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INTRODUCTION AKD HISTORICAL

For nesrly one hundred years, it has been known thet
colchicine (I) (1) and its solutions undergo chsnge when
exposed to sunlight (2). It was shown by Jacobi (3) that the
photoproduct ooctained was a product of photo-oxidation. Macht
(4) showed that it was only the ultraviolet portion of the
spectrum which caused the photochemical reactions.

Using an ultraviolet light Grewe (5) was 2tle to obtain
small yields of & photoisomer of colchicine. When gir was

excluded from the 1lrradiation vessels, sunlight was found to

H4CO
@9 NHCOCH,
H4CO |
HaCO <‘Eil HCO
0 O. NHCOCH;

OCHy H3CO

1
];:;\§£:43CH3 !!l} 0

; L OCH,4
HaC

3 O. NHCOCH;
H4CO

H3C0 5 0

OCHs



convert colchicine to 1ts photolsomers in very high yield

(6). Under these conditions Grewe (5) obtaired three isomers
which he designated as (-, 6-, and (-lumicolchicine. Lumi-
colchicines 1 gnd 2, ottained by Santavy (7), are identicel to
@- and Y -lumicolchicine.

In 1955, Forbes (8) suggested that p- and (—lumicol—
chicine have gross structures II end III. Gardner (2) sup-
ported this work and suggested that ﬁ-lumicolchicine has the
stereochemistry shown by structure II and b/-lumicolchicine
has the stereochemistry shown by III. Chapman (10) has con-
firmed the structure end stereochemistry of @—lumicolchicine
asslgried by Gsardner.

The erroneous structure (IV) of X -lumicolchicine
H4CO
O. NHCOCH4.
H4CO =
HaCO 7Y VA

HacO O

H3C CHj
CH3CONH o°d [0” HNCOCHg

7\ 1N

H-CO
3 OCH3 I H3CO

OCHs



suggested by Schenck (11) has been corrected by Chapman (12).
A-Lumicolchicine (V) is & head-to-head trens dimer of
@'-lumicolchicine.

Irradiation of simple tropolones such as x’-tropolone
methyl ether (VI) (13) and o{-tropolone methyl ethers (VIII a,
b, and c) (14) gives good yields of bicyclic photoproducts VII

end IX &, ©, and ¢ respectively.

0 0
O — &
OCHs OCH;

VI VIT

0

OCH4 A OCH3

R — M
R RN

VIIT X

Q
v,
I

CH5, R' = H
In direct contrast, @ -tropolone methyl ether (X) (15)
and tropone XII (16) give ouly complex mixtures of photo-

products.
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complex
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X o XI

.

It is evlident that the methoxyl groups in the B/* and
A-tropolone methyl ethers sre involved directly in photo-

excited stetes XIII and XIV es shown telow. On the other

O) 0
%Q%Q
COcH COCH OCH

¥ 0 xm S 3
OCH3 /“EH3 ? OCHs



hand, the direct involvement of the methoxyl group in @—
tropolone methyl ether (X——>XI) does not leed to & stable
pho toproduct. Tropone (XII) has no methoxyl group to exert
a directive effect.

It is interesting to note thet, although colchicine is
a substituted o -tropolone methyl ether, all three lumicolchi-
cines do not originate from an intermediate which involves
the methoxyl group in the same direct manner as in the simple
tropolone ethers. It is thus apperent that retention of a
trimethoxystyryl chromophore is more importent in product
formation than is the direct involvement of the methoxyl
group.

It has been shown by Schenck (11) snd Gerdner (17) thet

colchiceine (XV) undergoes light-induced isomerizetion and

H4CO
O -cocn
H4CO

HACO
3 0
XY  OH

dimerization reactions asnalogous to those of colchicine.
These photoproducts have been converted to OK-, @-, and K-
lumicolchicine. Once again the retention of the trimethoxy-
styryl cahromophore is the factor governing the course of
these photochemical reactions. It is epparent that the

presence of a methoxyl group is not necessary in the photo-



lsomerization reactions. As a general rule, the preservation
of the trimethoxystyryl chromophore is the dominant factor in
the photolisomerizstion of colchicine and colchiceine.

Irradistion of isocolchicine (XVI) is an interesting test

H3CO
O NHCOCHj
H3CO
H5CO
OCHs
0
XVT

of the applicebility of this generslizetion. If the genersl-
ization is valid, the photoexcited intermediate (XVII) should

give XVIII es the predicted photoproduct. If the generslize-

gl

@ h-v
" —>
OCHg

(o

o >
OCHs 0
0 (:f43

cER(SL

XVT XVIIT

tion 1s not vslid, AXVII should collapse to XIX, by e mechan-

isu. analogous to simple tropolone methyl ether collapse.



® “—9
OCH3 &\oc%
00

O
XVIT XIX

Irredietion of aminodemethoxyisocolchicine (18) (XX)*

#*1Some confusion exists in the nomenclature of this type
of compound in which an amino group has replaced the methoxyl
of colchicine. Zeisel (Monatsh. 2, 1 (1888)) who first pre-
pared the amino compound, called 1t the amide of colchiceilne,
amide of acetyltrimethylcolchicinic acid, and colchicamide,
and all three names have been used by verious investigators.
Hovever, we find this nomencleture (which hed its origin in
the mistaken telief that colchicine was an ester and colchi-~
celne a carboxylic acid) misleading, since the compounds are
distinctly bssic in aqueous media, 3 property not character-
istic of amides. Furthermore, the term colchiceinemide"
(18b, 18c) "leeds to difficulty in naming the compound in
which cerbonyl and amino groups ere interchenged. Isocolchi-
ceinamlde implies a non-existent compound, isocolchiceine, and
the alternative, colchiceineisoamide implies sn 'isosmide' es
opposed to a normsl amide, which is clearly not intended. For
these reasons we have 2dopted the neme aminocolchicide os
being more sultable. The basic properties 2re cleerly im-
plied, and the root name colchicide may serve quite flexibly
for any numicer of compounds in which the methoxyl is replsced
by another group, colchicide itself serving for replacement
by hydrogen. This nomenclature very conveniently accomoclstes
the 1so series also through 1socolchicide." &Quotetion from
footnote 13, p. 3694 of reference 18a.

The present author feels thet the peragreph above states
the difficulty of nomenclature clezrly. However, it is felt
that the introduction of the new term "colchicide" is azn un-
fortunate and unnecessary addition to the probtlem of nomencla-
ture. The term "demethoxycolchicine" implies the same struc-
ture 28 'colchicide" yet causes no confusion to the casual
reader who is unfamiliar with the above quotation. So, st
the risk of teing damned (footnote continued on next page)



and aminodemethoxycolchicine (XXI) provides additionsl tests

of the applicebility of this generelization.

HaCO H3CO
3 O HAC O NHAC
HaCO H3CO
HACO H4CO
3 NH, 0
NH,

N
After this work was completed, Dauben (19) published the
structure of two photoproducts obtained by irradistion of iso-
colchicine in methanol. The mejor photoproduct, lumi-isccol-

chicine, has the same structure as photoisocolchicine (XVIII).

The minor photoproduct (XVIIIa) results from addition of

H4CO
O. NHCOCH

H4CO

H,CO OCH
Loy

.XSZII[aO

methanol to isocolchicine. Both photoproducts contain the

trimethoxystyryl system. $ae

(footnote continued from previous page) for edding fuel to
the fire, the root demethoxycolchicine 1s introduced to re-
place colchiclde. A prefix, such as amino, implies that the
emino group has repleced the methoxyl on the colchicine ring.
Also demethoxyisocolchicine ceuses no confusion in the 1iso-

colchicine series.



RESULTS AND DISCUSSION
Irredistion Apparatus

All the irradiations performed in this study utilized
the same besic appsratus. The ultraviolet irradiation lamp
is a quartz, high intensity mercury arc lamp (Type A, 550
watts) manufactured by Hanovia.

The lamp (A) (Figure 1, p. 11), connected to the eppro-
priate transformer (T), is inserted in a Pyrex well (B),
fitted with cold water inlet (C) end outlet (D). The solu-
tion (E) of compound to be irradieted is enclosed in flesk
(F), which veries in cepacity from 240 ml. to 2.0 liters.
Flesk (F) is equipped with two side erms (G snd H) so thet
nitrogen can be bubbled into the solution continueally durihg
the irrsdiation. The nitrogen inlet (G) 1s fitted with 2
small serum cep through which a five-inch syringe needle (J)
is inserted. A nltrogen atmosphere is maintained by bubbling
a slow stream of nitrogen through the needle. Aliquots of
the irradlation mixture ere obtained by removing the nitrogen
source from the needle, extracting the required smount with
8 syringe, snd re-stteching the nitrogen source. The solu-
tion is stirred by a megnetic stirring motor (K) end Teflon
stirring bar (L).

*Henovis Lemp Division, Englehsrd Industries, 100
Chestnut Street, Newark 5, New Jersey.



Figure 1. Irradiation apparatus
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12
Photoisocolchicine

The methoxyl group on the tropolone ring (ring C) of col-
chicine (I) is labile to mild ecid hydrolysis (20, 21).
Crystalline colchiceine (XV) is obtsined by heating colchicine
and 0.1 Normel hydrochloric acid on a steem beth for 1.5
hours. Treatment of the crude hydrolysis product with dieazo-
methane in methylene chloride gives a mixture of colchicine
and isocolchicine (XVI). The isomers csn be separated by
column chromatography as suggested by Sorkin (20c) giving
isocolchicine in 35-40% yield (Figure 2, p. 25). 1Isocolchi-
cine is almost completely insoluble in hot ethyl ecetsate,
while colcnicine is soluble. A method of obtaining pure iso-
colchicine was developed, based on this otservation. The
crude diazomethane reaction mixture is refluxed gently at
first to remove and destroy excess dlazomethane. Aftér two
hours the remaining methylene chloride is removed in vecuo.
The red oil 1s twice dissolved in chloroform, evaporested in
vacuo, dissolved in ethyl acetzte, end boiled vigorously on
a steam ©tath to remove the chloroform. Isocolchicine pre-
cipitates s 2 colorless powder in 25% yield when the mixture
1s scrstched. The main feature of this prepesretion of iso-
coichicline ls elimination of time consuming chromatography.
This procedure hss two disadvantages: a) the smount of iso-
colchicine obtained per run is lower and b) pure colchicine

is not octained. Neither of these objectlons is serious
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since the nonerystalline material (2 mixture of colchicine
and isocolchicine) is recycled, tresting it es pure starting
colchicine. A series of four cycles can be run in two days
giving 50-85% total yield of isocolchicine (based on starting
colchicine) whereas two days are required to run one cycle
utilizing column chromatography, when slzable amounts of
material 2re involved.

Three solvents were used for the lrradiation of 1socol-
chicine. Absolute methanol was used in the first experiment
but no photoproduct was obtained after irradietion for 17.5
hours. Very dilute aqueous solutions slso yielded no useful
photoproduct. It was then discovered that deoxygeneting the
solution (no matter which solvent is used) is very criticel
in the formation of any photoproduct. Irradiation of equeous
solutions of isocolchicine (three grams in two liters) under
nitrogen atwmosphere gives 30-40% of 2 single photoisomer,
tased on unrecovered isocolchicine. The progress of the
irradistion is followed by the decreasing intensity of the
long wavelength meximum in the ultreviolet (342 mfk)' When
this resction is zbout 407 complete (60-65 hours), the irras-
diation is stopped and the photoproduct isoleted. Longer
irrediation times do not incresse the yield of photolsocol-
chicine and a2t the same time decrease the amount of isocol-
chicine which cen be recovered for recycling. The third

irredietion solvent was 95% ethenol. More concentrested (two
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grams of lsocolchicine per 240 milliliters) solutions were
irradiasted. Only four eand taree-quarters hours are required
for 70% loss of the 34z m}& peek. At the same time the maxi-
mum at 2456 m){ decreases and a shoulder develops at 2560 mf«.
If the reaction is ellowed to go to 95% completion, the
342 M maeximum disappears, maxima develop et 262 and 219
mM, and a minimum appears at 250 mp There is no incresse
in totel yield of photoproduct beyond 70% completion, 2nd as
above, less unreacted 1isocolcnicine is recovered.
Photoisocolchicine is obtained from the aqueous medium
by saturstion with sodium chloride end extrection with chloro-
form. The chloroform extrects sre concentreted end chroma-
tographed on alumins. Unrezcted isocolchicine can be removed
by treatment with ethyl acetste before chromatography, as
described above. This step ls useful because less zlumina
and less time ere required for the seperation of the photo-
isomer. The ethsnolic solutions sre concentrsted and chroms-
tographed. It is importent to remove all of the ethanol
solvent from the crude irrsdiation mixture since traces of
etnanol in tne chromstography column zllow the compcunds to
te eluted without good separation. Likewise, chloroform which
contains ethanol es preservati?e should not be used. The
photoproduct is easily eluted from neutrel sluminas using
chloroform-cenzene (1:1) solvent. Unreacted isocolchicine

is recovered by elution with pure chloroform. UNo other
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Photolsomers are isoleted.

Photoisocolchicine is obteined &8s & crystalline mono-
hydrate from aqueous methanol or ethanol. The tightly-held
water of hydration cen be removed by high vacuum drying at
78° for at lesst two days. The monohydrate appeers to be
more stacle to air oxidation. Photoisocolchicine has infrared
maxime (Figure 3, p. 25) at 5.85, 6.01, 6.20, and 6.27M .

The first meximum is chsracteristic of a cyclopentenone (22,
£3). The acetamido carbonyl group appesrs at 6.010. The
two pesks et 6.20 and 6.27){ are gssoclasted with the tri-
methoxybenzene ring. Two peaks in this region sppear in only
one other known compound in this series, @-Jumicolchicine,
all others have just one pesk between 6.20 and 6.30}&. Hypo-
thetical structures XVIII and XIX both contain the required

co
3 O NHCOCH, NHCOCH
H4CO
L
0

XVIIT XIX.

cyclopentenone moiety and must therefore te considered ss

OCH,

possicle structures for photoisocolchicine.

XIX does not contain the trimethoxystyryl chromophore
while XVIII does. The ultraviolet spectrum of photoisocol-
chicine (Tsble 1) is useful in distinguishing between these
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Table 1. Ultraviolet absorption maxima

Ultraviolet absorption spectre

95% EtOH
Compound max M (& )
Photoisocolchicine (XVIII) 218 (26,200), 260 (21,200)
XXII 212 (35,530), 270 (14,850)
XXIII 220 (25,000), 265 (15,200)
XXVI 207 (46,420) o

two hypothetical structures. Photoisocolchicine has maxima
at 260 (21,900) and 218 mM (26,200). The first is character-
istic of a trimethoxystyryl chromophore (2, 9). Structure
AVIII 1s thus tentatively sssigned es the structure of photo-
isocolchicine.

Thig conclusion is confirmed by the nuclesr magnetic
resonance espectrum (Figure 8, p. 29 and Table 2, p. 17).
Three olefinlc protons, in agreement with structure XVIII,
appear as two singlets loceted at 3.48 and 3.65'jJ (relative
to internal tetramethylsilane) with area retios of 1:2. The
n.o..r. gspectrum of photoisocolchicine in pyridine solution
(Figure 9, p. 29) confirms that these three olefinic protons
appear as three distinct singlets. It is unfortunate that
pyridine 1s not more widely used in nucleesr magnetlc resonsnce
gspectroscopy. It hes the ebility to solvate specific sites on
the molecule (24). Thus, protons which were previously equivs-
lent in one sblvent are rendered magnetically non-equivalent

and appear separated in pyridine. The proton on nitrogen



Table 2. Nuclear magnetic resonance spectr-aa
Proton H 0 o
Aro- Cyclo- b | H Bridge- Methyl- -C_
Compound matic butene H” OMe N-H” -C-N 0-CHz -C-CH3 head ene ' "0 Hydroxyl
KVIIIC 3.48 3.65 3.656 3.74 5.58 6.14 8.08 6.54 7.12 - -
6.35
XVIII 3.45 3.34 3 .36 - 5.10 6.18 8.0 5.96 7.06 - -
(Pyridine) 6.22 7.68
6.36
6.65
XXII 3.02 3.71 5.24 4.54 5.78 6.17 8.07 6.67 7.22 5.32 7.70
(CDC13) 6.27
6.40
XXIII 3.58 3.73 - 4.0z b5.64 6.20 7.99 6.3 723 5.64 6.2
(CbC1z) B.36 under 8.0 under
Ole Olie
xxvid 3.45 —_ 4.52 4.80 b5.66 6.18 8.18 6.186 7.13 - --
(CDC13) 6.23 under 8.0
6.38 Ole
6.42

8Resonance positions are given
internal standard.

“Th

CwWweter of crystallization 7.50F .

e exact position of this resonence depends strongly on concentration.

in7Y -values relative to tetremethylsilane s=ss

1s shaken for & few seconds with two drops of Dg0.

Qyater of crystellizetion 7.58% .

is sheaken for a few seconds with two drops of DoO.

This resonsnce disappeers when the solution

This resonance diseppeers when the solution

4T
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appesrs as a doublet centered at 3.74‘7'(coupling constant
J =8 c.p.s8.). The position of this pesk is solvent dependent
as shown in Teble 3. The complex multiplet centered ot 5.587F

is assigned to the proton on casrbon bearing nitrogen. The

Teble 3. Position of N-H doublet of photoisocolchicine at
various concentrations in deuterochloroform

ﬁr(relative to internal

mg. of XIXéH}. CDC13 tetramethylsilane)

100/300 3.63
100/400 3.74

50/300 | 4.15

25/300 4.47
12.5/300 4.60
6.£5/300 4.68
3.12/300 4,75

four methoxyl groups appezr as three singlets located at

6.14, 6.18, and 6.35Y, with ares retios of 3:3:6. These
four methoxyls sre sepzrsted in the gpectrum obtained in
pyridine solution (Figure ¢, p. 29). The bridgehezd proton
appears as & slightly split (coupling constent J = 0.8 c.p-.8.)
doublet centered st 6.547%7 . The methylene protons occur as
two multiplets centered et 7.12 snd 7.90% . The acetamido
methyl appears at 8.087. The water of hydration at 7.50%
is removed when the sample is sheken with deuterium oxlde for
a2 few seconds. The remeining assignments for the pyridine

solution of photoisocolchicine (Figure 2, p. R9) ere straight
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forward and are found in Table 2, . 17.

The structure of photoisocolchicine, XVIII, derived
solely from spectral date, is confirmed by chemiceal trens-
formations. Reduction of photoisocolchicine (XVIII) by sodium
corohydride lesds to 2 very acid-latile alcohol (XXII).

P¢EEE3F+4_;>

OCHy OCHj
0 OH

XVIIT XXIT

Photoisocolchicine alcohol (XXII) shows enol ether absorption
in its infrared spectrum at 6.09,& (Figure 4, p. 25). The

ultraviolet sbsorption spectrum (Tatle 1, p. 16) shows the
95% EtOH

retention of the trimethoxystyryl chromophore (Al 7~¢

212 (35,530) and 270 mM (14,850)).

The r.m.r. spectrum of photoisocolchicine alcohol (XXII)
(Figure 10, p. 31 ard Taktle 2, p. 17) is very similar to the
spectrum of XVIII. The obvious assignments ere mede in Tatle
< and need no discusslion. The erometic end tne cyclobutene
protons remain st low field. The third olefinic proton, the
enol ether vinyl proton, has shifted upfield to 5.2779, the
normal position for the vinyl proton of an enol ether (25, p.
62). The proton on cerbon bearing hydroxyl eppesrs es @

doutlet, J = 9.35 c.p.s., centered at 5.357. The bridgehead
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proton is now & doublet, J = 9.35 ¢.p.s., centered at 6.68 V.
Consequently, the hydrogen which reduced the carbonyl group
is attached to the cérbon next to the bridgehead carton. The
ﬁydroxyl proton is centered at 7.70 ‘Y and is lost when the
sample is trested with deuterium oxide for & few seconds.
Slow scan of the two downfield olefinic protons (Figure 11,
p. 31) shows that the proton at 3.717 is sctuslly a slightly
split doublet (J = 0.86 c.p.s.). Irrsdietion of the bridge-
head proton in & double resonence experiment collapses this
proton to & singlet (Figure 11, p. 31). The four-membered
ring olefinic proton (3.7177) is on the cerbon attached to
the bridgehead cerbon. Only structure XXII will accommodate
these observations.

411d acid hydrolysis of photoisocolchicine 2lcohol (XXII)
gives photoisocolchicine ketol (XXIII). The ketol gives a

H309 .
XXIT > |l

OH
XXTT

positive periodic acid test showing that the csrbonyl and
hydroxyl functions ere on adjacent carbons. The infrared
spectrum of XXIII (Figure 5, p. 27) hes o maximum at 5.70M,

which confirms the presence of a cyclopentanone ring. The
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ultraviolet absorption spectrum (Teble 1, p. 16) shows the
trimethoxystyryl chromophore.

The nuclear magnetic resonance spectrum of XXIII (Figure
12, p. 33 and Table £, p. 17) shows only three methoxyl groups
located in two singlets (erea ratio 6:3) at 6.20 and 6.387%.
The enol ether vinyl proton of XXII has also been removed.
The oridgehead proton and the hydroxyl proton also appear
under the two methoxyl pesks.

Photoisocolchicine ketol XXIII gives a diol (XXIV) on

NaBH,

> L

OH
OH

XXIV

reduction with sodium torohydride. The amorphous diol is
oxidized witn sodium metaperiodate to the dialdehyde XXV

which wes characterized only by its infreared etsorption.

NalQ,

\cHO
CHO

XXV
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The dialdehyde shows typical sldehyde absorption in the infra-
red at 5.84 r\(F&gure 6, p. 27).

Photoisocolchicine (XVIII) can be selectively reduced
with one mole of hydrogen over Adams catalyst. Dlhydrophoto-
isocolchicine (XXVI) retainrs the cyclopentenone chromophore
es shown by a 5.84 4 meximum in the infrared spectrum (Figure
7, p» 27). The ultraviolet spectrum (Table 1, p. 16) shows
only a single meximum at 207 mM, - This shows that the tri-

methoxystyryl chromophore has been repleced by & trimethoxy-
Ha

XVIIT > ]
OCH4

0
XXVT

benzene chromophore. The nucleer magnetic resonance spectrum
of XXVI (Figure 13, p. 33 and Tevle 2, p. 17) confirms the
loss of the trimethoxystyryl chromophore. Only two low field
protons are present, tie aromatic proton at 3.457Y 2nd the
cyclopentenone vinyl proton at 4.527% . The latter value is
in the normal range for this proton, although it previously
appeered in the range 3.3-3.779 (Tacle 2, p. 17). The pre-
vious low position of this proton is due to parsmagnetic
shielding of tne vinyl enol ether proteon by the trimethoxy-

styryl double bond.
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Sodium corohydride reduction of XXVI followed by scid
hydrolysis gives dihydrophotoisocolchicine ketol (XXVII)

which gives a positive periodic acid test.

7

NBBHA S H3O +

OH
XXVIT

The structure of photoisocolchicine is shown coaclu-
sively to ce XVIII. This structure is proved by use of
instrumental analysis on photoisocolchicine and reduction
products of both the four- and five-membered rings. At the
present time, no satisfactory method has teen devised for
proof of the stereochemistry of photolsocolchicine.

From this study it sppeers that the retention of e tri-
methoxystyryl chromophore in photolisomers derived from col-
cnicine and isocolchicine is more important then direct inter-
action of the cK-methoxyl group. Irradiation of zmino sub-
stituted colchicines end isocolcnicines, 2s shown in the

following sections, substantiate this generaslization.
Photoeminodemethoxyisocolchicine

Preperation of sminodemethoxyisocolchicine (XX) requires

only sufricient supplies of isocolchicine. The procedure of



Figure £. Infrered spectrum of isocolchicine (XVI)

Figure 3. Infrered spectrum of photoisocolchicine (XVIII)

Figure 4. Infrered spectrum of photoisocolchicine
elcohol (iXII)
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Figure 5. %nfrar§d spectrum of photoisocolchicine ketol
AXIII

Figure 6. Infrared spectrum of photoisocolchicine
dialdehyde (XXV)

Figure 7. %ni‘re.g'ed spectrumn of dihydrophotoisocolchicine
XXvI
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Figure 8. DNuclear magnetic resonance spectrum of
photoisocolchicine (XVIII) in deuterochloroform

Figure 9. Nuclear magnetic resonsnce spectrum of
photoisocolechicine (XVIII) in pyridine
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Figure 10. DNuclear ma§netic resonance spectrum of
photoisocolchicine 2lcohol (XXII) in
deuterochloroform

Figure 11. Doucle resonance experiment on photolso-
colchicine zlcohol (XXII) in deuterochloroform
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Flgure 12. Nuclear magnetic resonance spectrum of
photoisocolchicine ketol (XXIII) in
deuterochloroform

Figure 153. Kuclear magnetic resonance spectrum of
dihydrophotoisocolchicine (XXVI) in
deuterochloroform
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Horowitz and Ullyot (26) gives good yields of XX.
Aminodemethoxyisocolchicine (XX) is dissolved in 95%
etnanol (3.7 grams in 240 milliliters of solution) end nitro-
gen is bubbtled tnrough the solution for 1.5 hours. The irra-
dietion is followed by the diseappeerance of the 353 m}« band

in the ultraviolet (Figure 14, p. 44). The four isobestic
points which appeer during this irradistion are locasted at
308, 289, Z5z, eand Z11 mpM - After the irradiation is 80%
complete (7.25 hours) the tright red solutiqg 1s concentrated
and chromatogrephed on Woelm Neutrszl Alumina (Activity Grade
III). It is surprising that no product is ottained from the
column until it is eluted with 2 S¢:1 mixture of chloroform-
methenol. The black-green residue (1.82 grems) eluted with
this solvent is crystallized from methanol-water (1:1) giving
l.2d graws of lustrous, colorless plstelets.
Photoaminodemethoxylsocolchicine nes infrered maxime
at 5.70, 6.04, and 8.28 (Figure 15, »n. 468). The first
raximum 1s too low for a cyclopentenone cesrbonyl group cut
could be a2 cyclopentenone carbonyl group. The maximum st
6.04’« corresponds to tae acetamido group, and the trimethoxy-
cenzene group ls sssigned to tne 6.26,\ reximum. The photo-
product hes mexiua et £76 (1z,700) end 225 mM (14,320) in
the ultreviolet showing thet the trimethoxystyryl chromophore
1s reteined.

The n.m.r. spectrum (Figure 18, p. 48 and Tsble 4, p. 63!
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of photoaminodemwmethoxyisocolchicine is unlike eny other n.m.r.
in the colcnicine series. The acetemido nitrogen proton is
locsted &t 0.977F. This is 2 very dresmatic downfield shift
for this proton (from 3.7-4.79 in the photoisocolchicine
series for instence). DMoreover, this protosn hes a much
smaller coupling constant (J = 3.5 c.p.s.) then previously
observed (J = 8 c.p.s. for photoisccolchicine). The proton
on cerbon beering ecetamido eppesrs 2t 5.744’. This multi-
plet 1is not 2s broad es the corresponding nultiplsts in the ‘
colchicine and isocolchicine series. The drematic downfield
shift of the acetamido -IH is similsr to tre decwnfield snift

ocserved by Chapuman ( in -lunicolchicine alcohol (XXVIII).

H4CO~
3 O. j—cock:
H3CO

f13(:C) !!'b &)__}*

OCH
XXVIIT 3

Chepmer attributes this shift to 2 hydrogen bond es shown.
The dowrtield shift of tne acetemido -FH in photoamino-
demethoxyisocolchicine must ce due to similar hydrogen btond-
ing. The only low field proton present (a2t 3.567)) is the
eronetic proton. This impliss thet prhotoeminodemethoxyiso-
colchicine hes undergone further reactions efter simple tro-

polone ring collapse. One wey to remove tne olefinic protons



is simple dimerizstion anelogous to the dimerizstion of P -
lumicolchicine to o -lumicolchicine. There are three bridge-
head protons, a triplet (slightly split) at 6.367, 2 doublet
(J = 3.5 c.p.s.) centered at 6.814, end 2 sherp singlet at
7.25% . The three methoxyl groups appear at 6.174, end the
acetezmido methyl appeers at 8.037. The pesk 2t 7.5049 end
the underlying multiplet account for seven protons. Shsking
the sample with deuterium oxide for 2 few seconds removes
three protons from this multiplet lesving & multiplet contein-
ing four protons as & diminished peak at 7.50 4 (Figure 19,
p. 48), assigned to the two methylene groups.

Osmometric determinstion of the moleculesr weight of
photoaminodemethoxylsocolchicine confirms tnat the photo-
proéuct is & dimer. Elemental enalysis shows thet the photo-
dimer contains only two nitrogen a2toms. The ring C amino
group hes been replaced bty an oxygen function. Exhaustive
drying to constant weight of the enelyticel seample by the
analysts* et 78° end 0.04 mam. pressure resulted in & welght
loss of 4.27%. This corresponds to one mole of water of
hydration per monomer unit or two moles in the dimer.

One part of tne puzzle of the n.um.r. spectrum 1is thus
solved. TIreeztuwent with deuterium oxide removes the weter

of hydretion and the hydroxyl proton in the multiplet at

#3Schwerzkopf Microenalyticel Laboretory, 56-12 37th Ave.,
Woodside 77, New York.
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7.50%’. The two methylene groups remasin in this multiplet.
The formation of photoeminodemethoxyisocolchicine (dimer)
can te retionalized by the following resction sequence. XX

is tautomerized to XXIX, which in turn collapses to XXX.

=505

.'XX.
NH

Fiz() N
| | )—OH <«<—

lm

/) —OH
i.’ZXK

. HO .
dimer <— imino dimer

There is no wey of telling whether the nydrolysis occurs
before or after formetion of the dimer. In s control experi-
ment, XX was refluxed in 95% ethenol for 7.5 hours. York

up gave only unchanged aminodemethoxylsocolchicine (XX).
Sirce XX is reccvered unchenged, the hydrolysis of the imino
group must occur after XXX is formed. Similerly, light-
cetalyzed hydrolysis of XXIX to colchiceine (XV) does not
occur, since none of the photoproducts of XV (1i, 17) =2re
obteined. Consequerntly, nydrolysis must occur 2fter XXX has

teen formed.
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There sre four possible dimers which cesn be obteined

from XXX (after hydrolysis). XXXII is e heed-to-teil dimer

H OH

HO Ho
XXXIT XXX O

H H H
ol

0 ot
Q
XXXV XXX

with trans-fusionh of the centrel four-membered ring. XXXIII

1s the hesd-to-tail dimer with cis-fusion of the four-
membered ring. XXXIV and XXXV are head-to-head dimers

with trans- snd cis-ring fusion respectively. These four
possitle dimers sre drawn on the essumption that there 1is only
one bicyclic monomer present. If two such monomers 2=re
present, snotner set of four homogeneous dimers plus zn addi-
tlonal set of eight mixed dimers are possible.

The infrered cerbonyl absorption at 5.70r1 is consistent
with tue cyclopentenone cerbonyl of the dimer. Although this
velue 1s sligntly low compered with cyclopentenone itself
(5'75H;)’ it is consistent with s similear &-hydroxycyclo-
pentanone group (photoisocolchicine ketol, XXIII, Figure 5,
p. <7, et 5.70M ). The ultreviolet absorption spectrum of

the photodimer is consistent with the ultreviolet spectrum
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of colchiceine photodimer obtasined by Schenck (11)

(:Ag:gH 278, 227 mM). The two photodimers, however, show
different melting points. Schenck reports that his "lumicol-
chiceine A" gives o{-lumicolchicine on treatment with diazo-
methane. He was not aware of the dimeric neture of o{-lumi-
colchicine and thus was not aware that "lumicolchiceine AM
wes also dimeric. Gardner (17) reports thet his lumicol-
chiceine dimer is methylated by treatment with methyl 1odide
and potessium carbonete.

It is reesonaktle to assume that the dimer obtained from
aminodemethoxyisocolchicine cen be methylated. Treatment
with diazomethene or methyl lodide-potessium cerbonate, how-
ever, gives only unreected dimer. Even treatment with diezo-
methane using fluoroboric ascid c2telyst (27) gives only
unreacted dimer.

It was hopefully essumed that the dimer 1is 2 head-to-
heed dimer. Treatment ty base could split a hezd-to-head
dimer es demonstrated by the following mechanism. kild
treatment by base does indeed clesve the dimer. The products
of the hydrolytic clezvage e2re not satisfectorily purified
on an elumine or a Unisil column. Treatment of the crude
nydrolysis products with diazomethane converts XXXI to the
enol ethers wnilch sre easily purified on an slumine column,

The first product obtained is [3-lumicolchicine (II)

(15% yield). Its melting point and infrsred sbsorption
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H H./eOH

| NO
o/o?/u\ OH

0

|
X%m\ 09 AXXT

i
O
0]
XXXVT

spectrum are ldentical with an suthentic sample (see Figure

16, p. 46 for the infrared spectrs for comperison). B’-Lumi—
colchicine (III) (9% yield), identified by its infrered
spectrum, is eluted next 2lthough no crystelline materiel is
otteined for melting point comparison (Figure 17, p. 46).

It is apparent thet the dimer has the gross structure
shown by XXXIV or XXXV end thet the besic clesvage proceeds
according to the scheme shown XXXIV or XXXV —» XXXVI —>
XXXI. It is unlikely that the dimer is & mixed dimer of
@ - and ‘Kilumicolchiceine beceuse of the simplicity of the
n.o.r. spectrum. The formation of zf-lumicolchicine from
XXV is probabtly an ertifect of the methylation, the work-up,

or the chromatography. This conclusion 1s based on work
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described leter in the thesis.
Since p-lumicolchicine cen come only from XXXI with the
seme stereochemistry, the basic hydrolysis product must heve

the stereochemistry shown in XXXVII. The tasic hydrolysis

NHCOCHj
0

I OH

XXXVIT

shows thet the dimer is a hesd-to-head dimer. The stereo-
chemical requirements of a hesd-to-hesd dimer meke the forma-
tion of XXXV (cis-fused center ring) impossible. loreover,

& more compliceted n.m.r. spectrum should bte expected from &
cis-fused dimer, since & cis-fused dimer would not be sym-
metricel. XXXVIII is probetly the structure of the dimer
octained by irradisting sminodemethoxyisocolchicine. This

structure accommodstes 811l thet is known z2tout the dimer.

HH

| |
CH3CONH Hao 000 HNCOCH4

\ /~0CH;  HaCO—N\ /

H3CO ) OCH
3 OCHsq H4CO 3
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The acetamido -NH proton on the back side of the left half of
this molecule is in good position for hydrogen bonding with
the left hydroxyl on the center ring, &s required bty the
n.m.r. spectrun. The slightly split triplet 2t 6.387%F is

Hy, the doublet at 6.81“ is Hy, and the singlet at 7.2567% is
H, (with a coupling constant which is fortuiltously zero) .

The basic clecvage requires the head-to-hea2d dimer and the
stereochemistry requires the trens-ring fusion. If this dimer
could be methyleted, 1t would give eA-lumicolchicine (V) and
the structure (including stereochemistry) would be solved.
Until the methylation conditions ere published in detail by
Schenck (11) or Gardner (17) nothing more can be said sbout
the structure of the dimer formed by irradisting aminode-

methoxyisocolicnicine.
Photoaminodemethoxycolchicine

Irradiation of aminodemethoxycolchicine (XXI) wes con-
ceived as an experiment designed to ansvwer two questions.
1) Is the retention of the trimethoxystyryl chromophore
appliceble in thls case 2lso? 2) Is amino group hydrolysis
the exception or the rule?

Aminodemethoxycolchicine (XXI) is prepsred by the pro-
cedure of Horowiti énd Ullyot in good yield. Irredistion of
AXI in 95% ethanol is similer to the irradiestion of XX. The

irradietion time 1s directly proportional to the amount of



Figure 14. Irradiation of aminodemethoxyisocolchicine (XXI)
in 95/ ethanol
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Figure 15.

Flgure 16.

Figure 17.

Infrered spectrum of photoaminodemethoxy-
isocolchicine (XXXVIII)

(upper) Infrered spectrum of authentic
p-lumicolchicine II)

(lower) Infrered spectrum of @ -lumicolchicine
obtained from besic hydrolysis and methylation
of photoaminodemethoxyisocolchicine (XXXVIII)

(upper) Infrered s?ectrum of authentic
¥ -lumicolchicine (III)

(lower) Infrared spectrum of Y -lumicolchicine
obtained from besic hydrolysis and methyletion
of photoeminodemethoxyisocolchicine (XXXVIII)
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Figure 18. Nuclear magnetic resonasnce spectrum of

photoaminodemethoxyisocolchicine (XXXVIII)
in deuterochloroform

Figure 19. Nucleer magnetic resonzsnce spectrum of

photoaminodemethoxyisocolechicine (XXXVIII)

in deuterochloroform after treatment with
deuterium oxide
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XXI in solution. The progress of the lrradiation is followed
by the decreasing intensity of the maximum at 353 my . (The
progress of a typlecal irradiation is shown es Figure 20, p.
58.) A solution of 6.0 grams of XXI in 240 milliliters of
etaanol requires 4.75 hours for 80% loss of the 353 mM, band.
During the resction, maximea develop at 274 and 217 mM with

a minimum at £5¢ mpM replacing the 246 mM maximum of XXI.
Isotestic points appear at 316, 266, <82, and <08 mp -

The irrediation mixture 1s concentrated end treated with
chloroform, as described ebove, to completely remove ethsnol.
Chromatography of 2.0 grems of crude irradiation mixture on
Woelm Neutral Alumina (Activity Grade III) effords £.5 grems
of & single crystalline photoisomer (from methanol-water) by
elution wita tenzene-chloroform (1:1). Continued elution
with chnloroform-methanol (2:1) gives unreacted sterting mate-
rial (0.5 grams).

kolecular weight determination shows that the photo-
product 1s a monomer. Comitustion anslysis shows two nitrogens
present, 1lndicating that tne amino group 1s reteined.

The infrared ebsorption spectrum (Figure 21, p. 60) of
pnotoaminodemetnoXycolchicine has s very intense maximum 2t
5.98-6.01){ . The acetamido cerbonyl group is pert of this
maximum but, in previous examples, the scetamido carbonyl
group 1ls only slightly more intense than the bénzene mexima

et 6.28 . Consequentl ariother chromophore must slso be
)



50

absorcing in tnis range. The meximum at 6.15}.\ is assigned
to an enamine.

The ultraviolet absorption spectrum hes maxima at 274
(2£1,100) and 219 mM (21,800) showing the presence of the
trimethoxystyryl chromophore.

Photoaminodemethoxycolchicine 1s assigned structure
XXXIX because of the similarity of its n.m.r. spectrum (Figure
24, p. 62 and Table 4, p. 68) to those of o -lumicolchicine

and Y -lumicolchicine. The two low field protons sre located

H3CO
O NHCOCH3

at 3.454% (a doublet, J = 3.4 c.p.s.) assigned to Hyx end at
3.54 77 (the sromatic proton). The N-Y (of the acetamido)
sppeers as s doublet (J = 7.8 c.p.s.) centered at 3.80 Y.

The proton on cerbon bearing acetsmido is the characteristic
multiplet centered at 5.24 7Y . One tridgehead proton is a
multiplet centered at 5.97 4 , while the other bridgehecd
proton (a quartet) is centered at 6.47 ¥ . The three methoxyl
groups appear as two singlets (zrea retio 3:8) st 6.08 and

6.1 . The -NHy group is 2 broad singlet at 6.35 7 . One
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methylene 1s centered at 7.34 ¥ while the other methylene

is & multiplet under the zcetamido methyl at 7.97 ¥ . Water
of hydratlion appears at 7.75 7% and is removed when the sample
is sheken with deuterium oxlde for a few seconds. The -KHp
protons at 6.357% 2lso disappear during the deuterium oxide
treatment.

A series of double resonance experiments was performed
on XXXIX (Figure £5, p. 62). Irradiation of the bridgehead
proton at 5.97 “¥ caused the olefinic doublet a2t 3.45 ¥ to
collapse to & singlet, thus locating Hy es the multiplet at
5.977% . Coupling between Hy and Hy was also established by
irradiation of Hy. Hy changed from & multiplet to a triplet
while Hy remained a quartet. Jpop must be nearly the same
es Jgx to observe the triplet when & quertet is expected.
Long range coupling was estztlished between Hg--Hp and Hp--Hy
by irrediation of the multiplet at 5.24 )’ and observing the
collapse of Hy to a triplet and of Hy to a doublet. Of
course, Hg and Hp split one anotner.

Since XXXIX is & photoisomer similer to(3 - or ¥ -lumi-
colchicine, verious attempts were made to convert it to inter-
mediates derived from either of the lumicolchicines. Reduc-
tlon with sodium torohydride should give XL. Since XL is an
eriamine 1t should be eesily hydrolyzed to XLI. Both stereo-

isomers of XLI ere avsilable from the lumicolchicines by s
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— o —

%%o 5 %)\OH 5 k”)\OH
NH, NH, 0
XXX IX XL XL

similar route as shown below (II or III —> XLII —> XLI).

P¢EiE3f14 F{3()'*
T or TT > Q\OH — 5 XLI
OCH,
XL

Unfortunately, reduction of XXXIX by sodium borohydride in
tetrahydrofuran-water solution gives a further reduction

product of XLI, tne diol XLIII. This dlol wes not chesracter-
lzed.

PJEBE3F4£'
XLI > OH

OH
XL
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Formation of the diol shows that, after tne first reduc-
tion hes occurred, the aqueous medium must hydrolyze XL to
XLI, which is further reduced to XLIII. A second attempt was
made to isolate either XL or XLI by reduction in dry tetre-
hydrofuran, freshly distilled from lithium zluminum hydride.
The excess reducing agent was complexed by addition of dry
acetone. Then the complexes were destroyed by addltion of
dilute acid. Even with these precautions, only the smorphous
diol wes obtained.

Reduction of the enamine double bond by hydrogen in 95%
ethanol is the second method for degrading the molecule.
There 1s no decreesse in rate of hydrogenastion after one mole
is atsorbed. Exhaustive hydrogenation consumes two moles of
hydrogen. The product retalns the trimethoxystyryl chromo-
phore, showing that the KX-aminocyclopentenone hes been

reduced to an (X-amino alecohol (XLIV). In addition, there is

OH

H2 :
XXXIX > )| NH,

PtO,
XLIV

no evidence for a cyclopentanone in tne infrared spectrum.
Since the enamine 1s so easlly hydrolyzed, it is possitle

that if carbonyl hydrogenation occurs first, the diol XLIII
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might be the product of hydrogenation. Oxidation of the
hydrogenation product (either XLIII or XLIV) by sodium meta-
perlodate does not give a characterizable product.

An attempt was made to convert the amino group to & less
reective group so that sodium borohydride reduction might be
stopped at an intermedizte. Attempted benzoylation of XXXIX
to XLV failed.

O

CeH5CO |
XXXIX —> ]l )—NHCOCgHs
pyridine

XLV

Treatment of XXXIX with hydrochloric scid-sodium nitrite

in an ettempt to make a dizzonium compound (XLVI) also feiled,

0
PJERPQ():Z

. + -
>(><>(l)< f1(:l > l y/ PJZ ,(:l

XLVI

because a salt precipiteted on eddition of acid. This selt
does not melt below 350°C. and resists 2ll attempts to

reconvert it to the parent amine. The s2lt is insoluble in
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every solvent that would give & useful n.z.r. spectrum. Its
infrered spectrum in potessium bromide shows meny of the
mexima of XXXIX.

Forces reported that {}-lumicolchicine (II) (8) gives an
oxime (XLVII) on trestment of II with hydroxylamine hydro-
chloride and sodium acetete. UHoreover, II forms a dioxime

(XLVIII) when refluxed with hydroxylemine hydrochloride in

NHCOCHj
NOH

| OCHs

pyridine.

NaOAcC - XLVl
,///,

l OCH4

¢ NHCOCH,
o OH
NH,OH -HCl
pyridine | NOH

NHCOCH,

XXXIX XLVIIT

Dioximes prepered from both XXXIX and P -lumicolchicine
have identicel melting points (elthougn lower than reported
by Forbes) 2nd superimposable infrared spectre (see Filgure

z<, p. 60 for comperison).
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Since the melting points were slightly low, another
derivative was desireble for absolute proof of structure of
XXXIX. The &,4-dinltrophenylosazones of both XXXIX and @-—
lumico lchicine were prepared and eare identicel in melting
point (and in agreement with the reported melting point) (8),
and the infrared spectra zre superimposable (see Figure 23,
p. 60 for comparison).

This firmly estatlishes the structure of the photoisomer
of sminodemethoxycolchicine (XXI) as XLIX, including the

appropriste stereochemistry.

H4CO
o O. NHCOCH,
3
hv .
XX| >  HaCO =0
95°/, EtOH

NH,
XLIX

It is interesting that the formation of both the dioxime
aiid osazone from XLIX proceeds much more repidly (5 minutes
frouw ALIX, 1.5 hours from ﬁ-&umicolchicine for the osazones)
and in much higher yields. This confirms thet the enamine
is much more reactive than the enol ether, a2 fect which is
enticipated from the borohydride and hydrogenation experi-

ments.



Figure 20. Irradiation of aminodemethoxycolchicine (XX1)
in 95/ ethanol



IRRADIATION of
AMINODEMETHOXY -
COLCHICINE

in 95°%% ETHANOL

8s



Figure 21.

Figure z2.

Figure &3.

Infrared spectrum of photoeminodemethoxy-
colchicine (XXXIX)

(upper) Infrared spectrum of photoemino
demethoxycolchicine dioxime (XLVIII)

(lower) Infrered spectrum of B -lumicolchicine
dioxime (XLVIII)

(upper) Infrared spectrum of photoemino-
?emet?oxycolchicine-b,4-dinitrophenylosazone
AZLIX

(lower) Infrered spectrum of f3-lumicol-
cnicine-%,4-dinitrophenylosazone (XLIX)



X0 4000 3000 2500 | 2000 1800 100

L. 40

FREQUENCY (CM')
1200 1100

N
PHOTOAMINO- "2
DEME THOXYCOLCHTINE
n_CHCLy

T ugco oo,
1 meo :
HyCO 0 !

..........

; 1000 950 900 830
- = i e
P \ S S A I ' ...... ~ I . r\[ AN\
\‘ w - [ , I O e \ {\\ A
TN N I : {! - A l V R RN } R o
o s N U'v ' J / I R i
....... : . , I [M"/ | Lot o] g fd]

4

200 4000 3000 2500

2000 1800

1600

1400

3
WAVELENGTH (MICRONS)

FREQUENCY (CM')
1000 950 900 850

801

e
I 10

. 1200 100

o

P e

r

™
T

AN AN

any

—

—

A
RN

I
i)

e ]

/“\f\"/\

— N

-

-t

(R

N
:

MO

HyCO
HyCO

KBr

IMCOCH,

H—OH
N—OH

PALUMICOLCHICINE  DIOXIME

peliet

_..
——

—
—— T

- -y

T

4

200 4000 3000 2500

5

2000 1800

o~

1600

7

1400

. 9
WAVELENGTH (MICRONS)

FREQUENCY (CM")

1200 1100 1000 950 900 850

80

i.

i
i

% :
.
R P g
|
.

i

e AT T
AN T T !
. T R TR =
RSO N | [A'. /” | L
— | "go R o T y ,ﬂ ) :!
--"""r ‘N-r.n ) ch - .' A‘—v i
__7 o-LuM»cogcmcm::o-zz,n- — ﬂv_L
1 DINMITROPHENYLOSAZONE i . .
oo X8 penet t
2 3 4 5 9 10 " 12

7 L
WAVELENGTH (MICRONS)



Figure 24. Nuclezr meghetic resonance spectrum of
photoaminodemethoxycolechicine (XXXIX) in
deuterochloroform

Figure 256. Double resonance experiments on photosmino-
demetnoxycolchicine (XXXIX) in deuterochloroform

(upper left) Experiment 1, saturste 5.97%,
scan 3.45%

(upper center) Experiment %, saturate 5.24%,
scan 5.47%

(upper right) Experiment 3, saturete 5,247,
scan 5.97

(lower) Experiment 4, saturste 3.45°Y,
scan 5.97 end 60471
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Horowitz and Ullyot (26) generate colchiceine (XV) by
gentle basic hydrolysis of thelr aminodemethoxycolchicine

(XXI — XV). Similar treatment of XLIX gives a lumi-

ﬁﬁfizzz 1.0 N. AffiEZ
| 0 > 0
NaOH
NH, OH
XX| XV

colchiceine (L) which crystallizes from the neutrslized

reaction mixture. At first it was believed that no reaction

NHCOCHj

1.0N.
XLIX >

NaOH 0
OH

L

hed occurred, since the infrered spectrum (Figure £8, p. 67)

end melting point of L are very similar to XLIX. The melting
point of L is similer to that of Q-Jxmnﬁolchiceine prepared
oy Gardner (17).

The n.m.r. of L (Figure 27, p. 87) shows that it is @
pure compound end that it is very similer to XLIX. The
asslgnments for L ere the same 2s for XLIX and zre found in

Tacle 4 (p. 68). The amino group and water of hydration of
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XLIX are missing, and the enol hydroxyl proton of L is located
under the arometic proton at 3.50 7 .

kethylation of this pure isomer gives a crude oil. The
infrared spectrum of this oil i1s superimposable on the spec-
trum octained from basic hydrolysis of photoaminodemethoxy-
isocolchicine (dimer) followed by methyletion. Recall that
the crude oil of the dimer gave @-lumlicolchicine and appar-
ently ¥ -lumicolchicine. This meens that the ¥ -lumicolchi-
cine is protably formed during the methylation, the work up,
or the chromstography.

L was prepered a second time and methylsted by a
slightly different procedure. The infraered spectrum of the
crude oil from this preparation showed the oll to be richer
in @-&umicolchicine than the previous crude oils. Chroma-
tography of the second crude olil gives good ylelds of pure
(3 -lumicolchicine (Figure 28, p. 67) with no evidence of
Kllumicolchicine, although traces of other products appear.

The trimethoxystyryl chromophore is once egein present
in photoproduct XLIX. This study hss prodﬁced three new
paotoproducts of colchicine derivetives zsnd 211 three retein
this chromophore. In zddition, there are et least five, and
possibly e&s meny es eight, other photoproducts from colchi-
cine end colchiceine which contain this chromophore. Since
there is no report of a photoproduct which does not contain

this chromophore, 1t must be concluded that the preservation
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of the trimethoxystyryl chromophore is the mein factor in
the formation of photoproducts from colchicine and 1ts

deriveatives.



Figure 26.

Figure 27.

Figure 28.

Infrared absorption spectrum of
(3-lumicolchiceine (L)

Nuclear magnetic resonance spectrum of
@—lumicolchiceine (L) in deuterochloroform

Infrared spectrum of P -lumicolchicine (II)
oktained from methylstion of p—lumicol—
chiceine (L)



67

1400

FREQUENCY (CM?)

1200 100

1000 950 900 850

80

J000 4000 | 3000 2500 | 2000 1800 1600

R
N i

b

............

...................

.........................

I P 5 (G ZL.uc=s T WY TOOO SNOOY JOURY NN 5
- on

- 8 -LUMICOLCHICEINE

— In CHCly

3 4 5

7

HyCO!
M3COo HaHs
H3C0

oM
in COCly

i ) . J 1
k] 4 13 6

8
WAVELENGTH (MICRONS)

tay

P - LUMICOLCHICEINE

000 4000 3000 2500

2000 1800 1600

1400

FREQUENCY (CM")
1200 100

1000 950 900

850 8

—F—T—

R

KN EXR EARAEE

|
\f

:

A

"

SRl

VAYAR

EEn

“e
X e

f

i
1]
T
l..
M

T
"

|
|
gl
1'\
1

SE0 EnE e

S TS FURE FPRPE I IR

P <LUMICOLCHICINE

n CHQ,

8 9
WAVELENGTH (MICRONS)

10



Table 4. Nuclear magnetic resonance spectra

Bridge- Methyl-

ene

0
u

-C-CH3

Froton

Aro- Cyclo- b OH
Compound matic pentene -N-H ‘)_
XXXVIII® 3.56  —- 0.87 -
(CDC1z)
xxxIxd 3.5¢4 3.45 3.80 @ —-
(CDC13)
L 3.56 3.18 4.00 3.56
(cbclz)

O O DOW

TS

N2 oD

o oo J00

7433
7.97

7.41
7.97

8.03

7.97

7.97

8Resonence positions ere given in <y values

methylsilane.

bThe exact position of this resonance depends strongly on concentration.

CThe water of crystallization st 7.50 ¥ dissppesrs when the solution is
shzken with deuterium oxide for & few seconds.

dThe weter of crystallization at 7.75 ¥ disappears when the solution is
shaken with deuterium oxide for a few seconds.

relative to internal tetra-

89
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EXPERIMENTAL

Photoisocolchicine

Colchiceine (XV)

A solution of colchicine (40.0 g., 0.10 mol.) in water
(438 ml.) was treated with concentrated hydrochloric acid
(7.0 ml.) and heated to 93° on e steam bath with stirring for
1.5 hr. (20). (If the orange-yellow oll which forms does
not crystallize after 1 hr. a few seed crystels should be
introduced.) After cooling to g° with stirring the slurry
was filtered, weshed witn ice-cold water (2 x 100 ml.), and
dried giving 29.9 g. colchiceine (77.7%, m.p. 175-178°;
11t. 178-178° (20). A second crop of colchiceine (2.7 g.)
was obtained by heating the mother liquors as above for an
additionsl 1.5 hr. Total yield: 32.6 g., 84.7%. Colchiceine
can be purified by recrystellization from aqueous ethanol

(m.p. 178-179°).

47

Isocolchicine (XVI)

Diazomethane (22) was prepared by distillation at 40°
from a mixture of K-nitroso-N-methylurea (30, p. 843, kethod
2) (30 g.) arnd 40% potassium hydroxide (60 ml.) in methylene
chloride (500 ml.).

Colchiceine (XV) (41.2 g., 0.107 mol.), dissolved in
methylene chloride (50 ml.), was slowly added to the stirred
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(Teflon covered stirring ber) ice-cold solution of diazo-
pethane (£50 ml.) described above. The reection mixture was
slowly warmed to 4° with stirring over a period of 2 hr.
(to remove the excess diazomethsne) then evaporoted to dryness
in vacuo. The red viscous oil was twice dissolved in chloro-
form (100 ml.) and eveporated to dryness in vacuo.

The red viscous oil wes then dissolved in ethyl aceteate
(200 wml.) and boiled vigorously on e steem bath for 0.5 hr.
(to remove chloroform). The hot solution (approx. 125 ml.)
was vigorously scrateched with a glass rod. The lsocolchicine
which precipitated was filtered (after cooling the solution
to 0°) end weshed with cold ethyl acetate (2 x 25 ml.). If
the isocolchicine (1l.2 g., 0.0281 mol., £6.2%, m.p. 218-222°;
1it. ££5-226° (19¢c)) wes not colorless, it was boiled with
ethyl acetate (25 ml.) for a few minutes, and the slurry
was filtered while hot (m.p. £23-224°, 11t. 225-226° (20c)),

CHC1 f aon Aem (an) A _ )
7Kmax 5 5.98, 6.20, 56.27 (sn), 8.40p ; Flgure 2, p. 25.

Irradiestion of isocolchicine in water

Isocolchicine (XVI) (3.0 g., 0.0075 mol.) wes dissolved
in weter (£.0:1.0) and flushed with nitrogen for 1 hr. The
solution was stirred with s Teflon coested stirring ber, end
a slow stream of nitrogen wes bubbled into the solution for
the duration of the irradiation. A mercury src lamp (HYsnovia

Type A, 550 watts) was inserted in 2 Pyrex immersion well



71

cooled with water (12°). The progress of the irrsdiation
was followed by diseppearance of the 343 m}k band in the
ultraviolet. Maximum yilelds were obtained after irradiation
for 60-65 hr. (407 complete).

The adueous solution was satureted with sodium chloride
and extracted with chloroform (4 x 250 ml.). The combined
organic extracts were dried over magnesium sulfate, filtered,
and evaporated to dryness in vacuo giving 3.0 g. of an orange
viscous mass. Tnis mass waes dissolved in ethyl acetate (20
ml.) and boiled vigorously in a besker, precipitating unre-
acted isocolchicine (1.2-1.5 g., 40-50% recovery). The
mother liquors were evaporated to dryness in vacuo, dissolved
in chloroform (25 ml.), evaporated to dryness, and chromato-
graphed as described below.

Irredigtion of isocclchicine (XVI)
in 95% ethanol

Isocolchicine (2.0 g., 0.00501 mol.) was dissolved in
95% ethanol (240 ml.) and purged with nitrogen for 1 hr. The
solution was irradiated szs described above for 4.5 hr. (70%
complete). The progress of the reaction was followed as
above.

The red reaction mixture was eveporated to dryness in
vacuo giving 2.0 g. of red dil which wes chromatogrephed as

follows.
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Chrometography of irrsdiztion mlxtures

Keutral alumina (25 g., 25 g. per g. of irresdietion mix-
ture) was packed in benzene. The irrasdiation mixture (1.0
g.) was dissolved in benzene-chlorofcrm (3:1, 20 ml.), placed
on the column egnd eluted with benzene-chloroform (3:1, 150
wl.) giving 0.0% g. of an unidentified colorless oil. Con-
tinued elution with berzene-chloroform (1:1, 600 ml.) gave
crude photoisocolchicine (XVIII) (0.54 g.) as a yellow glass
which crystallized from methanol-water (1:1, 5 ml.) as cclor-

less erystels (0.30 g.; m.p. 119.5-120.5°, resolidified from

130-145°, remelted 196-199°; }&SﬁilS 5.85, 6.0z (Figure 3,
7
p.xb); }\22; IO 218 (26,200), 260 mp (21,900). The

nuclesr megnetic resonance spectrum (Figures 8 and 9, p. 29)
showed one water of hydration et 7.507y which wes removed by
shaking with deuterium oxide for a few seconds.

Aral. Calcd. for CgcoHogOgli*HoO: C, 63.30; 4, 6.52;
N, 3.36.

Found: C, 65.53; H, £.63; N, 3.0°.

)
Subsequent elution of the column with chloroform (300
ml.) gave a yellow glass (0.38 g.) which crystellized when
boiled in ethyl sceteste (5 ml.) giving unrescted isocolchi-
cine (XVI). Final elution with methanol geve a yellow glass
(0.1 g.) wnich crystallized zs unreacted isocolchicine (XVI)

es above.
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Photoisocolchicine alcohol (XXII)

Sodium borohydride (0.2 g.) in weter (2 ml.) was added
to a stirred solution of photoisocolchicine (0.150 g., 0.38
waol.) in tetrahydrofuran (20 ml.). The stirred mixture wes
refluxed for two hours and cooled to room temperature. Water
(12 ml.) was added, and tae réaction mixture was concentrated
in vacuo to 10 ml. The milky solution (pd 11) was extracted
with chloroform (4 x 3 ml.), and the combined organic ex-
tracts were dried over magnesium sulfete-potessium carbonste,
filtered, and evaporsted in vacuo giving a2 colorless, viscous
oil (0.15 g.). Trituretion with benzene (3 ml.) gave photo-
isocolchicine alcohol (XXII) 2s 2 yellow powder which wes
recrystellized from acetone-methanol giving colorless,
diamond-sheped crystals (0.070 g., 47%, m.p. £06-209°(4.);
% EtOH

)\Q?Cl5 8.0z, 8.09M (Figure 4, p. 25); }\~'°ﬁ

max s

(35,530), 270 n%\ 14,850); nuclear magnetic resonance spectra
(Figures 10 and 11, p. 31).
Anal. Caled. for CppiunOgl: C, 65.8z; 4, €.78; I, 3.49.
Found: €, 85.8%; 4, 7.00; N, 3.70.

Photoisocolchicine ketol (XXIII)

A solution of photoisocolchicine elecohol (XXII) (0.075
g+, 0.19 mmol.), ethenol (95%, 1 ml.), water (4 ml.), and
sulfuric scid (1.0 X, 1.0 ml.) wes heated in a test tube on

2 steam bath for five minutes. The reaction mixture wes
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cooled, then extracted with chloroform (3 x 1.5 ml.). The
combined extracts were dried over magnesium sulfete, fil-
tered, and evaporated to dryness in vacuo to & colorless
viscous oil which was dissolved in ethanol (5 ml.) end evapo-
rated again (to remove chlofoform). The crude product gave

a positive periodic acid test. Colorless platelets of photo-
isocolchicine ketol (0.050 g.) were obtained ty crystalliza-

tion from aqueous ethanol or squeous acetone, m.p. 2£9-231°;

95% EtOH

max 220

ASELs 5,71, 6.00p (Figure 5, p. 27);
(25,000), 265 mM (15,200); nuclear magnetic resonance spec-
trum (Figure 1z, p. 33).

Ansl. Caled. for CgyHpgOgN: C, 85.10; 4, 6.50; X,
3.6%.

Found: C, 65.40; H, 6.73; K, 3.47.

The ketol was reduced with sodium torohydride as sabove
giving & diol (XXIV) (;\22213 6.0l ) which was cleaved to
the dialdehyde (XXV) ()\32213 5.84, 6.0 ; Figure 6, p. 27)

wnen treated with sodium metaperiodste.

Dihydrophotoisocolechicine (XXVI)

A solution of photoisocolchicire (XVIII) (1.01 g., C.253
mmol.) in ethenol (954, 70 ml.) wes reduced with hydrogen
over Adams cetelyst (52 mg.). After 1.05 moles of hydrogen
were absorbed, the catalyst was filtered, and the filtrate

was evaporzted to dryness in vacuo. The light yellow oil was
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crystallized from ethanol-water (1:3, 20 ml. total) giving
colorless needles (0.89 g., 0.17< mmol., 68%; m.c. 113.5-

115.5°, resoligified between 140-170°, remelted 219-225°;

05% Et0OH

ACiCls 5,84, 6.00 M (Figure 7, p. 27); Ao %

max
(48,420); nuclear magnetic resonance spectrum (Figure 13, p.

208 m;(

33).

Anal. Celed. for C,_oHynOgN-Ho0: C, 62.99; H, 6.97;
K, 3.34.

Found: C, 62.89; E, 6.95; 1., 3.54.

Conversion of XXVI to XXVII

Reduction of (XXVI) (0.125 g.) with sodium torohydride

CHC1z
mex

M) which was hydrolyzed with sulfuric zcid (1.0 ml., 1.0 L)

(0.125 g.) =8 above gave a colorless oil (A .03, 6.11
in weter (4 ml.) end ethenol (4 ml.). The resction mixture
was extracted with chloroform (3 x 4 ml.), dried over enhy-
drous megnesium sulfete, filtered, and concentreted to dryness
giving (XXViI) as s colorless powder (m.p. 140-148°) which

could ce crystellized from etanyl acetzte-ethenol (m.p. 146-

; Lex 5.7, 6-00/« . The product gave & positive

periodic acid test.
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Photoaminodemethoxyisocolchicine

Aminodemethoxyisocolchicine (XX)

Aminodemethoxylsocolchicine weas prepesred as described

by Horowitz and Ullyot (26).

Irrediation of aminodemethoxyisocolchicine (XX)

A solution of aminodemethoxyisocolchicine (3.70 g.,
0.0097 mol.) in ethanol (25%, 240 ml.) was purged with nitro-
gen for 1.5 hr. The irradietion lamp (described sbove) was
placed in a Pyrex immersion well with internal cooling (12°).
The progress of the irradiztion (Figure 14, p. 4) was fol-
lowed by watching the decrease of the 3583 and 246 mM mexima
and the subsecuent formstion of maxime et 274 and 220 mM  2nd
minime at 3z1 and 250 mpM - After 7.25 hr. the irrediation
wes stopped (70 complete). The color of the solution changed
from straw yellow tc deep red during the irradietion.

The irrezdietion mixture wss concentrated in vecuo giving
a2 red oil which wes twice dissolved in chloroform (50 ml.)
and evaporsted to dryness in vecuo (3.7 g.). The red residue
wes dissolved in benzene-chloroform (1:1, x5 ml.) snd
carowmatographed on Woelm Keutrel Alumine (Activity Grade III,
245 g., column length 200 mm.). Elution with 100{ chloroform
(2000 wl.) gave 0.17 g. of unidentified gless. Elution with

chloroform-methanocl (99:1, 1000 ml.) geve 1.82 g. of green-
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clack glass wnica could be crystsllized by scratching & vig-
orously voiled (to remove chloroform) solution of the elusate
in methanol-water (1:1, 50 ml. total) giving colorless,
lustrous platelets (1l.25 g. (34%)), m.p. 198-199.8° (color

diseppeers in polarizer at 190°). Photoaminodemethoxyiso-

colchicine geve a slow (1.5 min.) positive periodic acid test.

Photoaminodemethoxyisocolchicine showed ;\S:gl3 5.70, 6.04 and
Q5% .
.28 Y (Figure 15, p. 46); )\Elg; EWOH oo (12,700), 225 my

(14,320); nuclear megnetic resonence spectra (Figures 18 and
12, p. 48).

Drying of the sample (80°, 0.04 mm., 24 hr.) resulted in
loss of 4.27% by welght. This corresponds to a loss of two
moles of waeter per mole of dimer (calecd. 4.54%).

Anal. Csled. for Gy Hsg090Ns: C, 65.494; 4, 8.02; [,
3.64.

Found: C, 65.28; =, £€.30; N, 3.34.

The moleculer weight wes determined in chloroform solu-
tion ©y tune osmometric method. Colcalcine dissclved in
calorolorm wes used &s the stencerd.

Three determinations gave molecular weights of 83z, 975,
and 810, aversge £03. The moleculer weignt celculsted for e
dimer is 768.75,

A siuiler roleculer welght determinetion on photoamino-
denethoxycolchicine gave 2 uolecular weight of 362 (calculsted

1354:.37) .
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Control experiment on irrediestion conditions

Aminodemethoxyisocolchicine (XX, 0.380 g.) wes dissolved
in ethenol (95%, 25 ml.) and refluxed vigorously for 7.5 nr.
The solution wes evaporated to dryness in vacuo and twice
dissolved in methanol (10 ml.) end evaporsted in vacuo. The
yellow powder was crystallized from methenol-water (1:1, &0
ml.) giving 0.35 g. of unreacted starting meterial, identified
by melting point and comparison of infrered spectra.

Attempted hydrogenstion of photoamino-
demethoxvisocolchicine (XXXVIII)

(XXXVIII) (50 mg.) was dissolved in ethanol (25%, 15 ml.)
ard added to a prereduced slurry of Adams cstzlyst (26 mg.)
in ethanol (95%, 25 ml.). After 40 minutes only 25% of the
theoretical zmount of hydrogern had bteen absorbed. The reac-
tion mixture was flltered and eveporated to dryness 1in vecuo
giving 2 colorless oil (50 mg.) which wes crystellized from
methanol-weter (1:1, 10 ml.). The colorless platelets ob-
teined (45 mg.) proved to be starting materisl 2s shown by
melting point, mixed melting point, and superimvossble infre-
red spectra.

Attempted methylstion of photoemino-
demethoxyisocolchicine (XXXVIIT)

(XXXVIII) (100 mg.) was added to a stirred slurry of

anhydrous acetone (25 ml., dried over magnesium sulfate),
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and fused, powdered potessium carbonate (250 mg.) in & three-
necked flesk fitted with nitrogen etmosphere inlet, condenser,
and megnetic stirrer. After addition of methyl iodide (1.0
rl.) the reaction mixture was refluxed gently for 40 hr.

Water (20 ml.) was sdded to the cooled reaction mixture,
end the solution was extracted with chloroform (4 x 20 ml.).
The combined orgenic extracts were weshed with water (2 x 20
ml.), dried over magnesium sulfete, filtered, and eveporated
to dryness in vacuo. Addition of methanol (1 ml.) to the
light yellow oll ceused a precipitete to separste which, after
filtration, was identified 2s sterting materisl (60 mg.) es
snown by melting point and superimposeble infrered spectre.
Addition of water (1 ml.) to the mother liquors gasve unre-
acted starting materiel (20 mg.).

Attempted reaction of photoaminodemethoxy-
isocolchicine witn diszomethane (29)

A. Preparation of fluoroboric acid (EBF4) (31) Fused

boric scid (3.63 g.) was added slowly with swirling to hydro-
fluoric acid (47%, 10 ml.) in 2 polyethylene tottle at zero
degrees. All of the necesssry precsutions were taken, espe-
cielly having available e slurry of magnesium oxide in 2lcohol
for hydroflouric zcid turns. BSome of the boric zcid crystals
did nct dissolve, even when the solution wes wermed to room

temperature.
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B. Preparation of fluoroboric acid catalyst (£7)

Although the reference celled for concentration of the acid,
it was used here 85 prepared sbove. The ecid (0.5 ml.) was
added to diethyl ether (38 ml.) in 2 50 ml. volumetric flask,
and the solution was diluted to the mark with methylene
chloride.

C. Preperation of diazomethsne (29) Digzomethane

was prepared by distillation from 2 methylene chloride (100
ml.) slurry of N-nitroso-N-methylurez (4.0 g.) treated with
ice-cold potassium hydroxide solution (40%, 10 ml.). Benzoic
scid (0.030 g.)‘required 0.77 ml. of tae dieszomethene solu-
tion, showing it to be 0.3192 lolar.

D. Reaction of photoaminodemethoxyisocolchicine,

diszomethane, and fluorboric acid Photoaminodenethoxyiso-

colchicine (0.280 g.) was dissolved in methylene chloride

(6 ml.) and treeted with the fluorotoric 2cid, catalyst solu-

tion (0.20 ul.). This solution was slowly added to the diazo-

methene solution (10 ml., 4-fold excess). After stirrirg 2t

room tempersture for 1 ar., weter (10 ml.) was zdded to tre

resction mixture, followed by sodium ticerbonete (1.0 g.).

ihe orgenic layer wes separated, washed with water (2 x 20

ml.), dried over magnesium sulfete, filtered, ard eveporsted

to dryness in vacuo, giving 2 ten powder (0.27 g.).
Chrometography of this powder on Woelm Neutral Aluminza

(Activity Grede III, 28 g.) gave thirteen frasctions. Five
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fractions were obtalned by elution with chlorof&rm—benzene

(3:1, 30 ml., net 0.05 g.), four from chloroform (280 ml.,
0.05 g.), and four from chloroform-methanol (99:1, £50 ml.,
0.13 g.). All these fractions had similar infrered spectra
and were crystallized from methanol-water giving 0.22 g. of

unreacted sterting materiel.

Reaction of photoaminodemethoxyisocolchicine with bsse

Pho toeminodemethoxyisocolchicine (1.0 g., 0.00130 mol.)
was dissolved in ethanol (95%, 45 ml.) and hested with stir-
ring to 55°. Sodium hydroxide (10%, 5 ml.) was sdded to the
stirred solution. The progress of the reection was followed
by the slight saiit of the 276 m MY bend to Z73 mpy . After
two hours of neating, the tright red resction mixture wes
cooled in en ice beth, diluted with weter (20 ml.), 2nd trought
to pH 2 by addition of dilute hydrochloric ecid (2%, z4 ml.).
Tae acid solution wes extracted with chloroform (3 x 50 ml.),
end tne combined orgasnic extracts were dried over magnesium

sulfete, filtered, end eveporeted to aryness in veacuo. The

orange-red powder showed no 5.70f{ peek in its infrared
spectrum. Tne powder could not be induced to crystallize

from 2 verlety of solvents and could not be purified by

column chrometography on Woelm Yeutral Aluminz (Activity Grade

III) or Unisil.
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Reaction of the basic hydrolysis
product with dlazomethane

The crude orange-red powder obtained above wes dissolved
in methylene chloride (20 ml.) and added slowly to en ice-
cold, stirred solution of diazomethane in methylene chloride
(75 ml.), generzted as described previously from N-nitroso-N-
methylurea (4.0 g.) and cold potessium hydroxide solution
(40%, 256 ml.). The reaction mixture was warmed slowly with
stirring to 40° to decompose the excess diszomethane. Chloro-
form (30 ml.) was added to the remaining solution (35-50 ml.),
and the solution was boiled vigorously for & few minutes
then evaporated to dryness in vacuo. The orange residue was
dissolved in tenzene (20 ml.) and chromatographed on a 200
mu. column of Woelm Neutrel Alumina (Activity Grade III, 54
g-). Elution with benzene (300 ml.) ené benzene-chloroform
(4:1, 300 ml.) geve 0.0l g. ezch of unidentified oil. Elution
with cenzene-chloroform (3:2, 150 ml.) geve 0.11 g. of uniden-
tified yellow glass. Continued elution with the same solvent
(280 ml.) gave 0.14 g. of a light yellow gless which had en
infrered spectrum identical to the infrared spectrum of
authentic @ -lumicolchicine (Figure 16, p. 46). The gless
was crystallized from ethsnol-water (1l:Z, 2 nl.) giving 0.06
g. of light yellow needles, m.p. 177-184°;: 1it. (8) 180° from
ethyl acetate-ethanol or £05° from aqueous ethanol. ZRepested

crystallizations from aqueous ethanol gave colorless needles,
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LieDe 179.5-183°. The infrared spectrum of these crystals
(Pigure 18, p. 46) is superimposeble on the infrered of
authentic ‘3-lumicolchicine recrystallized from ethanol-water
(m.p. 182-1840). Continued elution with chloroform-tenzene
(1:1, 250 ml.) gave a yellow glass (0,09) g. whose infrered
spectrum (Figure 17, p. 45) 1s superimpossble upon the infra-
red spectrum of § -lumicolchicine (Figure 17, p. 458). This

01l could not be crystallized.

Photoaminodemethoxycolchicine

Aminodemethoxycolchicine (XXI)

Aminodemethoxycolchicine was prepared ss described by

Horowitz and Ullyot (26).

Photoaminodemethoxycolchicine (XXXIX)

A solution of aminodemethoxycolchicine (6.0 g., 0.0156
mol.) in ethanol (95%, 240 ml.) was purged with nitrogen for
1 hr. The solution was irredisted witn & mercury erc lasmp
(descrited sbove) using = water-cooled internsl Pyrex well.
During the irrasdiation, the color of the solution changed
from straw yellow to deep red. The progress of the irredia-
tion (Figure 20, p. 58) was followed by the disappearance of
tne 353 and «46 ] mexims with concommitant generstion of

waxime at 74 and 217 m)\. Total time required wes 4.75 hr.



84

(Subsequent irrsdiations on 6.0 end 1.85 g. of aminodemethoxy-
colchicine required 4.75 and £.6 hr. respectively.)

The 1lrradiation mixture was evaporated to dryness in
vacuo, dissolved in chloroform, and egain eveporsted to dry-
ness (to remove ethanol). The red viscous oil (6.0 g.) was
combined with the residue (3.0 g.) from 2 second irradiation
(of 3.0 g.) and chromatographed on Woelm Neutral Alumine
(Activity Grade III, 345 g.) backed in benzene. The red oil
was placed on the column in chloroform-benzene (1:3, 15 ml.)
and eluted with the same solvent mixture (1000 ml.) effording
0.01 g. of unidentified oil. Elution with chloroform-benzene
(1:1, 500 ml.) gave 0.03 g. of crude photoproduct. Continued
elution with the same solvent system (3500 ml.) geve 5.3 g.
of crude photoproduct. The combined fractions were crystal-
lized from methanol, chilled, and filtered cold, giving 3.15
g. of yellow-brown crystals. Suksequent recrystsllizastion
from water-methenol (3:£, 100 wl.) geve 2.60 g. (29%) of
fluffy colorless needles. WM.p. 208.5-209.50, resolidified

atove 2100, and slowly remelted with decomposition atove 2200,

5% EtOH

)\CHClgﬁ 5.9z, 6.1k, 6.26/»\ (Figur'e 21, p. 60); )max

mex
274 (21,100), z1¢9 m A (£1,600); nucleer megnetic resonance
spectrum (Figure 24, p. 62).

The analyticel sample was dried for 24 hr. at 78° and

0.4 mm. ©Sucsequent drying by the snalysts resulted in no

loss of welght.
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Anel. Calcd. for CgHpgOsNo: C, 65.51; H, 5.29; X,

Found: C, 65.62; H,6o44; l‘:, 7.24-

Hydrogenation of photoamino-
demethoxycolchicine (XXXIX)

Photoaminodemethoxycolchicine (XXXIX) (200 mg.) wes re-
duced with hydrogen in ethanol (95, 45 ml.) utilizing pre-
reduced Adams cetalyst (45 mg.). There was no discernable
change 1n rate of hydrogen absorption efter 1 mole of hydrogen
had been consumed. Exhaustive hydrogenation consumed 2.04
moles of hydrogen. The cetalyst was filtered, and the fil-
trate was evaporated to dryness in vacuo. Chromeatogrephy of
the crude straw yellow powder was unsuccessful. The crude
reaction product shows the loss of the enazmine absorption st
6.13}&. in the inrrared spectrum and gives & slow periodic
acid test. The reaction product was not further character-
ized.

In 2 similar experiment, the hydrogenztion was stopped
after 1 mole of hydrogen had been absorbed. Chromatogrephy
of the resction products gave some starting meterial (20-30%)
in a2ddition to other oils which were not further cheracter-

1zed.
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Oxidetion of tetrahydrophotoesmino-
demethoxycolchicine (XLIII or XLIV)

A solution of sodium metaperiodste (110 mg., 1 rmol.) in
water (4 ml.) was added to a solution of the crude tetrsghydro-
photoproduct atove (200 mg.) in methanol (4 ml.). The white
precipitate (sodium iodate), which was formed after stirring
at roowm temperature for 3 hr., was filtered snd the mother
liguors were evaporated to dryness in vacuo. The infrsred
spectrum of the crude reaction product showed thet no resction

(2ldehyde formation) occurred.

Photoaminodemethoxycolchicine dioxime (XLVIII)

The dioxime wes prepared by refluxing 2 solution of the
.photoproduct (XXXIX) (0.2 g.), hydroxylamirie hydrochloride
(0.1 g.), ethenol (955, 1.5 ml.), and pyridine (£.0 ml.) on
a steam tath for 1.5 hr. The white precipitete, which formed
elmost immedlately, was solutle in weter and gevé a positive
silver nitrete test. The filtrate wes concentrated in vacuo
giving a light yellow oill which crystellized when triturested
with methenol (£.5 ml.). The colorless plstelets (0.18 g.,
83%) were recrystsllized from methanol-ethsnol giving color-
less platelets (C.lx g.); m.p. 175-178°%; 1it. (8) m.p. 184-
1860; m.p. of dloxime prepered from @-lumicolchicine by the
method of Fortes (8) 175-177°. The infrared spectra of both

dioximes in potessium bromide were superimposaetle (Figure 22,
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60) .

Photoaminodemethoxycolchicine-~
z,4-dinitrophenylosazone

(XXXIX) (30 mg.) wes dissolved in methernol (2 ml.) end
added to a solution of Z,4-dinitrophenylhydrezine (30 mg.) in
methanol (3 ml.) to which one drop of concentrated hydro-
chloric ecid had veen added. The reection mixture wes wermed
ger:tly on & hot plate causing 2 voluminous scarlet wreclpitate
to eppesr in less then five minutes. The cooled reaction
mi xture was filtered, e2nd the precipitate wes weshed with
cold methanol (5 ml.). The dried precipitate (30 mg.) melted
5t 209-21c°, 1it. (8) z1g°.

The £,4-dinitrophenylosazone of@ -lumicolchicine wes
prepared azs described by Fortes (8). The scarlet precipitete
required at leest 1.5 hr. to form. Nelting point of the dried
materiel (10 mg.) was £11-213°. The infrered spectra of the
two £,4-dinitrophenylosazones in potassium tromide were super-
imposable (Figure =3, p. 80).

Attempted reduction of photoamino-
deniethoxyco lchicine

(XXAIX) (0.500 g.) wes pleced in 2 flame dried three-
necked flesk erd dissolved in anhydrous tetrazhydrofuren (20
wl., freshly distilled from lithium eluminum hydride). Sodium

borohydride (0.100 g.) was a2dded, and the resction mixture
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was stirred for 10 hr. st room tempereture. Anhydrous ecetone
(£.0 ml.) was added to complex with the excess borohydride.
After stirring for one half hour, weter wes added (10 ml.),
and the reaction mixture was concentrsted in vacuo to 8 ml.
The milky solution was extracted with chloroform (3 x 5 ml.),
snd the conbined, dried organlc extracts were evaporated to
dryness giving a yellow oil which had an infrared spectrum
identicel to the product of hydrogenation (2 moles of hydro-
gen) and to the product obteined from 2 similer torohydride
reduction which also had 10 ml. of water present in the resc-

tion mixture. No further attempt &t purification wes made.

Unsuccessful experiments

An attempt to form en K-venzoyl derivetive of photosmino-
demetnoxycolchicine in pyridine, in order to lower the resc-
Tivity of Tae enamine, feiled.

Any reaction attempted (such es a diaszotizetion) which
requires en sacidic medium results in preclplitation of & selt,
which does not melt below 350°. This selt is slightly solu-
cle in chloroform, tut not solutle enough to give s meeningful
n.m.r. spectrum. It is insoluble in pyridine, dimethyl-
sulfoxice, weter, ethanocl, btenzene, methanol, and ether.

heutrelization of an edqueous slurry with sodium hydroxide

KBr

(10%) results in recovery of salt, mex

6.28H.

5.85, 8.10, 6.17,
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cegsic hydrolysis of XLIX

XLIX (0.25 g.) was dissolved in a mixture of ethenol
(5.0 wls, 95%) and normel sodium hydroxide (12.5 ml.), 2nd
refluxed on a steam beth for & hr. The cooled solution wes
neutralized with normal sulfuric scid (14.0 ml.) to pH 2.
The neutralized solution deposited ten needles of L on stand-
ing overnight in a refrigeretor (0.165 g., 66% m.p. 209-218°;

CHCl 1.0 '») . o} .
)\max 3 5.95 (sh), 6.00, 6.26p (Figure 26, p. 67);

A95k EtOH

rax 223 (33,900), 268 my (30,580); nucleer magnetic

resonsnce (Figure 27, p. 67).

liethylation of L

Diazomethene wes generafed as sbove from N-nitroso-Il-
methylures (2.0 g.) ané cold potassium hydroxide (20 ml., 40%)
in methylene chloride (20 ml.) A solution of XLIX (0 09 g.)
in methylene chloride (4 ml.) was 2dded dropwise to the ice-
cold, stirred solution of dilazomethane in methylene chloride
(20 nl.). Tae reaction mixture wes slowly wermed to decompose
excess dlezomethane then evaporeted neerly to dryness. NNo
chloroform was used in this workup. Ethenol (5 ml., 25%) was
added, erd the resction wes tolled gently for g few minutes
then evaporated to dryness in vecuo. The crude yellow oil
showed cheracteristic @-&umicolchicine aosorption in the
infrared. Crystellizstion from methenol-water failed. The

agueous solution was extrected with chloroform (4 x 3.0 ml.),
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and the combined organlc extracts were dried over mesgnesium
sulfate, filtered, and concentreted in vecuo. Chromstography
of the light yellow oil (0.08 g.) on Woelm Feutrel Alumine
(Activity Grade III, 18 g.) afforded @-lumicolchicine as a
colorless oil (0.050 g., 55%) on elution with benzene-chloro-
form (3:z, 250 ml.). Q-Jmmicolchicine obteined by crystel-
lizetion from methsnol-water (1:3, 1.6 ml., 0.030 g.) was
identicel with an authentic sample in melting point and infra-
red spectrum (Figure 28, p. 67 for @-Jxmmcolchicine ottained
in this experiment, Figure 17, p. 46, for authentic ﬁ -

lumicolchicine).
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