of 2° was taken about the calculated
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position for each reflection. Stationary background counts of 20 sec
were taken at the end (Bl) and the beginning (B2) of the 26 scan.
Calibrated copper attenuators were used in collecting the data.u2 The
attenuation point was set so that the counting rate would not exceed
10,000 counts sec_l. The pulse height analyzer was set for approxi-
mately a 90 per cent window centered on the Mo Ka peak.“9 A total of
2197 veflections were collected for h = -6,6, ¥ = 0,12, and L = -6,6.
The equivalent Akl and AkI reflections were later averaged to give
1042 unique reflections.,

Corrected intensities (CI) were obtained by subtracting three
times the total background count from the total integrated peak count

(CT) as shown in Equation 5. The background counts are multiplied
CI = CT - TST/2 x SBT(EBl+E?2) (5)

by three because this is the ratio of teoctal scan time (TST) to twice
the single background +time (SBT}. The corrected intensities were

. e s . . 50 .
assigned standard deviations according to Equation 6, where P is an

0(CI) = [CT + 0.25(TST/SET)(BI4B2) + (P x c1)21/ 7 )

ignorance factor assigned by Ibers as between 0.05 and 0.01. A total
of 840 refilections were accepted as statistically above background on

the basis that o(CI)/CI was less than 0.11 when P = 0.01.
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A strip chart recorder monitored the scan of each reflection.
This record was examined for erratic background and the Inclusion of
a peak from the ¥B of Mo radiation. Thirty-six reflections were
removed from the data for these reascns.

Approximately every 100 reflections, three standard reflections
were measured. The average of the last set of standards was cqg. 88
per cent of their initial average value. A FORTRAN computer program
was written* to scale the intensities according to the sets of
standard reflections assuming a linear decrease in intensity between
standards. The scaled intensities {SCI) were corrected for Lorentz
and polarization effects. The linear absorption coefficlent was
calculated according to Equation 1, and was found to be p = 33.5 cm_l.
Absorption corrections were made by assuming the crystal to be a

. 37 . . ]
sphere of mean radius 0.2mm. No extinction corrections were made.

Structure Sclution and Refinement. A three-dimensional Patter-

gson function was calculated using the 604 unique nonzero reflections.
A set of high intensity vectors consistent with the PQl/c space group
were found, and the fractional coordinates of the bromide ion were
obtained from these vectors. A structure factor calculation based on
these cocrdinates (x = 0.380, v = 0.325, z = 0.03C) gave an R, value

of 0,39. An electron density map computed from the F values,

obsd

phased by the bromide ion, revealed positions for the two chlorine

atoms. A structure factor calculation based on these three atoms gave

“See Appendix.
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an R2 value of 0.27., GSubseguent electron density maps revealed pgosi-
tions for the 12 light atoms. All light atoms were initially assumed
to be nitrogen atoms until their isotropic temperature factors dictated
their assignment as carbon or oxygen. Several cycles, refining the
atomic coordinates, scale factor, and isotropic temperature factors,
yvielded on R2 value of 0.068B. After further refinement with aniso-
tropic temperature factors and a weighting scheme, based on counting
statistics (w = H(CI)/G(I)Q), values of 0.082 and 0.04% were obtained
for Rl and Ry respectively. Table 5 lists the observed and calcu-
lated structure factors for each hkI. Table 6 lists the final posi-
tional parameters for 25,

Tables 5 and & appear on the fellowing pages:
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Table 6. Yinal Least-Squares Positional Parameters for 25
Atom X v z
Br{l) C.3676( 4) ©0.3271¢( 1) 0.0219( 4)
c1(2) ©.7979( 9) ©0.5600( 4) 0.7770( 9)
C1(3) 0.9642(10) 0.uu52( 4) 0.8967(10)
c(u) 0.4899(u72) 0.5464(13) 0.1812(33)
N(5) 0.5251(29) 0.5754{X1) 0.3527(26)
N{6) 0.2661(27) 0.6498{(10) 0.1238(26)
Cc(7) 0.4u57(34) 0.6571{(12) 0.4775(32)
0(8) 0.1456(23) 0.8685( 8) 0.25u46(22)
C(9) 0.4161(35) 0.6209(14) 0.3155(31)
c(10) 0.2u88(39) 0.7003(11) 0.3350(37)
C(11) 0.6315(36) 0.4893(13) 0.2767(34)
c{12) 0.1712(40) ©0.7027(13) ©.11393(40)
0(13) 0.7670(28) 0.6947( 7) 0.4135(22)
c(14)  0.7616(38) 0.u846(15) ©.5105(36)
c(15) 0.7070(35) 0.5398{(14) ©.5433(31)

Vicanicin

Preparation of Bromoacetylvicanicin. Thionyl chloride (20 g)

and a-bromecacetic acid (6 g, 0.04 mole) were boliled under reflux for
one hour. The dark brown sclution was then distilled through a 12 c¢m
vigreux column, and the fraction that distilled at 125-130° was
collected to yield 3.1 g (0.017 mole, 40%) of a-bromoacetylchloride:
bp 125-130° [1lit.°T bp 127° and 130°]. Vicanicin (50 mg, 0.127 mmole)
was dissclved in 20 ml of anhydrous benzene. One milliliter of
a-bremoacetylchleride was added to the benzene solution, and the solu-
tion was boiled under reflux for 48 hr. The solvent was evaporated

at reduced pressure, and the resulting gum was crystallized from chloro-
form-cyclohexane (ca. 1:1) to yield 35 mg (0.070 mmcle, 55%) of bromo-
acetylvicanicin: mp 176.5-179°; mass spectrum (7C eV) m/e (rel obsd
intensity, calcd intensity) 508 (0.055, 0.030), 506 (0.222, 0.214),

504 (0.uu5, 0.469), 502 M+ (0.278, ©.288), 480 (0.089, 0.030), 478
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(0.222, 0.214), 476 (0.423, 0.46%), 474 (0.293, 0.288), 471 (0.l4u,
0.122), 469 (0.48¢, 0.497), 467 (0.366, 0.381).

Preparation of O-Ethylvicanicin 26. Excess diazoethane in

ether was added to a solution of vicanicin (103 mg, 0.27 mmole) in

ten milliliters of ether-ethanol {(1:1)}. The slightly yellow sclution
was allowed tc stand at room temperature for 48 hr. The sclvent

was evaporated at reduced pressure to yileld a gum that was crystalliged
from benzene-high boiling petroleum ether to yield 36 mg of 26. Several
crops of 26 were combined to yield 101 mg (0.24 mmole, 89%): mp 185~
186.5° [1it.16 np 185-186°7; nmr (DCCly) T 8.57 (t, 3, J = 7 Hz), 7.70
(s, 3), 7.56 (s, 3), 7.51 (s, 6), 6.25 (s, 3), and 6.00 {(q, 2, J =

7 Hz).

Preparation of Methyl-O-ethylvicanicate 27. A solution 28

(100 mg, 0.24 mmole) iIn 20 ml of methanol was treated with 200 mg of
freshly cut sodium under reflux. The reaction was beoiled under reflux
for an additicnal hecur. After cooling the solution to ex. 59, cold
dilute hydrochloric acid was added to pH 2. The acidic solution was
extracted with 50 ml of ether. After the ether was washed with 20 ml
of cold 1N hydrochleric acid, the sclution was dried, and the ether
was evaporated. The residue was dissolved in a minimum amount of
methanol, and the solution was allowed to evaporate slowly. After
several unsuccessful attempts to crystallize this material, the crude
product was dried to yield 82 mg of 27. The sample of 27 gave one

spet by tle at Rf 0.40 using benzene as the solvent.
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Oxidation of Methyl-O-ethylvicanicate 27. A sample of the

methyl-O-ethylvicanicate (82 mg, ¢a. 0.13 mmole) preparaticon was
dissolved in ten milliliters of distilled glacial acetic acid. To
this seclution 0.5 ml of concentrated nitric acid was added. After
15 min, 50 ml of water was added to the deep orange solution, and the
solution was extracted with four 25 ml portions of ether. The ether
extracts were combined and washed repeatedly with 15 ml portions of 5
per cent sodium bicarbonate sclution. The initial extracts were coclor-
less; then they became purple colored. These purple colored extracts
were combined and immediately acidified with cold hydrochloric acid.

The ether solution that had been extracted with the sodium
bicarbonate soluticns was extracted with three 25 ml portions cof 10
per cent sodium hydroxide solution. The sodium hydroxide extracts were
combined and acidified to pH 2 with 2V hydrochloric acid. The acidic
solutlion was extracted with two 50 ml portions of ether; the combined
extracts were dried and evaporated to vield 20 mg (0.081 mmole, 42%)
of phenolic ester 28: mp 63-65°; nmr (DCCls) T 8.55 (t, 3, 4 = 7 Hz),
7.80 (s, 3), 7.40 (s, 3), B.02 (s, 3}, 5.98 (q, 2, J = 7 Hz), and
-1.30 (s, 1); mass spectrum (70 eV) m/e (rel Intensity) 260(20),
258 M'(60), 228(32), 226(91), 199(20), 198(30), 184(56), 182(100),
172(26), 171(24), 170(8u4), 169(Ly).

The sodium bicarbonate extracts from above that had been acidi-
fied were extracted with twe 25 ml portions of ether. After the ether
was dried, it was evaporated at reduced pressure to yield an orange

colored oil. This oll was crystallized from m-hexane to yield 10 mg



(0.059 mmole, 31%) of an orange quinone 29: mp 126-127°; mass
spectrum (70 eV) m/e (rel intensity) 188(32), 188 M+(100), 160(17),
158(52), 130(20), 123(64), 103(33), 95(80), 83(68); emd M' 186.0113
(80) (C8H7ClO 186.0083),

3
Oxidation of Methyl-0-methylvicanicate 32. A sample of 31

prepared by Balthi523 was recrystallized from methanocl to yield

1 ,
cclorless needles: mp 155-156,5° [1it. © mp 155-1569]. A sclution of
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31 (395 mg, 0.945 mmole) in ten milliliters of distilled glacial acetic

acid was cooled to ca. 10°. Concentrated nitric acid (0.5 ml) was
added, and the orange solution was swirlled for 15 wmin. After

the acidic solution was ailuted with 100 ml of water, the solution
was extracted with five 30 ml portions of ether. The combined ether
extracts were extracted with four 20 ml portions of 5 per cent scdium
bicarbonate solution. The first two extracts were colorless and were
discarded; the last two extracts were purple. The purple extracts
were immediately acidified with cold 3¥ hydrochloric acid, and the
acid solution was extracted with three 20 ml portions of low hoiling
petroleum ether. The combined extracts were drlied, and the solvent
was evaporated to yield an orange semicrystalline compound (58 mg).
The orange material was recrystallized from n-hexane to yield 40 mg
(0.23 mmole, 24%) of an orange quinone 35 mp 126-127°; mmp with u43
126-127°; mass spectrum (70 eV) m/e (rel intensity) 188(30), 186 '
(1c0), 160(19), 158(52), 130(17), 123(60), 103(38), 95(75), 83(80);

emd M' 186.0051(80), (CgH,C10, 186.0083).
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The ether extracts above that were extracted with sodium
bicarbonate solution were alsc extracted with three 20 ml portions of
20 per cent aqueous sodium hydroxide. The basic extracts were combined
and acidified with cold concentrated hydrochloric acid. After the
acidic solution was extracted with three 30 ml portions of ether, the
ether extracts were combined and dried. Evaporation of the solvent
yielded a crystalline solid. Recrystallization of this solid

from methanol-water (2:1) yielded 127 mg (0.520 mmole, 55%) of

colorless crystals 33: mp 77-78° [lit.l6 mp 77-78°]; nmr (DCClS)

T 7.85 (s, 3), 7.41 (s, 3), 6.18 (s, 3}, 6.04 (s, 3}, and -1.4C (s, 1);
mass spectrum (70 eV) m/e {rel intensity) 2u6(23), 2ub M+(72), 21y
(47), 213(47), 212(100), i86(26), 185(19), 184(76), 183(2u4), 182(3%),
171(9), 169(26}), 1u43(7), 141(18); ir (KBr) 3405, 2958, 1655, 1600,
1560, 1445 k among others.

A sample of the phenolic ester was treated with an excess of
ethereal diazomethane. After 24 hr the solvent was evaporated, and
the solid sample, (gﬂ) mp 52-59°, was dissolved in deutercchlorcform:
nmp (DCClB) T 7.82 (s, 3), 7.78 (s, 3), 6.2¢ (s, 3), 6.23 (s, 3), and
6.14 (s, 3): mass spectrum (70 eV) m/e (rel intensity) 260(20),

258 M+(59), 223(45), 228(31), 227(100), 226(51), 183(26); ir (film)
2950, 2860, 1735, 1580, 1560, 1450 k among others; glpec (1/8 in. x
12 ft., 3% OV-17), Rt 11.0 min, ct 160-260°, lpr 1Q° min—l, nfr 70%
at 80 psig.

Preparation of 3,5-dimethoxytoluene 38. One mole (23 g) of

freshly cut sodium was slowly added to a solution of 3,5-dihydroxy-
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toluene (52.1 g, 0.365 mele) In 300 ml of methanol. The dark colored
solution was boiled under reflux while a slow stream of nitrogen was
passed through the reaction vessel. The solution was then stirred
under reflux while dimethyl sulfate (10C g, 0.79 mole) was added. The
colorless reaction mixture was slightly acidic to pH paper. Upon

the addition of 15 ml of 30 per cent sodium hydroxide solution, the
reaction mixture became dark colored and more dimethyl sulfate (50 g,
0.40 mole) was added. This alternate addition of dimethyl sulfate

and sedium hydroxide solution was continued until a total of 200 g
(1.80 mole) of dimethyl sulfate was added. The sclution was made
strongly basic with sodium hydroxide solution and was then extracted
with four 200 ml portions of ether. The ether extracts were combined
and washed with 100 ml of 15 per cent sodium hydroxide and 100 ml of
water. After the solution was dried, the ether was removed by distil-
lation. The residue was distilled i» vacuo and the fraction boiling at

95-980 (6 mm) [1it.2

bp 110-112° (17 mm)] was collected to yield 43,18

g (0.284 mole, 78%) of 38: nmr (neat) T 7.80 (s, 3), 6.45 (s, 6), and
3.70 (s, 3); massspectrum (70 eV) m/e (rel intensity) 152 M+(100),
123(78), 122(22), 121(28), 109(78), and 108(25); glpc (1/8 in. x 12 ft.,

3% 0V-17), R_ 5.4 min, ct 150-230°, lpr 10° min"l, nfr 70% at 80 psig.

Preparation of 2,6-dimethoxy-p-xylene 39. A solution of 2.25M
n-butyllithium (ea. ¢.56 mole) in 250 ml of n-hexane was slowly added
to 43.18 g (0.284 mole) of 38 dissolved in 150 ml of ether. The mixture
was bolled under reflux for ten hours and then cooled to 0°. A cold

solution of dimethyl sulfate (100 g, 0.803 mole) In 100 ml of anhydrous
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ether was slowly and cautiously added to the stirred reaction mixture.
The mixture was beiled under reflux for 1.5 hr, The reacticn mix-
ture was washed with two 200 ml portions of water, 100 ml of 5 per
cent sodium bicarkbonate solution, and 100 ml of water. The solution
was dried, and the hexane and ether were removed by distillation. The
remaining material was distilled im wvacuo, and the fraction boiling at
80-90° (1.5 mm) was collected to yield 36.14 g of pale yellow liquid.
This material was dissolved in methanol; crystals were deposited upon
cooling to yield 28.82 g (0.174 mole, 61%) of 39: mp 46-48°; nmp
(Decl,) t 7.82 (s, 3), 7.75 (s, 3), 6.42 (s, 6), and 3.75 (s, 2); glpe
(1/8 in. x 12 ft, 3% OV-17), R 4.9 min, ct 160-230°, lpr 10° min"t,
nfr 70% at 80 psig; mass spectrum (70 eV) m/e (rel intensity), 166 '
(100), 151(26), 135(21), 121(18), 105(20), 91(27).

Preparation of 2,6-Dichloro-3,5-dimethoxy-p-xylene Ll. TFive

milligrams of ferric chleride was added to a solution of 3% (20.82 g,
0.125 mole) in 275 ml of benzene. This mixture was cooled to eaq. 10°,
and chlerine was bubbled threugh the cooled solution for 20 min,

The reaction mixture was flushed with nitrogen for 30 min and then
extracted with portions of 10 per cent aqueous sodium bisulfite until
no reaction occurred. The benzene solution was washed with two 50 ml
portions of water. After drying the solution, the solvent was
evaporated to yield a yellow c¢il. This oll was dissolved in a minimum
amount of 95 per cent ethancl and cocled to ea. -50°; crystallization
cccurred. The mixture was warmed to room temperature and the crystals

were collected by filtration. Several crops of crystals were collected
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in the same manner and the combined materizl was air dried to yield
23.73 g (0.10 mole, 80%) of 41: mp 58-61°; mass spectrum (70 eV) m/e
(rel intensity), 238(10), 236(64), 234 M'(100), 221(14), 219(21),

190(45), 188(65), 175(25), 173(86); emd M 234.0224(76) (C14H €10,

234.0213); glpe (1/8 in. x 12 ft., 3% OV-17), R_ 5.2 min, ct 160-
250°, lpr 10° min_l, nfr 65% at 8C psig; nmr (DCClS) T 7.76 (s, 3},
7.52 (s, 3), and 6.22 (s, B):

Preparation of 5-Chlorc-2,4-dimethoxy-3,6-dimethylbenzoic

acid 42. A solution of 41 (12.54 g, 0.053 mole) in 150 ml of
anhydrous ether was added dropwise to a stirred sclution of 100 ml

of n~-butyllithium {(eaq. 0.225 moles) in n-hexane and 100 ml of
anhydrous ether. The solution was boiled under reflux for one hour
and then cocled to ea. 0°. Carbon dioxide, dried over 3 % molecular
sieves, was passed over the surface of the solution, with rapid stir-
ring, for a period of four hours. The solution was diluted with 100

ml of water and acidified to ca. pH 3 using hydrochleric acid. The

acidic solution was extracted with two 200 ml portions of ether. The
ether extracts were combined and extracted with three 100 ml portions
of 5 per cent sodium bicarbonate sclution. The aqueous bicarbonate
solutions were combined, acidified to pH 3, and extracted with two 100
ml portions of ether. After drying the solution, the ether was
evaporated to yield 12.35 g of a yellow oil. The oil crystallized
upon standing and was recrystallized from isopropyl ether-high boiling
petroleum ether {ea. 1:10). Several crops of the pale yellow crystals

were collected to yield 8.10 g (0.033 mole, 62%) of 42: mp 86-88°;



56

nmr (DCClS) T 7.71 (s, 3), 7.54 (s, 3), 6.13 (5, 6), and -0.023 (s, 1)
mass spectrum (70 eV) m/e (rel intensity), 2u6(33), 2uL M+(100),
228(15), 228(35), 227(35), 226(8%9), 185(8), 183(26).

Preparation of Methyl 5-chlore-2,4-dimethoxy 3,6-dimethyl-

benzoate 36, One gram (0.0041 mole) of 42 was dissolved in ten
milliliters of ether. An excess of ethereal diazomethane was added

to this mluticon. The yellow solution was allowed to stand for eight
hours. The ether was evaporated to yield 982 mg (3.8 mmole, 93%)

of 36: mp 54-58,5°; mmr (DCClB) Tt 7.78 (s, 3), 7.71 (s, 3), 6.26 (s, 3),
6.21 (s, 3), and 6.10 (s, 3); mass spectrum (70 eV) m/e (rel intensity)
260(20), 258 M+(60), 229(36), 228(33), 227(100), 226(51), 180(26); ir
(film) 2980, 2930, 2840, 1730, 1590, 1565 cm_l among others; glpc

(1/8 in. x 12 £t, 3% 0V-17), R, 11.0 min, ct 160-260°, lpr 10° minT,
nfr 70% at 80 psig.

Synthesis of 3-Chloro-2,5-dimethyl~-6-hydroxy-p-benzoquinone 5§J12

Boron triflueride etherate (3 ml) was added to a solution of 2,5-
dimethyl-p~benzogquincne (10 g, 0.074% mole) in 60 ml of distilled acetic
anhydride, and the solution was allowed to stand at room temperature
for five hours. The solution was then cosaled to 09, and 600 ml of
distilled water was added. The crystalline precipitate that formed

was collected and washed thoroughly with water to yield 16 g of crude
damp material. The crude material was recrystallized from methancl-
water (eq. 4:1) to yield 12.06 g (0.0431 mole, 58%) of 1,4~dimethyl-

53
2,3,5-triacetoxybenzene: mp 107.5-109.5° [1it. mp 105-107°1].
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Three grams (0,011 mole) of 1,4-dimethyl-2,3,5-triacetoxybenzene
was dissolved in 50 ml of 95 per cent ethanol, and chlorine was bubbled
through the solution for 1.5 hr. The sclution was flushed with
nitrogen for 30 min; then the solution was reduced iIn volume to ten
milliliters. The chlorinated product was vigorously shaken with three
50 ml pertions of 2N sodium hydroxide solution, The hasic fraction
was acidified with 4¥ hydrochleric acid and extracted with three 50
ml portions of ether. The ether solution was extracted with three
50 ml portions of saturated sodium bicarbonate solution, and the
scdium bicarbonate layer was acidified with 4N hydrochleric acid.

The acidic layer was extracted with three 50 ml portions of ether;
the ether was dried and evaporated to give a dark brown oil. This
0il was chromatographed over a silica acid column (1 c¢m x 10 cm) by
eluting with high boiling petroleum ether-chloroform (4:1). The
first fraction to be eluted from the column was evaporated tc dryness
and crystallized from high boiling petroleum ether to yield 201 mg
(1.08 mmole, 10%) of orange crystals: mp 126-128°; mmp with 35 126-
12893 mass spectrum (70 eV) m/e (rel intensity) 188(39), 186 M'(100),
160(17), 158(50), 130(20), 123(60), 103(33), 95(89), 83(68). The R
values of 35 and 3-chloro-2,5-dimethyl-6-hydroxy-p-benzoquinone were
identical by tlc in four different solvent systems,

Preparation of Methyl 0,0'-dimethylvicanicate 50. Methyl-0-

methylvicanicate (78 mg, 0.18 mmoles) was dissolved in five milliliters
of methanol and five milliliters of ether. This solution was treated

with an excess of ethereal diazomethane and was allowed to stand at room
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temperature for 48 hr. The solvent was evaporated to yield a color-
less oil that crystallized from methanol-ether {(ea. 3:1) to yield B4
mg (0.146 mmele, B1%) of 50: mp soften 86° melt 9L -97¢@ [lit.16 mp
§97-98°7; mass spectrum (70 eV) m/e (rel intensity), 4u4(71), 4u43(25),
yy2 M+(100), 217(12), 215(36); nmr (DCClS) T 7.82, 7,80, 7.77, 7.73
(unresolved singlets, 12), 6.67 (s, 3), 6.53 (s, 3}, 6.23 (s, 3), and
6.20 (s, 3).

Oxidation of Methyl O,0'-dimethylvicanicate 50. A sample of

50 (20 mg, 0.045 mmoles) was dissolved in two milliliters of distilled
glacial acetic acid and treated for with 0.25 ml of concentrated nitriec
acid. After 15 min, 1% ml of water was added and the acidic solution
was extracted with five five milliliter portion of ether. The combined
ether extracts were extracted with five two milliliter portions of 5
per cent sodium bicarbonate solution and five two milliliters portions
of 10 per cent sodium hydroxide solution. Both the bicarbonate and
sodium hydroxide extracts were acidified with concentrated hydrochlorie
acid,and the acidic sclutions were extracted with ether. Evaporation
of the ether extracts from both solutions showed no material.

The original ether extracts were dried and evaporated to yield

17 mg (0.039 mmole, 85%) of 50: mp 94-96° [lit.16 mp 97-98],
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CHAPTER III

DISCUSSION

The Crystal Structure of Viocidic Acid

The antibictic viomycin is a peptide that yields, upon acid
hydrolysis, the amino acids L-serine, L-o,B-diaminopropionic acid,
L-B-lysine, and viomycidine, as well as small amounts of peptides,
carbon dioxide, ammonia, and urea. One of the components isolated
from the hydrolysate by ion exchange chromatography on Dowex 50(H+)
was purified, converted to the dihydrobromide salt, and crystallized.
The order of elution from the ion exchange column indicated that this
compound was more basic than viomycidine. The nmr spectrum of this
compound was complicated and could not be interpreted. This material
gave positive ninhydrin and Weber tests. Analysis by tlc showed that
viomycidine and DAPA were not produced by acid hydrolysis of this
material. The purpose of this research was to determine the structure
of this compound. Single crystal X-ray diffraction was the method of
cholice since only a small amount of the pure material was available
{ea. 10 mg).

The unit cell dimension of this compound obtained froem X-ray
precession photographs were within experimental error of the dimensions
of the compound viccidic acid (6). Johnson reported the structure of
viocidic acid, from X-ray diffraction studies, to be 6 (rather than

6'); however bond angles and lengths were not reported. The assignment
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of atomic numbers teo the light atoms in § were not explained, and the
mode of formation of 6 from viomycin was not discussed. Hence, a more
exact determination of the structure was desired.

The structure determined for viecidic acid during the course of
thig research by ¥X-ray diffraction techniques was 2,5,8,10-tetraaza-

4,11

9-iminotriecyclo[5.3.1.0 Jundecane-6-carboxylic acid (6). A view of

the viccidic acid cation is shown in Figure 1.

Table 7 lists the bond lengths and bond angles with their
estimated standard deviations. All bond lengths are within two
standard deviations of commonly accepted values. The trend toward
slightly longer bond lengths in the five memhered rings may represent
real values longer than the accepted carbon-carbon bhond length of
1.538 R for ethane. It has been postulated that nenbonded steric

a
repulsion may cause an extension of 0.02 A for highly substituted 5p3

carbon-carben bonds.



Figure 1,

Vieceidice Acid Cation
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Table 7,
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Bond Lengths and Bond Angles in the Viocidic Acid Cation

Bond Length

Bond Angles

Atoms Length(A) Atoms Angle(®)
N(3)-C(4) 1.30(3) N(5)-C{L4}-N(9) 118(2)
C(4)-N(5) 1.33(3) N(3)-C{4)-N(5) 117(2)
N(5)-C(8) 1.47(3) C(4)-N(5)-C(6) 119(2)
cie)-c(7) 1.51(3) N{5}-C(8)-C(17) 104(2)
C(7)-C(8) 1.50(3) N{(5)-Cc(6)-C(7) 119(2)
c(8)-N(g) 1.49(3) c(6)~C(7)-C(8) 113(2)
N{9)-C(u) 1.33(3) N(3)-C{4)-N(9) 123(2)
c(18)-c(10) 1.56(3) C(7)-C(8)-N(9) 114(2)
C{10)-c(11) 1.52(3) C(8)-N(9)-C(4) 121¢2)
C(11)-0(12) 1.30(3) N{(9)}-C(8)-C(10) 110(2)
C(11)-0(13) 1.20(3) C(7)-C(8)-C(10) 106(2)
C(10)-N(14) 1.58(3) C(8)-C(1C)-N{1u) 101(2)
N(14)-C(15) 1.51(3) C(10)-N(14)-C(15) 108(2)
C(15)-C(7) 1.62(3) c(8)~c(10)-c(11) 122(2)
C(15)-c(16) 1.52(3) N(14)-C(10)-C(11) 106(2)
C(16)-N{(17) 1.48(3) C(10)-C(11)-0(12) 108(2)
N(17)-C(8) 1.62(3) C(10)-c{(11)-0(13) 12u(2)
0(13)-C(11)-0(12) 127(2)
N(14)~-C(15)~-C{16) 116(2)
N{14)-C(15)-C(7) 103(2)
C(73-C(15)-C(16) 110(2)
C{15)-c(7)-C(8) 107(2)
Cc{1s5)-c(7)-c(8) 102(2)
C(15)-C(16)-N(17) 104(2)
C(16)-N(17)-C(8) 105(2)
N{17)-C(6)-C(7) 107(2)

Table 8 gives the least-squares plane56

through atoms N(3},

These atoms would be expected te he planar.

o]
All these atoms are within * 0.04 A of the plane. The bond angles

around the central atom [C(4)] are within one standard deviation of

12¢0°.
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Table 8. Least Squares Plane of the Guanidino Cation
in Vioecidic Acid: 0.55082¥X + 0.41941Y +
0.72159Z - 5.u44737 = ¢ °6

Distance from

o]
Atom Plane (A)
N(3) -0.01516
c(y) 0.04035
N(5) -0.01345
N(9) -0.01174

Table 9 gives the least-squares plane through atoms C(10),
o
c{1l), 0(12), and 0(13). All these atoms are within * 0.04 A of the

plane.

Table 9. Least Squares Plane of the Carboxylate Anion
and the a Carbon in Viocidic Acid: 0.81248X +
0.18746Y - 0.55203Z - 5.18595 = 0 26

Distance from

o]
Atom Plane (A)
c(10) -0.01201
c(11) 0.04358
c{12) -0.01290
0(13) -0.01867

The assignment of oxygen atoms was obvious since the geometry
of the atoms C{11), 0(12), and 0(13) suggested a carboxylate anion.
The oxygen atoms of the three water molecules were not within reason-

able bonding distance to any other atoms.
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The assignment of the nitrcgen atoms of the guanidino function
was obvious from the bond lengths and bend angles. The thermal
parameters of an atom thecretically will correct the scattering power
{expressed in electrons) of the atom for the decrease in electron
density due to thermal motion. These thermal parameters alsc correct
the scattering power of an atom assigned an incorrect number of elec-
trons (Z.e. nitrogen assigned as a carbon) by spreading the electrons
over a larger volume {decrease the electron density) or concentrating
the electrons into a small volume {increasing the electron density).
For example, *the thermal parameters of a carbon atom that is assigned
scattering factors for nitrogen will decrease the scattering power of
the nitrogen atom by spreading the electrons over a larger volume
{large thermal parameter). Although these arguments are not rigorous,
they give scme indication as to whether the assignment of the atomic
number 1s correct.

Table 10 is a list of the isotropic thermal parameters for two

cases: (1) all the carbon and nitrogen atoms were assigned scattering
factors of carbon; (2) all the carbon and nitrogen atoms were assigned
scattering factors of nitrogen. In Table 10 two atoms [N(14) and N(17)]
were found in the list for case (2) that have thermal parameters about

the same value as the thermal parameters of known nitrogen atoms N(5)

and N(9). The assignment of these atoms [N{14) and N(17)] as nitrogens
was substantiated by the value of their thermal parameters in case (1).
In this case, atoms N{14) and N(17) have temperature factors consider-

ably smaller than those of known carbon atems. The temperature factor
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for atom N{(3) does not agree as well as the other nitrogen atoms;

however, this may be an indication of the greater freedom this atom

has with respect to other nitrogens in the rings.

Table 10.

Isotropic Thermal Parameters:

All Carbons, All Nitrogens

B B
Atom (A1l Nitrogen) {(A11 Carbon)
N{3) 2.496 1.580
C(u) 2.953 1.765
N{5) 1.746 0.748
c(6) L. 4hE 2.388
cen 2.951 1.5186
c(8) 3.293 1.916
N(9) 1.132 0.240
c(10) 2.968 1.478
c(11) 3.907 2.704
N(14) 1.3986 0.775
C(15) 2.685 1,475
C(16) 3.378 1.919
N(17) 1.081 ©0.408

The absolute configuration of viocidic acid was determined by

Hamilton's significance test to be that of 6.

The structure determined

for vioccidic acid in the course of this research was identical with the

structure proposed by Johnson, et al.

However, the data were refined

to an R, value lower than that reported by Johnsen (0.090 vws. 0.121).

1

One of the peptides formed by partlal acid hydrolysis of viomycin

was the diaminopreopicnylvicmycidine precursor 22357 Tt may be reasonable

to assume that this peptide is the precursor of viccidic acid 6.



66

H i H .
HO N \rNH N N \f NH,
b ClgND, L
—_—
12 CO_H
HoM W C ?
co,
0
Col6Ne0y Cgti350,
23 c

A mechanism that appears reasonable for this conversion, when the
extremely low yields are considered, is shown in Scheme I.58

Compound 23 could readily lose water under the strongly
acidic conditions to give A. The enamine A could then attack
the protonated amide carbonyl group of the diaminopropionyl residue to
yield intermediate B. Intermediate B could then undergoc a retro Man-
nich reaction; loss of H2§ = CH2 and water would yield intermediate C.
Intermediate C could either undergo a proton shift to yield D,and D
could be reductively cyclized to viocidic acid £ or intermediate C
could he reduced to intermediate E and then undergo cyclization to
viocidic acid 6. The appropriate compound could be reduced by formalde-
hyde, ammonia or other reducing agents in the hydrolysis medium. When
considering this mechanism one should realize that the product is
isolated in less than 0.5 per cent yield.6 There is also the possi-

bility that vieccidic acid results from hydrolysis of a minor compenent

. . . . B
present in commercial viomycin.
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The Structure of 2-(2,3-Dichloro-2-
Pyrrolin-1-yl)-1-pyrroline (24)

The precduct reported for the reaction of 2-pyrrolidincne with
hydrogen chloride and phosphorous pentachloride followed by treatment
with base was 2—chloro—Al—pyrroline (8). Preliminary investigations
of the spectroscopic properties indicated the prcposed structure was
incorrect. The purpose of this research was to determine the structure
of the preduct (24) and tc investigate the chemistry of this product.

The compound gi_was prepared as described by Tafel and Wassmuth,
but was purified by sublimation to yield colorless crystals (mp 50-51°),.
The mass spectrum of 24 showed a molecular ion at m/e 204.023, which
indicated the molecular formula CBHlONQClQ' This formula also satisfied
the elemental analyses. The nmr spectrum of 24 at 60 MHz and spin
decoupling experiments at 100 MHz indicated that the structure for 24

contained -CH CHQ— and -CH CHQCHQ— groups.

2 2

The compound was easily oxidized by neutral potassium permangan-
ate, and did not contain a labile chlorine since no precipitate was
formed when the compound was treated with acidic silver nitrate solution.
The compound was unstable; the colorless crystals became dark brown
after 12 hr at room temperature, A solution of 24 in carbon tetra-
chloride began to precipitate a brown oil in cne hour at room tempera-
ture.

Since the spectroscopic data and preliminary chemical investiga-
tions were not definitive, the technique of single crystal X-ray
diffraction was considered as a possible approach to the problem.

Several attempts were made to enclose the crystals of 24 in glass
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capillaries, but the rapid decomposition and high vapor pressure of the
compound at reom temperature prevented data from being collected using
these crystals.

Compound 24 was found to be a base that readily formed stable
mineral acid salts. The hydrobreomide salt (gg) of 24 was prepared by
passing dry hydrogen bromide through a solutlon of 24 in ether. The
precipitate was crystallized from acetone-water to yield well formed
crystalline needles. Weissenberg film data were collected from one
of these crystals, but all attempts to refine the data failed. These
erystals were suspected of being twinned., In addition, a slow loss of
crystallinity was attributed to the loss of solvent of crystallizaticon.
After trying numerous solvent systems for crystallization of 25, the
system found sultable was slow cooling of a saturated aqueous sclution
of 25. This yielded colorless crystalline needles that were shown to
be twinned by preliminary precession photographs. However, by allowing
the aqueous solution of 25 to cool slowly to form small erystals, and
then allowing the solvent to slowly evaporate, large crystals (eca.
8xL4x1 mm} were formed. By proper cutting, & single crystal of appro-
priate size was fashioned, and precession photographs showed this
crystal to be suitable for data collection.

The structure determined for 25 by X-ray diffraction techniques
was (E)-2,3-Dichloro-1-(2-pyrrolidinylidene)-2-pyrrolinium bromide.59

Perspective views of 25 are shown in Fig. 2 and Fig. 3.



Figure 2. Perspective View of 25

0L



Figure 3. Planar View of 25

TL



Table 11 lists the final anisotropic thermal parameters.
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These

parameters are represented by the elipisoids of 50 per cent probability

in Figure 2.

Table 11. Final Anisotropic Thermal Parameters for 25

Atom 8, Boo B33 B1o B3 Boa
Br{1l) 0.0260(7) 0.0017(1) 0.0184(6) 0.0006(2) 0.0156(5) 0.0003(2)
C1(2) 0.0249(17) 0.0018(3) 0.0116(16) -0.C006(5) 0.0107(13) -0.0009(4)
C1(3) 0.0251(19) 0,0015{(3) 0.0235(20) 0.0013(5) 0.0135(15) ©0.0020(5)
c{4) 0.0u2(10) 0.001(1) 0©.020(8) 0.002(2) 0.022(7) 0.000(2)
N(5) ©.015(6) 0.002(1) 0.013(5) 0.000(2) 0.010¢{u4) 0.000(2)
N{6) 0.017(5) 0.001(1) 0.014(5) 0.001(1) 0.011(%) 0.001(1)
C(7) 0.027(7) 0.001(1) 0.016(6) 0.001(2) 0.016(8) -0.001(2)
0(8) 0.033(5) 0.002(1) 0.015(4)  -0.002(1) 0.018(4) -0.001(1)
c(9) 0.0116(6) 0.001(1} 0.013(6) 0.000(2) ©.007(5) 0.001(2)
C(10) 0.035(8) 0.000(1) 0.025(8) £.000(2) 0.022(7) 0.000(1)
C(11) 0.0291(7) ©.001(1) 0.017(7) £.002(2) ©.015(86) 0.000(2)
C(12) 0.030(8) 0.001(1) 0.027(8) £.000(2} ©.019(7) -0.002(2)
0(13) ¢.030(5) 0.001{1) 0.019{5) -0.001(1) 0.014{4) 0.¢00(1)
C(14) 0.022(7) 0.001(1) 0.017(7) -0.001(2) 0.012(5) -0.001(2)
C(15) 0.022(7) 0.001(1) 0.007(5) -0.000(2) 0.008(5) -0.001(2)

Table 12 lists the bond lengths and bond angles with their estimated

standard deviations.

ticons of commonly accepted values.

All bond lengths are within two standard devia-

Some of the bond lengths in the

five-membered rings are slightly longer than normal values for C-C

bondsg, but these distances are consistent with the slightly longer bend

distances typically found in strained five-membered rings.



Table 12.

Final Bond Lengths and Band Angles for 25
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Bond Lengths

Bond Angles

[+]
Atom Length(A) Atoms Angle(®)
C1(2)-c(15) 1.81(3) CL(2)-Cc{15)~C({1L) 124(2)
C1(3)-c(14) 1.83(3) CL{2)-C(15)-N(5) 121(2)
C{u)-N(5) 1.55(3) CL{3)-Cc{14)-C(11)y 127(2)
N(4)-C(11)  1.5B(3) C1(3)-C(1L)-Cc(15) 124(2;
N(5)-C(15) 1.50(3) C(15)-C{14)-C(11) 109(2)
N(5)-C(9) 1.28(3) C{14)-C(15)-N(5) 113(2)
c{11)-c{14) 1.e0(4) c{luw)-c(11)-c(u)y  1058(2)
C{14)-C(15) 1.24(3) C(11)-Cc(u)-N(5) 102(2)
C{9)-N(8) 1.49(3) C(u)-N(5)-C(15) 107(2)
N(BY-C(12)  1.43(3) c{15)-N(5)~C(9) 135(2)
c(12)-c(10) 1.50(4) C{u)-N(5)-c(9) 117(2)
c(r0)-c(7) 1.50(3) N(5)-C(9)-C(7) 121(2)
c(7)-c(9) 1.57(3) N(5)Y-C(3)-N(6) 125(2)
N{7)-C{3)-N(6) 112(2)
C(9)-N(B)-C(12) 115(2)
N(6)-C(12)-C(10) 101(2)
c{12)-c{10)-c(7) 111(2)
C{10)-c(7)-c{(9) 101(2)

The molecule is nearly planar; atom C(10) is puckered slightly.

Table 13 gives the least-squares plane through all the atoms in the

molecule except C(10).

[a]
squares plane except C(10), which is 0.31 A below the plane.

o]
All the atoms are within 0.06 A of the least-

The atoms N(5) and N(6) were assigned as nitrogen atoms on the

basis of bond lengths and the magnitude of their isctropic thermal

parameters.
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Table 13. Least Squares Plane of 25 Except C(10)
0.77668X + 0.58855Y + 0.22180%7 -
9,76745 = 0 56
Q
Atom Distance from Plane A
C1(2) 0.006
C1(3) 0.036
C(y) 0.050
N(5) -0.020
N(B) 0.020
c(7) -0, 040
c({9) -0.060
C(10) -0.310
c(1L) -0.064
c(12) 0.043
Cl1u4) -0.016
C{15) 0.04Y

Table 14 gives the isotropic thermal parameters for two cases: (1) all
atoms listed were assigned the scattering power of nitrogen, and (2)

all atoms listed were assigned the scattering power of carbon. Atoms
N(5) and N(6) have thermal parameters that suggest the assignment as

*.

nitrogen atoms.  This assignment is confirmed by noting the bond
length N(8)-C(3) is 1.49(3) Z, which agrees well with the accepted
value of 1.48 i. The bond C(9)~C(7) 1s 1.57(3) 3, which is more in
agreement with the accepted C-C length of 1,539 K. The bond C(9)-N(5)
is 1.28(3), which is indicative of a C=N double bond.

The structure of 24 can be deduced from that of 25 since 25 is

a protonated form of 24. The protonation of 24 could yield two isomers

“This thesis, p 64.



in equilibrium, 25 and 26.

Table 1k,

Isotropic Thermal Parameters:

All Carbons, All Nitrogens

Atom B (All Nitrogen) B (All Carbon)
c{w) 6.24 3.53
N(3) 3.63 1.13
N(6) 1.18 ~-1.93
c(?) 4,90 1.70
c(9) 6.31 2.82
c{10) 6.43 2.46
c{1l) 8,12 2.87
c(12) 7.51 4,62
cl1w) 5.79 2.51
Cc(15) 7.34 3.47

gest two isomers in approximately a 1:2 ratio. Apparently structure

N H
O/ e 2

Cl

H
N
+
N A cl
o5 CL

(—)4
N
N # 1
H
cl

26
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The 100 MHz nmr spectrum of 24 in TFA sug-
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25 crystallizes more readily than 26 since the X-ray data did not indi-
cate any disorder resulting from a mixture of 25 and 26.

A possible mechanism for the formation of 24 is shown in Scheme
2. The strongly acidic conditicns under which 24 Is formed could
protcnate 2-pyrolidinone {A) to give B,which could be attached by un-
protonated 2-pyrrolidinone to yield intermediate C. Intermediate C
could be dehydrated to yield D, which could enclize to give intermedi-
ate E. Chlorine present in the reaction mixture cculd chlorinate the
enol E to give intermediate F, which could be dehydrated to yield 25.
The salt 25 when treated with strong base would yield 24.

The yield of 24 from the preparation described by Wassmuth and
Taffelll is variable and low (eaq. 5-20 per cent). However, when the
treatment with base is omitted and the phosphate salt of 25 Is isolated
directly the yield (of 25) is ea. 50 per cent.

According to a review of g-chlorcenamines by Viehe, et al.,
a~chloroenamines without stabilizing electronegative A-substituents
such as fluorine, chlorine, or carbenyl are hardly known.SO However,
Viehe and Buyle have prepared numerous a-chloro-g-chlorocarbonyl-
enamines by treating ¥,N-substituted amides with phosgene in ether.6l
For example, when N-methylpyrrolidinone was treated with phosgene a
26 per cent yield of N—methyl-Q—chloro—3—chlorocarbonyl—AQ—pyrroline
was obtained.

Wolf and Block62 reported the preparation of a,B-dichloro-~
enamines by reacting dichloroacetylene with secondary amines.

Speziale and Preeman63 have prepared several N,N-dialkyl-l,2,2-tri-
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chlorovinylamines by treating the appropriate N,N-dialkyl-2,2,2-
trichlorcacetamides with triethyl phosphite. However, structure 24
appears to be the only example of a stable cyclic o,B-dichloro-
enamine.

The nmr spectrum of 24 is interpreted as shown below.

N

C1

A L

A .10 my, 2. A collapses to a t, J = 8 Hz when irradiated at D,
t, J = 7 Hz when irradiated at C.

B 7.30 t, 2, J = 9 Hz, B collapses to a s when irradiated at E.

C 7.10 t, 2, J = 8 Hz.

D 6.u5 T, 2, J = 7 Hz.

E 6.00 t, 2, J = 9 Hz.

The Structure of Vicanicin

. . . . . 13 .
Fxamination of the lichens Teloschistes flavicans, Teloschistes
. 14 . . . . 22
Flavicans Norm., and Teloschistes flavicans v. minor (rombie” " by
several workers resulted in the isolaticn, among variocus anthrogquinones,

a coclorless substance that showed mp 240-245°, Seshadri, et al. reported
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a structure (EE) for the colorless substance they named vicanicin in
1962.16 Vicanicin was characterized as a depsidcne that contained two
chlorine atoms, one U-methyl group, three C-methyl groups, and one
hydroxyl substituent. However, later investigaticns of the spectro-
scopic properties of vicanicin indicated that it contained one addi-
tional ¢-methyl group. The structure of vicanicin was reassigned as
21 based on the assumption that the structure proposed by Seshadri was
correct in all respects except the substitution of a methyl group at
the only unsubstituted positicn (C-6). 1In 1968, Baillie reviewed the
degradation of vicanicin and showed that although vicanicin was a

depsidone, the structure reported was incorrect. Baillie, et a2.26

CH ¥ C °
H CH
3 0 3 CHy . 3
OCH, cl OCH,
0 0
HC
: H 506}
€1 cH, & cn, s

19
19 0 21
CH3 0 CH3

cl OCH

HO cl

proposed a structure (22) for vicanicin based on biogenetic arguments

and analogies with known depsidones.
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Several features of the structure propcsed by Baillie were not
rigorously proved and required further investigation: (1) The pesition
of the hydroxyl group was assumed to be in the A ring; (2) the methyl
group at C-1 was the only substituent assigned with certainty in the A
ring; (3) the substituents at C-6 and C-7 could be iInterchanged.

An attempt was made to resolve these ambiguities by single
crystal X-ray diffracticn. Although the proposed structures for
vicanicin all contained two chlorine atoms, it was desirable to intrc-
duce a heavier atom so that a classical heavy atom apprcach to the phase
problem could be pursued. Preparation of bromoacetyivicanicin was
accomplished, but crystals suitable for data cocllection were not
obtained. Baillie had previously prepared iodoacetylvicanicin;12
crystals of this material were twinned. Since a suitable crystalline
derivative was not cobtained, classical chemical degradative techniques
were employed.

The hydroxyl group was shown to be in the A ring by converting
vicanicin to O-ethylvicanicin (26) using ethereal diazoethane. The
O-ethylvicanicin obtained (mp 185-186.5°) agreed with the reported
melting point (185—186016), and the nmr spectrum was satisfactory for
an ¢g-ethyl group (r 8.57, t, 3H, J = 7 Hz, 6.00, q, 2, J = 7 Hz).

The spectrum also contained singlet abscrptions at v 7.70 (3H),

7.56 (3H), and 7.51 (6H) for the {-methyl groups and an absorption at
T 6.25 (3H) for the Q-methyl group. The ¢-ethylvicanicin was then
converted to methyl O-ethylvicanicate (27) by treatment with sodium

and methanol. This crude material was then dissolved in acetlic acid
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and oxidized with nitric acid according to the method of Seshadri.l6

The phenclic ester (28) that was isolated from the reaction mixture
showed absorpticons in the nmr spectrum consistent with an O-ethyl
group (1t 8.55, t, 3, J = 7 Hz, 5.98, g, 2H, ¢ = 7 Hz). This indicated
that the free hydroxyl group in vicanicin is in the & ring. This
sequence of reactions is summarized in Scheme 3. The nmr spectrum of
28 also showed singlet absorptions at t 7.8C (3H) and 7.40 (3H) for
the C-methyl groups. The deshielded methyl group absorption at Tt 7.40
indicates that this group is probably ortho to the carboxymethyl func-
tion.EIJr Singlet absorptions at T 6.02 (3H) and 5.98 (3H) correspond to
the methoxyl group and the methyl ester group. The phenclic proton
showed absorpticn at v -1.30 (1H). The phenclic ester 28 was further
characterized by the mass spectrum, which showed a molecular ion at

as

m/e 258 (60%) (calcd for C12H15 Clou: m/e ?58) and an m+2 ion at m/e

o 37 .
260 (20%) (calecd for ClQHlS ClOu. m/e 260).

The assignments of the chlorine atom at position 2, the
methoxyl group at position 3, and the remaining methyl group at pesi-
tion 4 in 22 are tenable and were suggested by analogy to the structure

of Pannarin§5 (30).

CH
Cl CH

CH,O CHO
CH OH
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The structure proposed for the A ring by Baillie was proved by
repeating the degradation sequence used by Seshadril6 and comparing
the O-methyl derivative of the ester formed with synthetlic material.

A sample of O-methylvicanicin (31) prepared by Balthis23 was treated
with sodium and methanol, which converted it to methyl O-methylvicani-
cate (32). The sample of 32 was oxidized with nitric acid using the
method of Seshadri,16 and the phernolic ester (33) that was isolated
(mp 77-78°) from the reaction mixture agreed in melting point with

that reported (77—78016

}. The nmr spectrum of 33 showed singlet
C-methyl group absorptions at t 7.85 {(3H) and 7.4l (3H)., The singlet
absorptions at t 6.18 (3H) and 6.04 (3H) were assigned to the methoxyl
and methyl ester groups; the phenolic hydroxyl group absorped at
T -1.40 (1H). The mass spectrum showed a molecular ion at m/e 2ul
(72%) (calcd for C11H13Clou: m/e 244). The ir spectrum showed absorp-
tions at 3405 (intramclecularly hydrcgen bonded 0-H stretch}, 1660
(hydrogen bonded aryl ester) and 1800, 1560, and 1uu45 k (aryl C-C
stretch}.

The sample of 33 was treated with ethereal diazomethane, and
the solvent was allowed to evaporate to yield a semicrystalline mate-
rial (gﬂ) mp 55-59°. The nmr spectrum of 34 showed absorptions for
C-methyl groups at T 7.82 (3H) and 7.78 (3H). The abscrptions at
T 6.28 {3H), 6.23 (3H), and &.1u (3H)lwere assigned to the two methoxyl
groups and the methyl ester group. The mass spectrum showed a molecular
ion at m/e 258 (59%) (calecd for C..H c104: m/e 258). The ir spectrum

12715
showed absorptions at 1735 (aryl ester) and 1590, 1560, and 1450 k
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(aryl C-C stretch). This degradation sequence is summarized in Scheme
L, The sample 34 was shown to be identical with methyl 5-chloro-2,u4-
dimethoxry-3,6-dimethylbenzcate (EE) that was synthesized by the unam-
biguous route shown in Scheme 5.

From commercial orcinol (37), 3,5-dimethoxytoluene (38) was
prepared by methylating 37 using dimethyl sulfate. The 3,5-dimethoxy-
toluene was converted to 3,5-dimethoxy-p-xylene (38) by treating 38
with n=butyllithium and methylating the lithium addition compound with
a dilute soclution of dimethyl sulfate in ether.66 Compound 39 was also
prepared by the reduction of 2,6-dimethoxy-4-methylbenzaldehyde (59),
which was prepared by treating 38 with n-butyllithium then N-methyl-
formanilide.67 The nmr spectrum of 39 showed C-methyl absorptions at
1 7.82 (3H) and 7.75 (3H). The O-methyl absorptions were at 1 6.42
(6H) and the aromatic protons abserped at 3.75 (2H). The mass spectrum
confirmed the formula ClOHluOQ {caled m/e 166: obsd m/fe 166).

The sample of 38 was chlorinated in benzene solution using
ferric chloride as the catalyst. The formula clOHl2C1202 was Indicated
by the exact mass of the molecular ion (caled m/e 234.0213: obsd m/e
234.,022%)., The nmr spectrum contained absorptions for the {-methyl
groups at t 7.76 (3H) and 7.52 (3H) and the equivalent O-methyl groups
at T 6.22 (8H). This confirmed the structure as 2,6-dichloro-3,5-
dimethoxy-p-xylene (41).

Compound 4] was converted to 5-chloro-2,4-dimethoxy-3,6-dimethyl-
benzoic acid (42) by treating it with n-butyllithium and reacting this

. . . . £8
mixture with dry carbon dioxide gas. The mass spectrum of 42 showed a
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molecular ion at m/e 244 (100%) (calcd for 611H13C104’ m/e 2uu). The
nmr spectrum showed singlet absorptions at v 7.71 (3H) and 7.54% (3H)

for the {-methyl groups, t 6.13 (BH) for the O-methyl groups, and

7 -0.03 (1H) for the carboxylic acid proton.

The benzoic acid 42 was converted to methyl S-chloro-2,4-
dimethoxy-3,6-dimethylbenzoate (36) by treatment with ethereal diazo-
methane. The nmr spectrum of 36 was identical with the nmr spectrum
of 34. The mass spectrum, ir spectrum, and gas chromatogram of 36
were identical with those of 34.

Thus the A ring is identical with the A ring in structure 22
proposed by Baillie.26 The structure of the B ring was suggested by
proving the structure of the quinone (35) obtained when methyl O-methyl
or O-ethylvicanicate was oxidized with nitric acid. The quinone is
obtained from the reaction medium by extraction with sodium bicarbonate
sclution. An exact mass determination of the molecular ion {(m/e
186.0051) indicated the formula C8H7C103 (calcd m/e 186.0083). The
structure of this quinone was shown to be 3-chloro-2,5-dimethyl-6-
hydroxy-p-benzoquinone (53)12 by comparison with a synthetic sample.

A sample of 2,5-dimethyl-p-benzoquinone (i&) treated with
acetic anhydride and borcn trifluoride etherate53 yvielded 1,4,-dimethyl-
2,3,5-triacetoxybenzene (45). A sample of 45 was chlorinated to yield
46. The chlorinated product was hydrolyzed using sodium hydroxide_
sclution. The quinone 43 isolated from the hydrolysate showed an

undepressed mixture melting point of 126-127° with 35. The mass

spectrum and thin layer chromatograms of 43 were identical with those
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of 35. The structure of the guinone 35 was thus shown to be 3-chioro-
2,5-dimethyl-6-hydroxy-p-benzoquinone. The synthetic sequence is out-

lined in Scheme 6.

Scheme 6 ]
I
0
(CHSCO)QO OCCH3 5
CH BF ,*Et_0 T
3 372 CHy ocCH,
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The structure of the quinone 35 and the phenclic ester 36 sug-
gests two possible structures for vicanicin, 47 and 48 as shown in
Scheme 7. Structure 48 is proposed as the structure of vicanicin on
the following basis. The oxidation and hydrolysis of 32 in acidic
solution is believed to proceed by initial oxidation of the B ring to

a p-benzoquinone and then hydrolysis of the phenyl ether. Structure
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47, however, would not allow initial oxidation and then hydrolysis
since the B ring in Y48 cannot be oxidized to a p-benzoquinone. This
argument is substantiated by the fact that wethyl 0,0'-dimethylvicani-
cate (50), when treated under the oxidative conditions of Seshadri,16
is recovered almost quantitatively. If the oxidation of the B ring
were not the initial step, one would expect hydrolysis of the phenyl
ether in 50 and isolation of the phenolic ester from the A ring (gg).

Therefore structure 48 is proposed as the correct structure of

vicanicin.
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CHAPTER 1V
RECOMMENDATIONS

The compound 2-(2,3-dichloro-2-pyrrolin-l-yl)-l-pyrroline (24)
was reacted with bromine in both carbon tetrachloride and chloroform
solutions. The mixture of products obtained, in variable yield, should
be fully characterized and the reaction conditions optimized for repro-
ducible results. Compound 24 was also treated with a solution of
iodine in carbon tetrachloride, and a product was obtained that showed
a virtually identical mass spectrum with that of 24 but a different
melting point. The yield of this compound was low and not reproducible,
This reaction should be fully investigated. It would be interesting
to subject & valerolactam to the same conditions that 2-pyrrolidincne
yielded compound 24.

If there exists some doubt as to the correct structure of
vicanicin this problem could be resclved by the synthesis of O-methyl-
vicanicin (31). This synthesis could begin by conversion of the
methoxyl group ortho tc the carbenyl group to a hydroxyl group in L2.
This could be accomplished by the use of aluminum chloride in nitro-
benzene soluticn, which has been shown to convert methoxyl groups ortho
or peri to a carbonyl group to hydroxyl groups selectively.69 The
phenclic acid obtained could then be esterified with 3-chlore-2,5-
dimethyl-U4-methoxyphenol by using DCC7O ar TFAA.71 The next step

would be formation of the phenyl ether by treating the ester with
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72 This method of oxi-

manganese dioxide in chloroform under reflux.
dative ccupling of phencls was used by Brown, et al. during the
synthesis of diplocin,

The B ring phenol could be synthesized by analogy to the
synthesis of compound 42 but starting with 2,5-dimethyl-p-benzoquinone.
The 4-chlero-2,5-dimethoxy-~3,6-dimethylbenzoic acid cbtained could be
selectively demethylated orthe to the carbonyl by aluminum chloride in
nitrobenzene. The required phenol could be obtained by decarboxylation
of the copper salt of the Lenzoic acid.73 This synthesis could be

modified slightly and the O-methyl ether of 47 could alsc be synthe-

sized,



APPENDIX

DATA PROCESSING AND SCALING PROGRAM

83



OO OO0 0000O00O000000000C00CCO0O0n0
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PROGRAM TO CCRRECT DIFFRACTOMETER DATA FOR BACKGROUND, CALC STANDARD
DEVIATIONS, AND INCLUDES OPTIONS TCO SCALE DATA ACCORDING TO STANDARD
REFLECTIONS, FROGRAM WILL AVERAGE REFLECTIONS COLLECTED MORE THAN
ONCE. CONTROL CARDS ARE AS FOLLOWS#®
FIRST CONTROL CARD® FCRMAT 12I3 THIS IS THE OPTION CARD
SECOND " '* & FORMAT 6I6 THE LOWER AND UPPER LIMITS OF THE
H,K,L INDICES
THIRD CONTROL CARD®* FORMAT 4F10.5,I2 TST, THE TOTAL SCAN TIME,
SBT, THE SINGLE BACKCR. TIME, P IGNCRANCE
FACTOR, $C, THE FACTOR WHICH SIGCT MUST BE LESS
THAN TO BE ABOVE BACKGR. NUMSTD, TEE NUMBER OF
STD. REFLECTIQONS IN EACH SET
DATA CARDS MASTER CARDS FROM THE DIFFEACTCMETER (1 IN COLUMN 1)
WILL BE IGNORED. DATA MUST HAVE ZERO OR BLANK IN COLUMN
1, STANDARD REFLECTIONS MUST HAVE A 5 IN CCLUMN 1. DATA
DECK MUST BEGIN AND END WITH STD.REFLECTICN CARD(S).
LAST CARD TN DECK MUST HAVE 9 IN COLUMN 1.
FROGRAM INCLUDES SUBROUTINES SYMM AND CHECK. SYMM IS FOR AVERAGING
SYMMETRY RELATED REFLECTTONS. CHECX ALLOWS ONE TO TRY DIFFERENT VALUES
OF P AND SC WITHOUT ANY CUTPUT. IF CHECK IS USED THE FOLLOWING
CCNTRCI, CARDS MUST FOLLOW THE DATA DECK IF READING DATA FROM CARDS
OTHERWISE FCLLOWS THE THIRD CONTROL CARD.
FOURTH CONTROL CARD* FORMAT I3  KYCLE THE NUMBER OF SETS OF P AND
SC THAT ARE TO FOLLOW
ALL REMAINING CCNTROL CARDS® FORMAT 2F8.5 VALUES FCR P AND SC
INTEGER C,PU,PR,CR
REAL IW
DIMENSION SCI(15,15,15),TIME(15,15,15),5CALE(15,15,15)
DIMENSICN AVG(200),STD(200),5G(100),COSET(100),SUM(100)
IMPLICIT INTEGER(H,M,N)
CR=5
PU=1
PR=p
READ{CR,100) IECARD,ISYMM,ICHECK,IRTAPE,IUCARD,TPERM,J1,J2,03,J4,1
1TCARD,IITAPE
100 FORMAT (12I3)
WRITE(PR,105) IECARD,ISYMM,ICHECK,IRTAPE,TUCARD,IPERM,J1,J2,J03,J4,
1ITCARD,IITAPE
105 FORMAT (1H1,'OPTION CARD: ',1213)
WRITE(PR,102) IECARD,ISYMM,ICHECK,IRTAPE,IUCARD,IPERM,IICARD,IITAP
1E,J1,J2,J3,J4,J1,J2,J3,J4
102 FORMAT (1HO,'IECARD = ',13,//," ISYMM = ',I3'//,' ICHECK = ',I3,//
1,' IRTAPE = ',I3,//,' IUCARD = ',13,//.' IPERM = ',I3,//,' IICARD
9= ',13,//," TITAPE = ',I13,//,' PERMANENT TAPE WRITTEN ON UNIT ',I
33,//,' SCARATCH DRUM IS UNIT ',I3,//.,' SCALED OUTPUT WRITTEN ON UN
4IT ',I3,//,' UNSCALED OUTPUT WRITTEN ON UNIT ',I3,//,' Jl1 = ',I3
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198
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290

300
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308
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5,//," J2 = ',13,//,' I3 = ',I3,//," Ju = ',13)

READ(CR,110) HMIN,HMAX ,KMIN,KMAX ,LMIN,LMAX

FORMAT (616}

WRITE(PR,115)

FORMAT (1HO,' HMIN HMAX KMIN KMAX LMIN LMAX')
WRITE(PR,120) HMIN,HMAX,KMIN,KMAX,LMIN,LMAX

TORMAT (1H ,618)

MAXH=HMAX -HMIN+1

MAXK=XMAX-KMIN+1

MAXL=LMAX-LMIN+1

READ(CR,125) TST,SRT,P,S5C,NUMSTD

FORMAT (4F10.5,I2)

WRITE(PR,130) TST,SBT,P,SC,NUMSTD

FORMAT (1HO,'TOTAL SCAN TIME = ',F6.2,' SEC.',//,' SINGLE BKG. TIM
It = ',F6.2,"' SEC.',//,' IGNORANCE FACTOR (P) = ',F6.u4'//,' CUTOFF
2FACTOR (SC) = ',F6.4,//,' NUMBER OF STD.REFLECTIONS = ',I3)
DO 200 IH=1,MAXE

H=IH

DO 199 IK=1,MAXK

K=IK

DO 198 IL=1,MAXL

L=1L

SCI(H,K,L)=0.0

TIME(H,K,L)=0.0

SCALE(H,K,L)=0.0

CONTINUE

CONTINUE

CONTINUE

JOJ=0

ICOUNT=0

IMAT=0

AVG(1)=0.0

ATT1=2.7448861

ATT2=10.90240317

ATT3=29.66

NUMSET=0

I0I=1

ITI=0

WRITE(PR,290)

FORMAT (1H1,' C H K L D T Bl B2 CORR.I
INT. SIGMA 5IGSQ IW SIGCI',//)

IF (IECARD.EG.0) GO TO 460

READ(CR,305,ERR= 306,END= u440) C,HH,KK,LL,ID,I,IB1,IB2
FORMAT (I11,313,25%,I1,316)

GO TO 310

CONTINUE

WRITE(PR,308)

FORMAT (1H "**********READING ERROR OR BAD CARD#H&sfffefdefaltddidnddtt 1)
GO TC 300

CCNTINUE
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IT (C.EC.1) GO TO 300
IF (C.EG.9) GO TG 440
Ir ({HH.EQ.C).AND.(KK.EQ.0).AND,(LL.EQ.0)) GO TO 300
IF (C.EQ.5) GO TO 330
C=0
IMAT=IMAT+1
ICOUNT=TCCUNT+1
330 CONTINUE
I=T*%10
RI=FLOAT(I)
TB1=TR1#*10
RB1=FLOAT(IB1)
IB2=1B2%10
RB2=FLOAT (IB2)
IF (ID.EQ.1) GO TO 350
IF (ID.EG.2) GO TO 370
IF (ID.EQ.3) GO TO 38O
GO TO 390
360 CONTINUE
RI=RI*ATT1
RB1=RBI*ATT1
RB2=RB2*ATT1
GO TO 390
370 CONTINUE
RI=RI*ATT?2
RB1=RB1#*ATT2
RBZ2=RB2*ATT?2
GO TO 390
380 CONTINUE
RI=RI*ATT3
RBI=RB1*ATT3
RB2=RB2*ATT3
330 CONTINUE
CI=((RI)~-(0.5%(TST/SBT)*(RR1+RB2)))
IF (CI) 400,400,410
400 CONTINUEL
WRITL(PR,4C1) C,HH,XX,LL,ID,1,IB1,IB2
401 FORMAT (1H ,I3,3I4%,3X,I1,3X,3(I6,2X), '#**CORRECT INTENSITY < ZERO#®
1fddeietdntdnt il it e il e it 1)
GO TO 300
410 CONTINUE
SIGSQ=((RI)+(0.25% ((TST/SBT )%*2)% (RBL+RB2) )+ (PHCIL }#%2)
SIGMA=SQRT (SIGSQ)
IW=5IG8Q/Cl
SIGCI=SIGMA/CI
H=HH-HMIN+1
K=KK-KMIN+1
L=LL-LMIN+1
440 CONTINUE
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IF (IPERM.EQ.0) GO TO 451
WRITE(JL1) ¢,HH,KK,LL,H,K,L,ID,0I,I,IR1,RB1,IR2,RB2,SIGMA,SIGSQ,
18IGCI,IW,RI
451 CONTINUE
WRITE(J?2) ¢,HH,K¥,LL,H,K,L,ID,CI,I,TB1,RB1,IB2,RB2,SIGMA,SIGSQ,
1SIGCI,IW,RI
GO TC 470
4B0 CONTINUE
READ(JL) ¢,HH,KK,LL,H,K,L,ID,CI,I,IB1,RB1,1B2,
1RB?,8IGMA,SIGSQ, SIGCI,IW,RI
WRITE(J2) ¢,HH,KK,LL,H,K,L,ID,CI,I,IB1,RB1,IB2,RB2,SIGMA,SICSG,
1SIGCI,IW,RI
IF ((IECARD.EQ.0).AND,(C.NE.5)) GO TO 465
GO TO 470
4E5 CONTINUE
ICOUNT=ICOQUNT+1
IMAT=IMAT+1
470 CONTINUE
WRITE(PR,475) C,HH,KK,LL,ID, I,IB1,IB2,CI,SIGMA,SIGSQ,IW,SIGCI
475 FORMAT (1H ,I3,414,2X,17,1%,2(I6,2%),5(E10.4,2%))
IF (C.EQ.9) GO TO 58¢
IF (C.EQ.5) GO TO 4g0
GO TO 300
490 CONTINUE
JOJ=J0J+1
STD(J0J)=CI
SE(J0J )=SIGMA
IF (I0I,EQ.NUMSTD) GO TO 500
I0I=I0TI+1
GO TO 300
500 CONTINUE
I0I=1
COSET{NUMSET )=ICOUNT
ICCUNT=G
NUMSET=NUMSET+1
GO TO 300
580 CONTINUE
END FILE J?
DO 800 IN=1,NUMSET
N=IN
DO 598 IM=1,NUMSTD
M=IM
JJ=(M+ (N-1)*FLOAT (NUMSTD) )
SUM(N)=SUM(N)+STD(JJ)
5398 CONTINUE
600 CONTINUE
WRITE(PR,502)
602 FORMAT (1HO,'CI1+CIZ?+...CIN / SUM(1) ")
KXX=SUM(1)
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DO 620 IJ=1,NUMSET
J=1J
AVG (T )=XXX/SUMGT)
WRITE(PR,604) AVG(J)
604 TORMAT (1H ,F10.8)
620 CONTINUE
REWIND J?
WRITE(PR,621)
621 FORMAT (1HO,' H K L SCALED INTENSITY STD,DEV. {(IW)")
DO 640 IN=1,NUMSET
N=IN
II=COSET(N)+1
JJg=II-1
VV=FLOAT(II)
DO 635 IJ=1,JJJ
WW=FLOAT(IJ)
628 CONTINUE ,
READ(J2) C,HH,KK,1L,H,X,,ID,CT,T,TB81 ,RB1,IB2,RB2,SIGMA ,SIGSQ,
18IGCI,IW,RI
IF (C.EQ.9) GO TO B45
IF (III.EQ.1) GO TO 626
IF (C.NE.5) GO TO 626
WRITE(PR,624) HH,KK,IL,CI,IW
624 FORMAT (1H ,3I4,4¥,F15.5,6X,F10.5)
IF (TICARD.EG.0) TO GO 6000
WRITE(PU,625) HH,KK,LL,CI,IW
625 FORMAT (315,F15.5,F10.5)
600¢ CONTINUE
IF (ITITAPE.EQ.1) GO TO 6100
WRITE(J3) C,HH,KK,LL,CI ,IW
6100 CONTINUE
GO TO &28
626 CONTINUE
IF (C.EQ.5) GO TO 628
ITT=1
SCALE(H,K,L)=(AVG(N)+{ (AVG(N+1)-AVG(N) )*WW/VV))
SCI(H,¥,L)=(SCI(H,K,L)+SCALE{(H,K,L)*CI)/TIME(H,K,L)+1.0
TIME(H,K,L)=TIME(H,K,L)+1.0
635 CONTINUE
640 CONTINUE
645 CONTINUE
IF (ISYMM.EQ.Q) GO TO B50
CALL SYMM (KCW,IUCARD,IRCARD,IRTAPE,IMAT ,MAXH,MAXK,MAXL,SCI,HMIN,
1KMIN,LMIN,SC,J2,J3,PR,PU)
CONTTNUE
GO TO 725
650 CONTINUE
WRITE(PR,B51)
651 FORMAT (1HO,' ¢ H K L SCALED INTENSITY SID.DEV.{(IW) TIM
1E SCALE(H,K,L)")
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REWIND J?2
655 CONTINUE
READ(J2) ¢,HH,KK,LL,H4,K,L,Ip,CI,T,IB1,RB1,IB2,RB2,SIGMA,SIGSQ,
181GCI,IW,RI
IF (C.EQ.9) GO TO 705
IF (C.EQ.5) GO TO B55
TF (LL.GT.0) GO TC 655
KNOW=KNOW+1
IF (SIGCI-SC) 665,655,655
665 CONTINUE
KOW=KOW+1
IF (IUCARD.EQ.0) GO TO 68%
WRITE(PU,580) HH,KK,LL,SCI(H,K,L),IW
680 FORMAT (3I5,F15.5,F10.5)
685 CONTINUE
IF (IRTAPE.EQ.1) GO TO €95
WRITE(J3) HH,KK,LL,SCI{H,K,L),IW
695 CONTINUE
WRITE(PR,700) C,HH,KK,LL,SCI{H,K,L),IW,TIME(H,K,L),SCALE(H,X,L)
700 FORMAT (1H ,12,31k,4X,F15,5,4%X,F10.5,3X,F4.1,6X,F10.8)
GO TO 655
705 CONTINUE
WRITE{PR,710) IMAT ,KNOW,KOW
710 FORMAT (1HO,'TOTAL NUMBER COLLECTED = ',I5,//,' REFLECTIONS WITH S
1¢I » ZERO = ',15,//,' REFLECTIONS WITH SIGCI < SC = ',I5)
725 CONTINUE
IF (ICHECK.EQ.1l) GO TO 730
CALL CHECX (TST,SET,CR,PR,JZ)
730 CONTINUE
END
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SUBROUTINE CHECK (TST,SBT,CR,PR,J2)
REAL IW

INTEGER C,PR,CR

JJ=0

READ(CE,1000) KYCLE

FCRMAT (I3)

WRITE(PR,1005) KYCLE

FORMAT (1H1,'NUMBER OF CYCLES = ',I3)
CONTINUE

REWIND J2

READ(CR,1015) ?,8C

FORMAT (2F8.5)

WRITE(PR,1020) P,SC

FORMAT (1H ,'P= ',F8.6,/,' SC= ',F8,6)

CONTINUE

READ(J2) ¢, HH,KK,LL,Hd,K,L,I0,CI,T,IB1,RB1,TB2,RR2,SIGMA,SIGSQ,
1STGCT,IW,RI

If (C.EQ.8) GO TO 1050
IF (C.EQ.5) GO TO 1030
KUMBER=KUMBER+1
SIGSQ={(RI)+(0.25%((TST/SBT)**2)*(RBL+RB2) )+ (PRRI)*%2)
SIGMA=SQRT (SIGSQ)
SIGCI=SIGMA?CI
IF (SIGCI-SC) 10u40,1030,1030

CONTINUE

KOKAL=KOKAL+1

G0 TO 1030

CONTINUE

WRITE(PR,1065) KUMBER,KOKAL

FORMAT (1H ,'TCTAL NUMBER OF REFLECTICNS = ',TS,/,' NUMBER OF REFL

1ECTIONS WITH SIGCI < SC = ',I5)
KOKAL=0

KUMBER=0

JJI=JJ+1

IF (JJ.EQ.KYCLE) GO TO 187¢

GO TO 1010

CONT INUE

RETURN

END
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SUBROUTINE SYMM (KOW,TUCARD,IRCARD,IRTAPE,IMAT ,MAXH,MAXK,MAXL,SCT,

1HMIN,KMIN,LMIN,SC,J2,J3,PR,PU)
REAL IW
INTEGER C,PU,PR

DIMENSION 0(13,13,13),5(13,13,13),v(13,13,13),5CT(13,13,13)

TMPLICIT INTEGER(H,M,N)
DO 1800 IH=1,MAXH

H=IH

DO 1750 IK=1,MAXK

K=IK

DO 1700 IL=1,MAXL

L=IL
Q(H,K,L)=0.0
S5(H,K,L)=0.0
V(H,K,L)=0.0
CONTINUE
CONTINUE
CONTINUE
REWIND J2
CONTINUE

I n

READ(J2) C,HH,KK,LL,H,K,L,ID,CI,I,TB1,RB1,IB2,RB2,SIGMA ,STGSQ,

1SIGCI,IW,RI
IF (C.EQ.9) GO TO 2090

IF (C.EQ.5) GO TO 2000

IF (LL.LT.0) GO TO 2020

GO TO 2030

CONT INUE

HH=-HH

LL=-LL

HI=HH-HMIN+1

LI=LL-LMIN+1

GO TO 2050

CONTINUE

IF ((LL.EQ.0).AND.{HH.LT.C)} GO TO 2040
GO TO 2080

CONTINUE

HH=-HH

HI=HH-HMIN+1

LI=LL

CONTINUE

Q(HI,K,LI)=(Q(HI,K,LT)+SCT{(H,X,L))/V(HT,K,LI)+1.0
S{HT ,K,LI)=(S(HI ,K,LI)+SIGMA)/V(HI ,K,LT}+1.0

V(HI,K,LI)=V(HI,K,LI)+1.0
GO TO 2000
CONTINUE

Q(H,K,L)Y={Q(H,K,L)+5CT (H,K,L))/V(H,K,L)+1.0

S{H,K,L)Y=(S(H,X,L)+SIGMA)/V(H,K,L)+1.0
V{H,K,L)=V(H,K,L)+1.0
G0 TO 2000

2090 CONTINUE
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2095 FORMAT (1H1,' H K L SCALED INTENSITY STD.DEVIATICON (IW)

1TIMES CCLLECTED')
DO 3050 IH=1,MAXH
H=IH
DC 3048 TK=1,MAXK
K=IK
DO 3046 IL=1,MAXL
L=1IL
IFr (Q(H,K,L)-0.01) 3046,3046,2097
2097 CONTINUE
SIGMA=S(H,K,L)
SC0=Q(H,K,L)
SIGSQ=SICMA®STIGMA
IW=SIGSQ/SCo
SIGCI=SICMA/SCO
IOW=I0W+1
IF (SIGCTI-SC) 3000,3035,3035
3000 CONTINUE
KTR=KTR+1
HH=H+HMIN-1
KK=K+KMIN-1
LL=L+LMIN-1
WRITE(PR,3010) HH,KK,LL,S3CO,IW,V{(H,K,L)
3010 FORMAT (1H ,3I4,3X,F15.5,3¥,F15.5"10X,F5.1)
IF (IUCARD.EQ.0) GO TO 3025
WRITE(PU,3020) HH,KK,LL,SCO,IW
3020 FORMAT (3I15,F15.5,F10.5)
3025 CONTINUE
IF (IRTAPE.EQ.1) GO TO 3035
WRITE(J3) HH,KK,LL,SCO,TW
3035 CONTINUE
3045 CONTINUE
3048 CONTINUE
3050 CONTINUE
WRITE(PR,3060) IMAT
3060 FORMAT (1H ,'TOTAL NUMBER OF REFLECTIONS CCLLECTED ' ',I5)
WRITE(PR,3070) KOW
3070 FORMAT (1H ,'NUMBER OF REFLECTICNS WITH SCI > ZERC = ',I5)
WRITE(PR,3080) IOW
3080 FORMAT (1H ,'NUMBER OF UNIQUE REFLECTICNS = ',IS)
WRITE(PR,3090)} KTR
3090 FORMAT (1H ,'NUMBER OF UNIQUE REFLECTICNS WITH SIGCI < SC
CONTINUE
RETURN
END

',I5)
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