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GENERAL INTROWCTION 

This thesis is a pan of a project underw~ in this laborato17, 

the aim of which is the syDtheses of various nitrogen-containing steroids. 

Some 8111no steroids hue been k:nown to possess ~potensive or bacte

riostatic properties. The S7Jltheses or some other ni trogen•oontaining 

steroids have beeR prompted by their stmilarity to various alkaloids. 

ID the rirst part or the present _,rk, the MllDDich reaction ot unsa

turated and saturated ketosteroids derived tram cholesterol was studied. 

The qdrogen atoms in riDgs A or/and B were activated by the adjacent keto 

group( s), and also by the double bond in the case or unsaturated ketones. 

It was established that the ketosteroids examined condensed preferentia113' 

w1 th rol'Jialdehyde. 

The potantial phamacological properties of the reduction products 

ot steroidal orlmes and the elucidation or their stereoch81list17 have 

attracted the attention ot various workers. 

Ill the second part ot this researoh, the reduction or mono- and di• 

oxi.minocholanic acids by means ot sodium ill alcohol and 11th1WR aluminium 

qdride was investigated. steroidal 8JI1no acids were qnthesized using 

the tomer reducing agent. Their dipole structures were contirmed by 

intrared spectroscow. The reaction ot dioximinocholanic acidiJ with 

lithium aluminium hy'dride resulted in the reduction ot the carbox;rl group 

to primary alcohol in ali eues. The onme groups, dependiDg on their 

positions in the nucleus, were transtomed either to a secondary alcohol 

or to a prims.ry sUne. 

The intrared spectra or various keto- and o:ximino• oholan1c acids 

prepared were determined and axamiJled. 



BISTORICAL INTRODJC'!'ION 

Part I - 'the lluaich reae'tioa 

1. KechaniSil 

The llannich condensation t. of ver,y wide appl1cab111ty, and wu 

~horouply' MYiewed by- Blicke (1) in 1942. More recent~, Matuszko 

(2), Bombardier! (3) and l!'eny'es (4), from this Laborato17, gue an 

account of ~he subsequent literature. Although the Mmmioh reaction 

bas been investigated extensively', the course and the factors deter

llin1Jt& i t he.Te not be en elucidat ed complet ely-. However, all authors 

agree on a two stage process involving a condeaaatton of fol"lll8J.deeyde 

with either a compound possessing one or aore active qdrogens, or 

with an adne, and subsequent reaction of this intermediate with the 

third reactant. 

Bodendort and KOralewski (5)suggested the for.mation, in the first 

step, of afi•ketoaethylol, which would then reaet w1 th a secondar.r 

81l1ne. Philips ( 6) proposed that before eondensing with the base, 

the methylol undergoes deb1'dration to an ex fi-unsaturated katona. 

other bypotheses resulted from various experimental evidences. Some 

workers ( 7-11) considered a meteylol-811line, RaNCH20H, to be the first 

interaedia~e. Alexander and Underhill (12) supported this Jltew on the 

basis o:r their kinetio study. 

Lieberm.an and Wagner (13) postulated methylene•bis-EIIIine, 

R2NCH2NR2, as an intermediate. Their hypothesis was put forwa.rd to 

account for the preparation of sneral llannich bases by the interac

tion of methylene-bis-mnines with phenols (14) and other compound& 

containins an active hydrogen (13). By an accession o:r a proton, 



HO 

@ 
m.ethylene-bis-8l1Üne 1'orm.s an ammonium ion, ~CH~2, which by losa 

(±) 
ot amine yields a carbonium ion R3NCH2• The latter, according to 

Wagner (15), could also be obtained t'rom aetbylolamine by protonation 
(f) (f) 

to give an ammonium-oxonium ion (R~CH20H ~ R2NCH20H2) , and subse-

quant losa ot a molecule ot water. Carbonium ion, the key intermediate 
e 

in these schemas, would then combine with the carbanion, R2Œ2, result-

ing !rom an active hydrogen compound (katona, aldehyde, pheool, nitro-

parat1'1n, etc.) by loss o1' a proton under the influence ota base. The 

above mechaniam implles a dual acid-base catalysis. Hellman ( 16) 

adopted it as beiDg in agreement with his extensive stuëcy' o1' Tarious 

condensation reactions involving Mannich bases. 

2. Applications o1' the Mmmich condensation in the steroid series 

The application ot Mannich reaction in the steroid series bas 

hitherto been restricted to compounds containing an activated methyl-

ene group in the ring D, or in the aliphatic aide chain attached to 

the carbon atom in 17-position. In 1948, Julian and his coworkers (17) 

were able to prepare 16-aminometbyl derivatives ot dehydroisoandroste

rone (I) by condansing dehydro1soandrosterone (II), pararorm.aldehy'de 

and a secondary amine bydrochloride, such as dimethyl-, diethy'l-amine, 

or piperidine hydrochlorides. 

ctr:NR 
2 2 

II I 

2. 



However, a detailed description and the physical constants of one 

product only, 16-dimeteylaminamet~ldehydroisoandrosterone, were 

given. In a patent secured in 1951 (18), Julian reported severa! 

other steroidal Mannieh bases, sueh as 16-(methylaminamet~l)dehydro

isoandrosterone, 16-(dimethylaminomethyl)etioallocholan-3-ol-1?-one, 

16-(dimethylaminametbyl)estrone, and 2l-(dimeteylaminomethyl)-5-

pregnen-3-ol-2Q-one. 

When testosterone (androst-4-en-17-ol-3-one) and progesterone 

(pregn.-4-en.e-3,20-dione) were used in the Mannich reaction, no 

definite produets could be isolated (18). 

3. An abnomal Mann1ch c:ondensat ion 

Interesting resulta were reported recently by Bachman and 

Atwood (19) who prepared a series of r -dinitroparatfins. The con

densation between the active methylene group of prime.ry ni troparat-

1'1ns and formaldehyde gave good yields of products only in the pres

ence of basic catal.ysts capable at' forming Mannich base intermediates 

auch as secondary amines. Low yields were obtained even with a ter

tiary amine and with sodium carbonate. The authors postulated a 

reaction mechanism involving Mannich-lika base inter.mediates: 

~ + CH20 + RO~N02 ___. 

RCH(N02)CH~ ~ 

RO(N02):CH2 + RCH2N02 ._. 

RCH(N02) CH~ (A) 

RO(N02)=CH2 + R~ (B) 

RCH(N02)0H2CH(NoJR (C) 

An altarnate reaction sequence was indicated in view of the t'act 

that p.tre tertiary amines and sodium carbonate also catalyzed the 

fom.ation of r-dinitroparaftins. 

3. 



R<JY02 + ~0 

RCH(N02) ml20H 

--•)1 RCH(No2) ~OH 

__ ._,...,.. RC(N02) • CH2 + H20 

(D) 

(E) 

The authors pointed out that the relative ease of reaction (B) as 

compared to (l!:) probably accounted for higher ;yields ot p:-odUcts ob

tained wi th secondar;r 811line cat alysis. 

In agreement with the above proposals, secondary and tertiary 

nitroparatfins do not undergo this reaction. 

Part II - The reduction of steroidal oximes 

The amino derivatives of steroids were expected to possess biolo

gical activity, due to the presence of a nitrogen tunction attached to 

the steroid œcleus. In sane cases, the nitrogen eontaining steroids 

bore a close resemblance to natura.l alkaloids. These fa.ets prompted 

the syntheses of a number of compounds of both types. 

Partial syntheses of steroidal allœ.loids have been reported by 

Uhle (20, 21). 

Ruziozlœ. and his coworkers (22) have prepa.red 2-l.dial.qlamino) 

ethyl ester and 2-(dial.kyl.amino) ethyl 8Diides of cholan.ic and tesoxy

choll o acids in Vi ew ot their Billlilarity to Erythrophleum allcal.oids 

auch as cassaine, cassaidine and coumingine. 

Heer and Ho:tmann ( 23) have syuthesized very recently a seri es of 

steroid derivatives (cl7-pyridine,l~Picoline and 016• 17-pyrrocoline) 

related to solanidi:ne. 

Certain amines have been synthesized because ot their p!Obable 

hfpotensive properties (24, 25, 26). 

4. 



A DUilber ot •1Do derJ.Tat1ves ot cholesterol, cholest811.01 ad 

bile aoids have bee:a pr."epared ad tound to be baoteriostatic agents 

(2'1-36). 

The steroidal structure and the aaebacidal properties ot cones

si.De prcapted the 87Dtheeea ot aa1Jlo der1Tat1Tes ot alloprecnane 

( 36, 37) , androstane ( 38) and tr1qdro:Q"DOrchol8Jle ( 38) • 

1. KechaD:lsa 

When an o:x1Jile group located in the ateroid nucleus is reduced, 

the realti.Dg a1Jlo sroup 1181' exlat 1D el thar anal or equatorial 

contoraation. It 1s now seurall.7 agreed (39) that r8lblot1ons b1' 

alkali anals and proton donors, procaedlag through loDS 11Ted car

banlons, giTa predOIIIIiDant~ the aost; thelW)d7naicallT stable 

product. It has bea augested (40) that the oat~1c qdrosena

t1on ot oXiaes tollon the s•e course as that ot ketones, aDd in 

h1sh11' acidic aedia (tast rate ot reaction), anal substituent& are 

produced. There is a good deal ot exper1aeAtal eT1denoe au.pporUng 

the abOTe Tien, bu.t the literature also contains several exaaplea ot 

reduotiOJls which gave Dlixtures ot epiaers in TaryiDg ratios (-'1, 4.2) 

or J'ielde4 uœaloua pL"Oducta (30). ID part1cular, the atereocheaical. 

course ot reductions b1' 11 thiwa aluminiua qdride doas not seea to ba 

wall ascertained (42, 43, 44). Whenever various iscaera can be 

produced ill a reaction, the 1ntluenc1DS tactors ara the1'aOcJ7Daio, 

kinetic and ateric. 

Accordims to Cora,.•a extensive work oJl the atareoch•iatry ot 

brOIIinated steroida (45), the contomat1on ot the inc0111Dg so.bstituent 



is goTemed by the thermodyDEIIlic and k1net1c control ot the reaction 

proàllct. In the tiret stage ot a reaction, the killetic control is 

operat1.Dg, and depending upon further conditions ot the process 8114 

its duration, the prodact may or aay not UDdergo theDil047DEaio equi

libration into the more stable epiller. 

Daben and bis coworkers studied the steraochellistr.r ot qdride 

reductions ot alicyclic (46) and ateroidal. (4.7) ketones. In order to 

inte~et the distribution ot isœers produeêd in these reactions, the 

authors postulated the concept ot "steric approach control" and ot 

"procilct deTelopaea.t control". The tomer is related to the ease ot 

:tomation ot the initial organo-.etallio aoapla:, whereas the latter 

depends on the relatiTe energettcs ot the tomatioa ot the product 

:troa the COJlplex. It a reaction 1s product deTeloiReDt controlled, a 

.are stable 1soaer is obtamed. When both :tactors are 1a operation, 

the relat1Te proportions ot isoaers depend upon the predOJlinance ot 

one o:t the "controls", and also upon them beil:lg coapetU1Te or not. 

2. Amino deri Tati Tes o:t the choleatane and coprostane series. 

a) Aminocholestanes and aminocoprostanes 

The chBIII.istry ot the recmct1on ot steroidal oxiaas hu been Te1"7 

auch concerned with the 3-posi tion in the riDS A. (III). 

R 

6. 



The tirst worker who should be mentioned in this CODJlection is 

Ioebisch who, in 1872, claimed to have prepared 3-aminocholestane 

when he treated cholestenyl chloride with an alcbholic solution ot 

8Dionia (48). His p:roduct melted at 104°. Later on, Walitzky (49), 

Diels and Abderhalden (50), and others tried unsucceastully to 

obtain the aboTe Blld.ne by !Debisch' s procedure. In 1911, Windaua 

(41) became interested in possible physiological properties ot 

aminosteroids. H8 reinvestigated Loebisch's work and succeeded in 

preparing, under special conditions, what was beli&Yed to be the 

hyd:rochloride ot 3-811linocholestane. 'l'he corresponding base had a 

aelting point ot 9e0. On.l7 much lat er was 1t sbown that Loebisch's 

and Windaus' products were llixtures ot epimel'ic 3-am1nocholeat•5• 

enes ("cholesteryla.ine") (33, 38, 51, 52, 53). Searching tor 

another wa:y to prepare the aino coapound, Windaus made use ot 3-

ox1Jiinooholest-4•ene whioh had been previoualy reported by Diel.a cd 

Abderhalden (54). By reduoi:ag the oxime with sod11Dl in ethSlol, 

Windaua obtained an amino pro du ct, a. p. about 9SO, trom whioh he wu 

unable to isolate 8JV' appreciable aaounts ot e1ther epimer in a pure 

state. The acetylat1on and tractional orystalllzation ot the reac

tion p:rodnot yielded three di:t:terent tractions wh1oh the author 

nam.ed ct' ft and r . 
The !ollowing year, DJ.ela (55) obtained 3-aainocholestane by 

reduction ot the correaponding oxille with sodium in amyl alcohol. 

The product aelte4 at uo-120°. Diels also prepared the eydrochlo

ride for which he did not report the melting point. In 1946, 



Barnett (29) :tound that the :tree base inlûbited the grcnrth o:t GraJR

positive bacteria, but bad scareely aD7 bacteriostatic activitJ 

against Gra•negative organisms. 

In 1952, Dodgson and Haworth (38), in their search tor aew basic 

steroidal derivatives with phamacolog1cal properUes sill.ilar to the 

aaebicta.al properties ot cousaine, were led to prepare, BJIODg other 

coapoWI.ds, 3 J3 •dilletqlaainocholestane. 'l'he base wu obta1ned, in 

low 7ield1 by reducing 3-o:rtainocholestane, previou&ly reported by 

J'uj11 and Mataukan (56), w1 th sodium in amyl alcohol to 3 jJ •Bilinocho

lestane. 'l'his 1ntemediate OOlllpound was the •jor const1 tuent o:t a 

lllixture, •· P• 9o-120°, which was acetylated and separated into two 

epilleric acetaido derivatives :aelting at 245-24SO ,[ct.. J ~0 + 12°, and 

at 2J.30 respectively; the :tomer, on by'drolysis with acids, gave 3) • 

Bllino derivative, a. p. 106-120°. 3}3 -Aainocholestane (IV) was also 

tound to give a digitonine com.plex quite readily, whereas the related 

acetyl derivative did not 7ield such adduct. lletqlation o:t the 3}3-

811ino group a:ttorded 3)3 •diaetql8111nocholestane (V). An att•pted 

Ho:tllann degradation o:t the quaternar,y base, 3}3 •cholestanyltrilletlQ"l• 

EIIUROnium iodide (VI), by the 'fi8J' o:t aethoqdronde (VII), yielded the 

3)-diaetlQ"l coapound (V), and proTided additional proo:t :tor the con

:tomation o:t the 3} •amino group. 

a. 
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lJofaBJlJl decoaposition, which is a bim.olecular 1:2-elilline.tion 

reaction (~'1) is tavoured b7 a coplanar arr&Dgeaaut of the parti• 

eipatil:lg atoas. The highest degree ot coplanarity exista in a 

trans-Afl.B configuration in a steroid molecule whau a substituent 

in 3-position is oc(anal). CoJlBequantq, 30C-substituents in COII.

pounds possessiDS trans-A(B rillgs should undergo bi.Jiolecu.lar eli

Jiination 110re readi:cy than 3}3•ep1aers (58). Accord1D&l.7, o/3-
dtœetbTlaainocholestane was recovered in high yield when sabjected 

to Hotllaœ. degradation (see aboYe). The cond1:tion 1s tulfilled. 



onl.y in 30(-d1Jaetb7laalinocholestane with its diJI.et~l8JiiDO gl'Oup in 

anal contoraation. The 3CX.•ep1mer, prepared by reaction ot cho-

lestan•3fi-Jl toluene-p-sulphonate w1 th dill.etqlaine, underwent the 

degradation with great ease, and rielded a mixture ot oletinic 

cholest-2-ene (VIII) and cholest-3-ene (IX) • 

10. 
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Shoppee and his coworkers reduced 3-oxiJDinocholestane (X) aDd 

the isomerie 3-oximinocoprostane (n) with sodium. in ethanol, lithiua 

alUJBi.nium qdride (59) and platinua in aeetic acid ( 42). In accord 

with previous tindings concerning sodia in alcohol re4uetions (40, 

IX 

60, 61) 1 equatorial •ines were obta1Ded, n8Dlel.y 3 )3-aainocholestane 

(XII) (m. p. ll6 .. USO 1 [ex] D + J.20; acetrl derivative, ••P• 224°), and 

30C-aa1nocoprostene (XIII) (M. p. 82-84°, [ex] D + 38°; acetyl derivative 

m.p., 218-2190). 
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However, contlicti~~g resulta were obtained by' the authors as to the 

other two aodes ot reduction. Shoppee 's work in 1954 (59} indicated 

that lithium aluminiWI qdride yielded pred011lin8lltJ.7 uial 811i.nes, 

and appeared, theretore, to possess a stereoapeciticit;r s1m11ar to 

u. 

that ot catalytic reducing agents in acid mdiua. The two iscaera 

obtained were 30C•aainocholestane (liV) (a.p. 90°,[oc.]D + 360; acet;rl 

der1Tative, m. p. 21'/•218°), and 3ft •8111nocoprostane (XV) (m. p. 139-141°, 

[(X] D - 20°; acet;rl der1Tative, m. p. 1000~. 

XIV 

HON 

HON 
H 



Similar work reported in 1956 by' Shoppee and his group (42) indi

cated that lithium aluminium ~dride reduction or 3-oximinocholestane 

led to the pt"oduction or a mixture or amines composed or about equal 

12. 

amounts ot both axial and equatorial epimers. Hydrogenation wi th plati

num in acetic acid gave the axial epilller, 3 ~aminocholestane {XIV), in 

agreement w1 th e:xpectation • 

H 

XII 

..,...,_L1_A_lH~"4-Œmô 
H 

x XIV 

The reduction of 3-oximinocoprostane {XI) with sodium in ethanol, pla-

tinum in acetic acid and lithium al.WBiniwa hydride took an unaxpeeted 

course ( 42). Contrary to what Sb.oppee and his collaborators reported 

in 1954, all three reductions, tollowed by chromatograpby, yielded only 

the equatorial epimer, 3lX-aminocoprostane (XIII). 

~-Ft-AcOH 

H 

XI XIII 



13. 

" In 1954, Som and his coworkers published the resulta ot an enen-

siTe study of 3-EDino derivatives of cholestane ( 63) which they consi-

dered of interest bec811se of their relation to the conessine alkaloids. 

The problem of conformation ot the basie group at c( 3) was of partieular 
v 

illportanee. Som. reduced 3-o:rlminocholestane (X) w1 th lithium aluminium. 

lcy'dride 1n a reaction similar to that of Shoppee, and obtained a mb:ture 

of epi.aeric Slllines which he was able to separate and purity by chromato-

graplcy' and repeated conversions to lJ1'droehlor1des. From 9 g. of the 

oxime, 339 mg. of the axial 31X(XIV) (m.p. 88-89°) and 700 :rag. ot the 

equatorial 3ft -(XII) (m.p. 116-117°) aminocholestanes were isolated. 

Li 

x 

The stereochemi cal specif'ici ty ot Hotil:alm reaction, pmved already b7 
v 

XIV 

XII 

Haworth (38), reeeived turther support from the work ot Sorm on Ourtius 

degradation ot cholestane-3}3-carboxylic acid, the configuration of' 

which had be en unequivocally established ( 64). The basic traction 

trom the Curtius degradation was directly methylated to yield the 

expeated 3jJ -dimethylaminocholestane which was identical to the 



compound prepared b;r Hallforth. 

Vanghelovici (65) synthesized 6-aminoeholestane by reductng 3-

chloro-6-oximinocholestane with sodium in ethœol. The hy'drochloride 

and acetyl derivative were also reported. 

b) Aminocbolestenes 

In 19ll, Windaus and .Adamla (41) reduced 3-o:x:iminocholest-4-ane 

(XVI) b;r using sodium in ethaiiOl, and isolated, after acetylation, 

three dif'f'erent substances which they called ex, j3 and r· 

Na1 EtOH 

XVI 

)3 

1 

The traction o< , m.p. 243-244:0 (not the major product) was later 

proved by J'ulian and his coworkers (51) to be 3fi•acetamidocholest .. 

5-ane (XVII). The latter authors degraded 3)3-banzylaminocholest-5• 

ene to 3)3 -amiiiOcholest-6-ene which they oonverted to 3}3 •acetanido• 

cholest•5•ene (m. p. 243°). This last compound has also been prepared 

by several other workers by various ways (42, 43, 66, 67). 



The ideutity ot the t'ractionr(m.p. 190°) was interred trom the 

work ot McKa;y and his collabora tors (53) who degraded 3o<: •benzylamino• 

cholest-5-ane to the corresponding amine, which the;r Q:)nverted to 30(-

acetamidocholest-5-ane (m.p. 184.5°) (XVIII)~ 

xvni 

Bannard and Mc.Kay (43) gave turther confirmation b;r s;rnthes1z1ng d1-

rectly the latter compound trom 3-ox1minocholest-5-ene (XIX). On 

reduction with lithium aluminium bydride, 1t gave a mixture ot epimeric 

3-EDinocholest-5-enes, which on conversion to their N•acet7l deriTa

tives and chromatographie separation ;yielded in a 2 to 1 ratio 3j3-

acetamidocholest-5-ene (XVII) (m.p. 243°,[0(]D- 45°, and 3CX'-acetami

docholest•5-ene (:XX) (m.p. 184.5o,[cx:Jn- 59°. 

15. 
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'l'he more negative value tor the specifie rotation ot theO(-epimer 

stood in contrast to the generally more destrorotatory character of 

3 0(-substituted steroids ( 68). To e::r:plain this apparent discrepancy, 

Bannard and KCK&y envisaged the possibility ot Welden inversion at 

c(3 )• SUbsequentl.y, Shoppee and his coworkers (42) reporied the pre

paration of the above epilllers in m analogous way; no yields were 

given. 3o<-*etam1docb.olest-5•ane had a melting point ot 186-189° 

and [<X] D - 30°. fhis value tor specifie rotation was identical with 

the data obtained previousl.7 by two other groupa ot workers ( -300 ( 67) 

end -31° ( 66)], but was Tery different trOll Bannard aDd JrtcKay''s value 

ot -590. It the specifie rotation ot -30° ia correct, then the 30C• 

epimer is more deatrorotatory than the 3}3, and the bn>othesis of 

Walden inTersion becoaes wmecessary. A8 Shoppee pointed out, 

Bennard and Mc~• s preparation was pro bab~ contaminated with 80Dle 

ditticultlf separable and more levorotatory substance. 

Shoppee (42) assigned to the 1 traction the structure 

16. 
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3oC-acetamidocho1est-4-ene (XXI) (M.p. 1900, [cx.Jn+97°) which he iso-

1ated as one of tour products of the reduction of 3-oximinocholest-4-

ene (XXII) w1 th sod1Uil and ethanol. The other three substances were 

the followiDg: 3 j3 -acetamido cholest-4-ene (xtiii) (m. P• 228-230°, 

(c<] D +7°), 3fi -acetamidocholest-5-ene (XVII) (m. p. 239-243°) and 3fJ

acetam1docholestane (XXIV) (m. p. 240-244o,[oc.Jn +100) • 

17. 
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Na1EtoH 

XXII 

3 0(-acetamidocholest-4-ene (XXI) was also obtained, more conveniently, 

by reduction of 3-oximinocbolest-4-ene (XIII) rith lithiua aiœni:aiua 

h1'dride, which ;y1elded both epillers. Bannard and JI~ (43) iso1ated, 

atter acety1ation and chrœatograpby' of the reduction product, equal. 

emounts of 3 fi -acetSlidocholest-4-ene (XXIII) (m. p. 223.5° ,[ 0(.] D f-

6.20), and 3D< -acetamidocholest-4-ane (XXI) (m. p. 163-164° ,[ Q(..] D + 

105.50). Shoppee and his coworkers (42) separated froa an analogous 

reaction 8Dlall amounts of the ~epiller (XXI) (m. p. 190° ,CocJD + 94°), 

and large amounts ot the 3 j3 -epilller (XXIII) (a. P• 231°, C«J D + 6°) • 

XXIII 



XXI XXII XXIII 

Oatalytic h7drogenat1on of 3}3-acetamidoeho1est-4-ene (lXIII) with 

p1at1num in acetic acid gave 3fi -acetam1docho1estane, and that of 

3 OC'-a.cetem.1docho1est-4-ene (XXI) 71e1ded 3 oc-acetamidocoprostane. 

Two structures he.Te been tentatively assigned to Wind81ls' frac

tion J3 (major product, m.p. 216°). In 1955, Shoppee (67) expressed 

the view that it may be identical w1 th 3 IX-acetamidocho1estan.e pre

Tious1y prepared (m.p. 213°) by Dodgson and Haworth (38) as a deriva

tive ot a Dlinor produet in the reduc·Uon of 3-ox1minocho1est.an.e with 

sodiWII. in 8JQ'1 alcoho1. The 1'o11owing 7ear, however, Shoppee {42) 

postulated that the fraction was 3fl-acetamidocho1est-4-ene (XXIn). 

He reported a me1t1ng point ot 231°, whereas B8IIDard md McKa;y {43) 

gave 223.5°. 

Veey recent~, Evans and SWI!IIers (44) reduced 3-oxim.1nocho1est-

7-ene (XXV) with sodium 1n n-butano1, and obtained atter chromatogra• 

phy, 3 j3-aminocho1est-7-ene (lXVI) as an o11. Reduction ot the orlllle 

with 11th1WI alnmjniwa hydr1de gave, atter chromatograpby, a 1 to 1 

mixture of epillleric 3.J3- and 30C-aminoeho1est-7-ene {XXVII), both as 

oi1s. 

18. 
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The contiguration assigned 'to the 3 0(- and 3_).3-epiaers on the basie of 

the mode of preparation was contirm.ed by their reactions with nitrous 

acid. The equatorial amine (XXVI) was deamin.ated with retention ot 

configuration to 3fi -eydroxycholest-7-ene (XXVIII) , whereas the axial 

amine (XXVII), by trea:tment with nitrous acid, gave 30C-qdro~cholest-

7-ene (::x:x:IX) and cholesta-2, 7-diene (XXX). 

HN02 

XXVIII 
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In a lat er paper ( 69), the au thors established that in the steroid 

series, equatorial amines are deam1D.ated to secondary alcohols w1 th 

retention ot configuration. The mal amines react w1 th retention 

ot contiguration and formation ot secondar;y alcohols accompanied 'by 

el.111l1nation with production ot ol~iDd.c coapounds. 

c? Aainocholesterol 

ID. 1935, Eckhard't ( 70) prepu-ed 7-ean1nocholesterol (XXXI) by 

reduction ot 7-ox1m1nocholestel"fl acetate with sodi'Wil in ethanol. 

His final objective was 7-deqdrocholest erol ( 3 }3 -hydrox;y-cholest-7• 

ene) in view ot its iaportance tor the synthesis ot vitein D:s· 
Themal decomposition ot the SD.ine salt or ot the quaternar;r -.on1a 

derivative was expected to yield the desired product. Instead, 

triple unaaturat1on resulted (A 3,5, 7~. 

20. 
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'1-~nocholesterol, as well as 1ts salta, aelted over a wide range 

ot tsperature, and was constd.ered to constat ot a lllixture ot epi

mers which oould not be separated b7 crystall1zation. However, the 

differences in solub111t1es ot the epiller1c N-acetyl derivatives 

were large enough to allow the1r separation. N•Diaet~l derivative 

waa also prepared by the 811thor. 

In 1941, Windaua and Eck:hardt {'11) took out a patent in wh1ch 

they descr1bed the preparation of '1-aminocbolesterol (XXXI) {m.p. 

167-170°) trom 7-oxtminocholesterol by reduction with sodium in 

ethanol. ?CX- and 7J3-Acetyl der1vat1Tea were reported, but no 

pey-atcal constants were given. 

In 1946, Barnett (28) undertook the preparation ot Tarious 

811li.nostero1ds to be tested as bacteriostat1c agents. He repeated 

Eck:hardt 's work and tound that the epiller1c N-acetyl dertvat iv es 

1solated by tract1onal CITstallization aelted somewhat higher than 

had been reported. However1 Barnett was unable to obtain the p1re 

epimeric bases trcm the related N•acetyl com.pounds. The alkaline 

trea.tlllent did not at:rect the N-acetyl groups, whereas acid hydrolysis 

21. 



was ei th er not ettecti ve or reJIIOTed the am1no group altogether. The 

tree epiller1c bases were eventual.ly sep8l'ated in about 1 to 1 :ratio 

22. 

b7 direct t:ractional crystallization trom methanol-acetone. 7-Amino

cholesterol and i ts reduction produet 70C-aninocholest8ll01 showed 

appreciable antibacter1al activity against Gram-positive organisme. 

Both epime:rs ot 7-eminocholesterol exhibited equal activity. It should 

be not ed that <X and fi notations were used a:rbi trarily by Eckhardt at d 

Barnett. 

d) Aminocb.olestanol 

In the second part othis stucly ot aminosteroids, Barnett (29) 

prepa:red 6-aminocholestanol b7 reduction ot 3ft -aceto::Q'-6-o::z:iminocho

lestane with sodium in ethanol. Also a tew diaminosteroids were produ

ced in a simila:r way-: 3, 7-diaùnocholest-5-ene, 3, 6-diem1nocholestane 

and 6, 7-diaminocholestanol. The diamino compounds proved to be highly 

active in vitro against streptococci and sta~lococci, and appeared to 

possess higher bacteriostatic potency than the monoaminosteroids. They 

also showed considerable antibacterial actiTi ty age.inst certain Gram

negative organisms. No physical constants were reported tor aey ot the 

above ment ianed eompounds or their salt s. 

3. .Amino derivatives ot the androstane series 

a) Ami.noandrostanes end aminoandrostenes 

In an attempt to prepare water soluble androsterone derivatives 

tor pbysi ologi cal test ing, Kal'ker ( 72) made no aaino compounds. 17-

Aminoandrostane (XXXII) was obtained as an oil trom the :reduction ot 3-0C

chloroandrostanone onme w1 th sodium and amyl alcohol. The oil could 



be distilled under high vacuum at 110°, and tomed the hy'drochloride 

in dry' ethereal solution. On diazotation, the base gave 17-hydro:ty

androstane, identical to the product formed b7 the reduction of 30C'~ 

chloroandrostanone with sodium in amyl alcohol. 

H 

17•:hino-3 oc-hydroxyandrostane (XXXIII) was prepared in a sillilar wt!J3, 

tram 3 cx.-bydro:z:yandrostanone o:d.me. The base was obtained as an oil 

which distilled UDder high vacuum at 1250, and fomed a C1"J8talline 

bydrochloride. The base was transformed to the corresponding diazo

nium salt which, on :turtber hydrolysis, gave 3,17-dione identical to 

the dl one produced by the oxidation of 3fi -hydroxyandrostanone. 

HO 
H 

XXXIn 
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In the seme year, "Ciba" took out a patent (73) describing the prepa• 

ration ot 17•8llino•30<.-hydro~amrostanone (XXXIII) tram. 3 CX•hydro:q

androstanone o:.d.llle by two ditterent ways. Catal,.tic qdrogenation 

using platinum in dioxane containing sm.all amounts ot hydrochloric 

acid, gave the hydrochloride salt. The tree base was obtained direct

ly', in 7~ yield, by reduction with sodium in ethanol. No pbysical 

constants ot the products were giTen. 

Ru.ziok&~ ( 74) also prepared 17•smino-30C-bydro:x;yandrostanone 

(XXXIII) by sodillll iD ethanol reduction, and succeeded in crystalliz

ing the base, m.p. 187-188°. The bydrochloride melted at 365° (dec.). 

3.fl-liydro:x;y-17•aminoandrost-5-ene (X:x:x:IV) and its hydrochloride were 

produced !1\)m 3fl•hy'dro:q .. l7-o:ximinoandrost-5-ene in an analogous Wf!l7• 

The hormonal activity ot XXXIII and XXXIV was Tery low. Renee, the 

replacemœt ot the hydro:x;yl group 1n 17-position b;y amino group mark:ed

ly reduced the physiological properti es ( 74). 

rmv 

'l'he latter compound was also deseribed in two patents. "Ciba" (75) 

reported 1 ts preparation b;y the reduction ot the correspo:ading ox:l.me 

b;y allœ.li metal in alcohol. A therapeutical use tor this substance 

was mentioned. "I. G. Farbenindustrie" (76) produced 3,8-hydro:q-17• 
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aainoandrost-5-ene (x:x:nv) by Beck:œann rearrangement ot acety1pregneio-

lone oxime. (No p~sioa1 constants) • 
... 
Sorm and J'oslœ carried out the syntheses ot tour nitrogen analogs 

ot androgenic hormones (77) in connection with their work on the prepa

ration and properties ot basic derivatives ot steroids (33, 37, 52, 63). 

3 J ,17/3 -Diaminoandrost-4-ene (XXXV) was produced traa. 3}3 -~droxy-17-

ketoandrost-5-ene (XXXVI) by the WallacA moditication ot the Leuckart 

reaction, to11owed by reduction ot the oxime (XXXVII) in 3-position with 

zinc shavings in acetic aeid. Attempts to reduce the oxime with lithium 

aluminium hydride ta11ed, and resu1ted in the recovery ot the unchanged 

material. 

HO 

XXXVI 

oxidation 

0 

0 

CH 

HC11 Et OH 

{ 
-+-;-r NH. OCII 

V Oppenauer 
...;;;..;;"----,!i)JI~ 



Zn,AcOH 

HON 

m:vn lD.V 

3j -Am.ino-17}3 -hydro:z:yandrost-4-ene we.s prepared from. the related 

o:rlme by reduction with zinc in acetic acid. The :tree base could 

26. 

not be cr.rstallized and was characterized as acet1c acid salt (XXXVIII): 

e ® 
AcO H~ 

XXXVIII 

OH 

3}3-.Am.ino-1~ •hydroxy8lldrostane (XXXIX) was obtained from the cor-

respond1Dg oxillle bY' reduction w1 th sodium and ethanol, and 3 s -aaino

andioost-4-ene (XL) was obtained, as an o11, from the related oxi.Jie 

with zinc and acetic ac1d. The 3 J3 configuration 1n xxx U was allot

ted by the authors on the basis of 1ts mode of preparation. 
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DXIX 

" .All tour amino compounds prepared b7 Som and JOsk:a were devo1d ot 

biological act1v1t7• 

In the nineteen tort1es, Ruziolca:~ and his collaborators carried 

out researches concerning the relationship between the odour and the 

constitution ot steroids (78). In particular, the Swiss group studied 

several natural and synthet1c hormonal compounds ot the androstane 

series, and tound soma ot thEIIl to exhibit "urea-lik:e" odour. Among 

various substances, 3-BJRinoandrost-16-ene (XLI) was prepared b7 re-

duction ot the correspond1Dg o:xiae with sodium and ethanol, and was 

tound to be odourless. 

H 

XLI 
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b) Amino-D-homoandrostanes 

In the course ot structural studies concerning the enlargement of 

ring D upon hy'dration ot c17-acetylenic derivative, Ruziczlœ. (79} was 

led to rednce 3,17a•dihydroxy-17a-methyl•l7•oximino•D-homoandrostane 

to the correspondiug 1'1-amino compound (XLII) using platinum 1n acetic 

actd. 

HO 
H 

XLII 

The axial conformation was assigned by Shoppee and Kl.yne ( 80) to the 

aai.no group in XLII on the basis of the work ot llcNiven and Read ( 61) 

perta1n1DS to the behaviour of JB.enthylaBiloniWI hydroxides on decompo

sition. 

Da.ring a study of the methods tor the conversion of D-homo

steroids into steroids, Shoppee and his coworkers ( 60} prepared two 

series ot epimeric hydrox;yamines by reduction ot the corresponding 

o:x:imes. In the tirst series, 17f3 -smino-3)3 -17aO<•dibydro:x:y-17a

methyl-D-homoandrostane (XLLI:t) and its 17aOC-ep1mer (XLIV) were ob• 

tained by catalytic hydrogenation with platinum. in acetic acid, ac

cording to Ruzicka.~s method (79). 



HO 
H 

XLIII 

The conformations ot the substituents in ring D were con:t'imed by 

deaminat ion ot XLIII w1 th ni trous acid to give an eporlde (XLV), the 

structure ot which had bean elucidated by several groups of workers 

(79,81,82,83). The conto:mations in lLIV were detem.ined by Kl.yne 

(84) who identi:tied the product o:t' deSII.ination o:t XLIV as 3j3-hydro:JY-

17a-ketone (XLVI)& 

c~ 0 

{ { ••••• CH3 

... 

XLV XLVI 

!he second series was produced by sodium 8IId propanol reduction 

and gave 17~-811lino-3fl, 17aOC-d1hydro:JY-17a-meteyl•I>-homoandrost-5-

ene (XLVII) and its 17aj3-ep1mer (XLVIII): 



HO 

OH 

U.VII XLVIII 

'l'he equatorial oontorma.tion was assigned to the amino groups in XLVII 

and XLVIII on the basis ot their mode ot preparation (39, 40). I:t 

auch were the case, the stereo-electronic considerations (transition 

etat e requiring coplanari ty ot the centres involved) , suggested that 

both XLVII and XLVIII should undergo deamination with rearranga.ent 

accompanied by ring contraction to 17-isopregnenolone (IL). In tact, 

XL"VIII gave IL 1n good yiel.d upon treatment w1 th ni trous acid, but, 

surprisingly, XLVII yielded mostly 17oc, 17aOC.-epo:d.de ·1r.). 

OH 
..... C% 

{ ·····~ 

XLVIII IL 

c~ 

{ 
••••• NH2 

BN02 

XLVII L 
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4. Aminopregnanes 

Recently, Ramirez and Statiej (85) studied the stereochemistr.y 

ot the enlargement ot the ring D by deamination w1 th nitrc:JIIi.s acid ot 

a steroidal 20-amino alcoho1 having an as~etrical centre at C20• 

3 j3, i 7o<•IJ.hy'droxy-200(-8JIIinoallopregnane (LI), together with a smal1 

amount ot 20)3-epi.mer, was obtained by the catalytic reduction ot the 

re1ated 3-monoacetate-2Q-oxime using platinum in acetic acid. 

LI 

The 200!-configuration was assigned to the predominant, higher malt-

ing isomer, on the basis ot the more 1evorotatory character ot its 

acetate as eompared to that ot the 20)3-epimer. The authors also 

prepared, in an analogous wey, a 20-amino alcoho1 having the 1'V3-

h;rdro:x:y contiguration (86). Catalytic hydrogenation ot 3-monoacetate-

2Q-o:x1me yie1ded stereochem.i cally pure 3)3 , 1 "l'-3 -dibydro:q-20 ft -am.ino-

17-isoallopregnane (LII). The 20)3-contiguration was allotted on the 

basis ot mechanistie considerations ot the course ot the nitrous aeid 

deamination ot (LII), the produet ot which was shown to be the more 

stable 3/3 -h;rdro:x;r-17o/3 -meth;rl-D-homoandrostan-17-one (equatorial 

~) (LIII): 

31. 
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H H 

LII LIII 

In the course o:t their etudies on the constitution ot eonessine, 

Haworth and his coworkers (36) synthesized several amino derivatives 

ot steroids and 1dent1tied them with certain degradation products ot 

the alkaloid. They prepared, amng other substances, 3}3-dimethy'lami

noallopregnane (LIV) :trom 3-o:rlminoallopregnane by reduction with 

sodium and amyl alcohol. No pbysical constants were reported tor the 

intemediate 3)3-aminoallopregnan.e which was methylatad in cruda state 

with tormic acid and :tormaldehyde. 

32. 



The cont'omation ot the 3-dimethylamino group was contirm.ed by a Hot'-

mann degradation. 3 j3-Dimethylam1noallopregnene was recovered unchanged 

t'rem this reaction in high yield, whereas the 3 oc-epim.er yielded allo-

pregnene, as expected. 

'l'he isomerie bases of the normal pregnane series were synthesized 

by Shoppee and his collaborators ( 6'1} in connection w1 th the etudies 

of the replacement reactions at c(3} in A 5-steroids. 3o(-~1nopregnane 

(LV) was prepared by reduction ot the corresponding o:rtme (LVI) with 

sodium and ethanol. The epimeric 3fi•aminopregnene (LVII}, was the only 

procluct isolated t'rom the lithium aluminium hydride reduction ot the 

olime. N,N-Düœetbyl- and N-acetyl- derivatives ot' both epimers were 

also pt'epared by the authors. No yields were reported t'or the above 

products. 

.... dJ 
~N H 

LV 

Na1 Et OH .... 

c~ 

H 

LVI LVII 
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5. Amino-oestra-1,2,5(10)-trienes 

Lettré (87) carried out the reduction of' aquilin oxima (LVIII) 

with sodium in athaJJ01, and obtained 17j -am.ino-~droxyoestra-

1,2,5(10)-triene (LIX) tor whieh naither p~stcal constants nor ana

lysis were giTan. 

NA, Et OH 

LVIII LIX 

The preparation of' the same ex>mpound LIX was reported earliar (88) 

by sodium in ethanol reduction of' oestrone oxiae. Pb7s1cal constants 

and analysis were not given. 

Lettré also synthesized (87) 7j' ,17j -d1amino-3)3•b7droxyoestra-

1,3,5(10)-tr1ene (LI) by reducing 7-ketooestrone dio:D.Dle in an analo

gous way (no pby'sical constants or analysis) • 

HO 
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3Jot LX per oc. wu touù. '\o briq about vacuolizatioa ot claiok àean 

tibroTüaat. Who the b7dro:xyl group at c( 3 ) was replaced by a methoxy 

group, the rewlting der1Tat1ve 1nhib1ted mitosis in doses ot less then 

1 r per cc. 

6. Shroids conta1n1ng a nuelear nitrogen atom 

Bolt (89) synthesized two steroidal eompounds possessing a nuclear 

n1 trogen atom in ring A. The base Da was obtained trom cholest~ene-

3-one (lXII) which on ozonolysis, gave the ketocarbo:qlic acid LXIII in 

good neld. The oxime ot the ketoacid was then reduced w1 th sodiua and 

ethanol to the lactu IJŒV which was turther reduced with sodiua aDd 

35. 

amyl alcohol to LXI. An analogous series ot reactions w1 th testosterone 

acetate (androst-4-an-17-aceto::zy-3-one) (UV) yielded the base LXVI: 

lXII: R = CaH17 LXIII 

'I:/3: R = OCOCH3 

H 

LXIV 
lXI: R = CaH17 

IXVI: R =OH 

R 



7. Jmino derivatives ot bile acids 

It is weil known that the bile acids (90) and their salta (91) 

exhibit bacteriostatic action in vitro, and this tact has motivated 

the syntheses ot basic derivatives ot these acide. 

The imroduction ot saino groups into the nucleus has been 

chiet.cy acc011plished by reduction ot the corresponding olilles w1 th 

sodiWil and alcohols (27, 30, 31, 92). A taw basic derivatives ot 

bile acids tomed in this maJmer and some ot their esters were tound 

to exhibi t anti bacterial activi ty ( 31). 

The tiret steroidal 8Jiino acid, ll-811lino•l2-ketochol.al1ic acid 

(I;x:VII) was synthesized by Reichsteill Emd Bamett (93, 94) t during 

their studies on the keto function in the 11-position ot the steroi-

dal nucleus. Those workers reduced methyl 11-oximino-12-ketochola-

nate (lXVIII) by Raney nickel undar 80 atm. pressure at 100°, and ob

tained the related hydroxylactam. (lXIX} which upon ~drolysis with 

~droiodic acid, yielded the amino acid (LXVII): 

0 

N1 

H H 
0 

LX'IIII LXIX 

H 

LXVII 
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The amino acid was identitied b7 meens ot 1ts methy1 ester and N

acety1 derivative. 

In 1946, Webb and his coworkers (27) begen a series of investi

gations re1ated to the syntheses of basic der1vat1Tes of various 

~dro:q cbo1EIId.c acids. Tiro coçounds containing 811liDO groups in the 

nucleus were prepared. 7 ~ -Mino-3, 12-di~dro:qcho1811lic a cid lcy'dro

eh1oride (LXX) (m.p. 265-267°) was obtained tr011 the correS.JPnding 

oxime by reduction with sod1UJR in 8Jil1'1 alcoho1. A diaaino-keto-acid, 

presumab~ 3~, 7~ -d1amino-12-ketoeho1amic acid dihydrochloride (LXXI) 

(no melting point given), was prepared trom the tr1ox1me, derived trec 

dehydrochol1c acid, by an analogous process fo11owed by the removal of 

the residuel oxiJiino group. The canfom.ations ot the sino groups 

were not ascertained. 

HO 0 

H 

The above emino acids were inactiva in vitro against Sta~1ococcus 

aureus and Lactobaci11us he1veticus. 

3'1. 



In 1949, Webb's group {31) prepared two 8Jiino derivatives ot 

by'droxychol8Jl.ic acide conta1n1ng the basic group in 3-position. 3 ~

.Amino-7,12-di:by'dro:.xycholanic acid hydrochloride (LXXII) {R = H), and 

3j -am1no-12-hydroxycho1anic and hydrochloride (LXXIU) were prepared 

by reduction ot the correspondi:ng oxillles with sodium and amyl alcohol. 

In the preparation ot LXXII, a second crystalline product was obtained 

whieh contained no nitrogen and was not 1nvest1gated turther. The con-

formations ot amino groups were not determined. 

8@ 
Cl H~ H 

HO 

LXXII 

8® 
Cl fi3N 

HO 

H 

LXXIU 

The 1so8Diy'l ester ot 3j -amino-7, 12-dibydroxycholanic acid (LXXII; 

R = iso-c5H11), showed marked activity against Stapbylococcus aureus. 

In the s811le year, a group ot French industrial workers (30) 

described the preparation ot tive monoea.inosteroids in the by'droxy-

cholanic aeid series by reduction ot the related ox~es. Two ot those 

eompotmds had been preTiously synthesized by Webb and his coworkers 

(27, 31) and isolated as by'drochlor1des. They were the tollowing: 

7 J-emino-3 o(, 12~-dihy'droxycholallic acid hy'drochloride (In), m. p.: 

Webb' s 265-267°, French group • s 2750, and 3 ~ -amino-7 oc, 12 IX.-dibydl'o

xycholanic acid hydn>chloride (LXXII). The French workers were also 

38. 
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able to obtain the above two compounds as tree amino acids. other 

products prepared by the sam.a group were 3 j-aninocholanic acid (lXXIV), 

3~ -am1no-12oc.-hydro:xycholanic acid (LXXV) and 12~ -8Dl1no-3 ex, 7e<

dihydro:xycholan1c acid (LXXVI). The authors did not attem.pt to separate 

theO<andfi epilllers, nor did they ascertain the conformations ot the 

811lino groups: 

HO 

H H 
IKXIV 

!JO H 

LXXVI 

N-Acetyl derivatiTe ot LXXIV, and hydrochlorides of LXXV and LXXVI 

wera; also prepared. 

The anthors tried unsuecesstully to reduee the o:rlminoacids in 

ethanolic solution by catalytic hydrogenation under pressure using 

Renay nickel. When methy'l 7-orlmino-3 «,12 o<.-diformo:xycholanate 



HCOO 

{UXVII) was subjected to this treatment, two pure compounds were obtained 

atter chromatography'; the major one was 1dent11'1ed as methy'l 7 .. anm!mo-

3 «:, 12 <X-dihydro:x;rcholanate (LXXVIII), and the other was postulated to be 

methy'l 3, 7-d1hydro:x;y .. l2-1'omox;ycbolanate {LXXIX} on the basis of the ana

l.ytical resul1; and absence of nitrogen. 

HCOO HO HCOO 

) H2 
+ Ni 

. . . . . 
H 

HO HO H H 

LXXVII LXXVIII LXXIX 

In the first case, the reaction resulted in a complete defol'JQ'lation 

with formation ot LXXVIn. In the second case, partial deto:rmylation 

occurred and the•ime group at C('7) we.s tre.nstom.ed to e. secondary al

ooho1 through the intermedie.te ot ketimine and ketone. The meehe.nism 

ot the tomation ot a secondary alcohol from an oxime was based on the 

r9sults ot Mignonac (95, 96}, who he.d studied reductions ot oximes ver.r 

extensively. He had been able to isolate and identif'y certain products 

toraed in the re4uct1ons ot Tarious ketoxillles. Ketimines were tound 

l 



to be key intermediates in the reduction process, and the ratio of major 

products to secondary ones ( e.g. seconda.ry amines, ketones, secondary 

aleohols) depended upon their stabilities. Paul (97) 1solated eyelo

hexanol as a side produet in the catalytic reduction of cyclohexnone 

oxime to cyclohe:xylamine. 

41. 

:U:cPhillamy and Scholz (98) used the Hotlllann degradation of an amino

compound as a means of introducing a double bond into steroids. In order 

to prepare a 6 "-steroid, they synthetized 3 o(-hydroxy-12 ~ •eminocholmrlc 

acid (LXXX) by reduction of the corresponding oxime with sodium and iso• 

amyl alcobol. 

HO 

. . 
H 

In 1954, the reduction of 30(-hydroxy-7,12-dioxtminocholanic acid 

to 3 oC-bydroxy-7 5,12 ~ -d1am1nocholan1c ac id (UXXI) was reported ( 92). 

The beat yield was obtained with sodilDil aaalgam; sodium 1n ethanol or 

Raney nickel gave poorer yields, and catalytic hydrogenation using pla

tinum failed altogether. 



HO 
. . 

H 

a. .Amino de:Mvatives of eapogenina 

Recently, Heusser and his coworkers (99) studied the mecbanism 

of Demjan.ow de811l1nat1on. 

Previously, Shoppee and his collabora-tors {SO) had investigated 

sem1p1nacol1c deaminaUon of several epilleric o<-bydroxy 8Jil1nes in the 

D-bomo-steroid series (cf. p. 29'). The eu thors postule:ted, on the 

basis of stereo-electronic considerations, the operation of a process 

1nvolving a diazoniwn ion rather than a carbonium ion interm.ediate. 

The work of the SWiss group provided addi tional evidence support

ing Shoppee's view. For their s'tudy, Heusser and his coworkers chose 

an amine which in case ot rearr~ement would yield a lmown product. 

This amine was prepared trom heoogenin oxime by reduction with sodium 

and prepanol. The equatorial confomation ot the sino group in the 

reduction product, 3fo-eydro::q-l~-amino-22a, 5 0(-apirostan (IXXXU), 

waa assigned on the basis of the mode of preparation (40, 39}. 

42 • 



43. 

HO 
H 



Correlation ot infrared spec~ra with the structure ot SOllle 

keto and Di~rogen deriva~ives ot steroids. 

1. Intrared abaorp~ion spectra ot ketosteroids, bile acide and 
~heir esters 

A survey ot the 11 terature shows that a number ot spe~re. ot 

methyl and ~hyl esters ot bile acide have been recorded, bu~ only 

a tn spectra ot tree acide hue been detemined. The measurements 

have been carried out in solution. In this connection, it should be 

poin~ed ou~ that carbonyl stretching vibrations being solvant sensi-

~ive, are displaced to l0r1er trequencies in chlorotom, as compared 

with carbon tetrachloride and carbon disultide solu~ions. 

Son es, Ibbriner and their coworken (lOO) recorded the spectre. 

ot several l:J;ydroxy- and po}1'hydroxy-cholanic acid esters. The 

authors studied particularly the c-o stretching Yiltrations ot the 

carbonyl group ot the carboxylie esters which were responsible tor a 

band observed at l742cm-l in carbon disultide and at l732cm-1 in 

chlorotorm solutions. On the other hand, the position ot the carbo• 

nyl maximum in the ketosteroids is known to be in the range 1754-1666 

cm-1 , so ~hat some overlappi:cg can occur betwean the two bands, due 

~o the keto tunction in esters and ketones. Theretore, the ditteren-

tiation between a ketosteroid and a steroid ester is not alw&Js possi-
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ble in this region ot the s)ectl'WI. The earbonyl group ot a carboxylic 

ester was tound to be lesa sensitive to the position ot substitution 

in the steroidal nucleus than the carbocyl group ot the keto tunction. 



r 

The experimental eVidence ot the influence of the molecular 

environment on the trequency of the c-o stretching vibrations in 

dicarbonyl compounds shawed that no interaction existed between 

carbonyl groups at positions 3 and 17, and 3 and 20. However, dis

placements of absorption ma::z::1ma to higher trequencies were observed 

wh en the keto groups were separat ed by not more than two carbon 

atOIIIS ( 101). 

The authors ( 102} dEIII.onstrated the usetulness of correlations 

between carbonyl band intensities and moleoular structure. In di

and poly-carbonyl compounds, the carboDYl 1Dtensities are essentially 

additive. Intensity measurements in solutions, therefore, p8l"Sit the 

num.ber of carboDY"l groups 1D a compound to be detel'llined even when 

the bands overlap completely. 

The study of intrared absorption spectra ot carbon disultide 

solutions of a number of ketosteroids and steroid esters inferred the 

carbonyl band maxima tor specifie positions in the nucleus or 1n the 

side chain. The band at 1719-1717ca-l was assigned to 3-ketone, at 

1719~-1 to 7-ketone, at 1716-1710ea-l to 11-ketone, at 1710cm-l to 

12-ketone, at 1726ca-1 to 11,12-diketone, and at 1742-1735cm-l to 

alky'1 esters of cholanic, norcholanic, biS1lorcholan1c and related 

unsaturated acids {101). 

In a later study, (103} four steroid carbo::z::ylic acids were e::z::a

mined in carbon disultide solutions. Tiro of them were derivatives 

of oestra-1,3,5{10)-triane and showed maxima at 1704-1703am-l, and a 

weak: band at 1750-1748cm-1• Etioallocholanic acid had a ma::z::imum at 

1703cm-1 and a weak band at 1754cm.-1; cholanic acid emibited a stro~~g 



band at 1710cm-l. No interpretation was given tor the weak com.ponent 

bands observed 1n the spectra or three or the acide. It should be 

noted that multiple absorption bands had been J:"ecorded 1n thi* 

region ot the spectrum in the vapour spectra ot simple carbo:zylic 

acide (104). 

Jones and his collaborators (105) have recently studied the in

:rrared spectra or Jœtosteroida below l3:50cm-l• and were able to esta

blish certain correlation between the location ot tunctional substi

tuents, unsaturation and position or the bands. HoweYer, the region 

1800-1650cm-l is still preterred tor the most etteetive characteriza

tion or these compounds. 

Wootton (106) examined the intrared spectra ot a nWilber or esters 

ot bile acids, and soma related carbinols which had aarkedly different 

aide chain s. He tound that all spectra exhibi ted close resemblance in 

the range 130Q-900cm•l. Theretore, the Talue ot the "fingerprint 

region" tor unequivocal identification or compound.s was rendered 

doubttul, especially tor substances not highly puritied. Inveatigated 

materials could be distingu1shed only in the 1500-l300cm-l methylene 

and methyl C-H bending region. 

2. The intrared spectra ot onmes 

The intrared spectra ot severa! oxill.es have been reported, but a 

review ot the literature seems to indicate that no such etudies have 

been earried out in the steroid series. MOst ot the substances have 

been investigated as mulla in parattin oil or in solution. 
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'l'here are tour spectral regions ot 1nterest in connection with 

oximes, and they are related to the OH stretching mode, 0 -= N vibra-

tions, OH detormation (beDding) and N-o stretching vibrations. 

REGION I .. 

The O-H stretching mode occurs in the range 3500-3200cm-1 , de-

pending upon the degree of association through hydrogen bonding 

( 107, 108, 109) • The higher frequency values correspond to :Cree OH 

valence vibrations. It is not known whether the hydrogen bonds are 

ot N-R-0 or R-Ow-H type. 

Palm and Werbin (109) investigated several isomerie oximes in 

the solid state and in solution. They were able to differentiate 

between ec and fi isomers on the basis ot the associated OR trequency

whtch was l.ower in thefl (near 3115cm-l) than 1n the <X. (3250cm·l) 

isomer. 

REGION II-

The C : N stretching vibration occurs within the range 169Q-

1640cm-1 (llO). Aliphatic oximes have an absorption band near 1670 

cm-1 and a displacement ot 30-40cm.-l towards lower trequency tak:es 

place in aromatic compounds. The c:. N :Crequencies are independant ot 

ring substitution (109). Cyclohe:xanoneo:xim.e shows a strong band at 

1669am-1 (111). The C = N absorption bands are sometimes ot low 1n

tens1ty-. .An e:xplanation was oftered by- Goubeau and Fromme (112) who 

asSUllled the existence ot the tollowing resonance stroctures I and II: 

~ .... 
)C = N(~-R €<--)31Jo. )O - N • O-H 

I I I 
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The tom I must be predominant because ot its lower dipole JIOJ!lent. 

HoweTer, the contributing nitrone :tom. II reduces the cbuble bond 

oharacter of the C-N linkage, which resulta in the weakening o:t the 

absorption band due to C • N vibration. 

REGION III -

The o-H bending (deformation) mode has been :tound between 1440-

1020cm-l by various workers (113, 114, 115). The work ot Voter and his 

coworkers (116) using 1,2-cyclohexanedione dioxime and 1,2-cyclohep

tanedione dioxime as aulis, showed that deuteration ot the above 

onmes cauaed the disappearance ot a strong band around 1300om. •l, 

which wou1d then correspond to the O-H bending mode. 

More recently, Pal.m and Werbin (117) studied the spectra ot iso

merie substituted benzaldoximes and their 0-aethyl and N~ethyl ethers 

in the solid state and in solution. The solution spectra ot <X-1saners 

showed a band at 1265cm-l which the authors assigned to the 0-H bend-

1ng mode, and tentatively to the in-plane O-H bendi.Dg. It the above 

assignments are correct, 1t toll.ows that there 1s a shitt o:t the band 
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in solution towards a lower trequency ( trœ. around 1300cm-1 to 1265CIII.-l). 

This phenomenon had been observed by other workers (118, 1191, in the 

o-H bending region where the ettect ot hydrogen bonding 1s opposite to 

that in the o-H stretching region. 



REGION IV 

-1 The N-O stretching vibration has been assigned to 940-900aa 

(ll2, 117, 120, 121, 122) and to 85o-soocm.-1 (ll7, 122, 123, 124, 125) 

regions. Bands in the latter region have been allotted by HadZ1 (126) 

also to the o-H out-of-plane deformation mode on the basis of their 

disappearance upon deuteration from the spectra of benzoquinone onme 

and 1, 4-naphtaquinone o:rlme. 

Dioximes 

Voter and his coworkers (ll6) reported the spectra of the diorl-

mes of 1,2-cyclohexanedione, 1,2-cycloheptanedione and 2,3-butanedioDe 

taken as mulls in nujol and in pernuorokerosene. Absorption aarl:ma 
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corresponding to C = N stretching vibrations were of very low 1ntensity 

and presented a single band in all cases. 

D.eyckaerts (127) recorded the speetrwn of dimetbylglyoxi.me in the 

solid state taken in paraffin oil. The absence of any bands due to 

C :: N stretching vibrations was attributed to a strong eydrogen bond-

ing. 

3. The inf'rared spectra of amino acids and their bzdrochlorides 

The infrared etudies of amino acide have been carried out qui te 

extensivel.y, mainly beeause of the stimulus provided by the biologieal 

illlport;ance of these compounds. The literature concerned has been re-

viewed during the past tewyears by several authors (128, 129, 130). 

a) MOnoamino acide 

Moooamino monocarbo:x;ylic acide 1Vhich normally exist as dipole 

- +) ions (-ooc •••••• NH3 show eharacteristic absorption in tive spectral 



regions. Because ot their general!~ 1ow so1ubi1ities, they have been 

investigated mostly in the so11d state in the tom ot suspensions in 

parattin o11 or as fused :tU.ms. 

REGICN I 

+ 
A broad b~d between 3180 and 3030CJR-1 has been assigœd to NH3 

stretcÀllng vibrations. This is be1ow the usual N-H stretching region 

350û-3300cm-1• The pr.lmary aliphatic amino acids show absorption 

between 2630 and 2600em-l (131). A band at 2100 ca-1 has besn observed 

in the spectra ot the sill.ple Elllino acide (132). 

REGICN II 

Weak bands have been obserTed in the 300Q.o2000cm.·1 region in the 
... 

spectra of most 81lino acids. They seam. to correspond to the NB3 group 

si.D.ce the hy'drochlorides also absorb in this range. 

REGICN III 

'l'wo bands in the ranges 1640-1535 and 152Q.o1490cm-1 have been 

+ identified w1 th N-H bending vibrations, . wh1 ch correspond to the ~ 

structure. Absorption at higher frequencies has bec re1ated to the 

symmetr1cal. vibrations and those occurring at l~wer frequencies to 

unsymmetrical vibrations. The 1ower ot the two bands is usually' more 

intens~ However, the over1apping strong absorption ot the carbo:q-

1ate ion between 1600 and 1650cm-1 may obscure the bams due to the 

+ 
~ ion (128, 129, 134, 135, 136). 

REGIŒ IV 

A strong band between 160Q-1550cm.•1 was toud to eorrespolld to 

the ionized carboxy1 group. This bend is suppressed upon formation 
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of a eydrochloride, whereas the act d carbonyl group ab sor bi Dg in the 

rauge 1750-1700aœ-l 1s released. 

A convenient method of contil'Jia'tion ot identitication ot the 

+ bands correlated to the NH3 group in the regions 1640-1535, 1520-

1490ca-1 is accessible in this aanner. 

REGION V 

An unassigned band near 1300cm-l has been tomd to be present in 
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most spectra of Emino acids. However, i ts value for the identification 

purposes seans to be doubttul. 

b) Amino acid eydrochlorides 

+ Basides the above men:tioned bands of the ~ group, the hydrochlo-

rides have appeared to exhibit specifie absorption in the rmge 3050-

2000am.·1. 

According to Randall and his coworkers (128) a series of benda 

between 3030 and 2500cm·l, and also in the 2140-2080ca-l region has been 

shawn by aost aaiDO acid hydrochlorides. 

In their study of aliphat1c pr11la17 amines and their acetates and 

bydrochl.orides, Depas, Khaladj1 and Vergoz (13.3) obserYed bands in the 

range 2565-2400cm-1 , and near 200oca·1 in the spectra of the sei. ts. 

Sandorty (130) reported that •1ne salta show two or more bands 

-1 
between 2800 and 2000cm wh1ch mey be quite characteristic of a given 

compound. 

As already mentioned above, the carboxylate ion absorptiœ (1600-

1550em-l) is replaced in the hydrochlorides by the one due to the car-

bony! group ( 175Q-1700ca -l) • 



c) PGl.yamino mouocarbo:zyllc acide 

Siuce in po~am1DO aonocarbox;ylic acide onl.y' one amino group par-

ticipates in the to:.caation ot dipole ion, the spectra ot these compounds 

would be expacted to show the absorption character1Btic ot a tree Slllino 

+ group in addition to that due to the ~ structure and to the carboxy-

late ion (coo-). 

The prime.ry smino group has been known to give rise to the N-H 

stretchiDg vibration in the r&.I8e 350Q-3300em-1 and to a band in the 

region l650-1560aa-l relative to N-H bending v1bration8 (128, 129). 

Comparatively little is Jmown at present about those complex com-

pounds. Ornithine, which is a d1811linocarbo:xylic acid, has been studied 

by Larsson (131) in the torm ot its hydrochlor1de. Surprieingly, the 

spectrum. showed a band at 1550cm-l, even though the carbo:xylic group was 

unch8Jlged. + Arginine, wbich contains=NH as well as NH3 groups, shœed 

stroDger abeerption in the range 1615-1590am.•l than monoaminocarboxylic 

acide. 

d) Steroidal amino acide 

A survey ot the li terature shows that the intrared spectre. ot 

steroidal a111Do acide and amines have bean recorded only in two instan-

ces. 

Hausser and his collaborators (137) reported the spectrum. ot 3J3• 

hydrox,r-130( -amino-13, 17-seco-androst-5-ene-17-acid (:caaan) prepared 

according to a German patent (138): 
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COOH 

LXXXIn 

The spectrum tak:en in œjol contained the tollowing baads 3330cmt1 
(m) 

(IINH, IICH-oH), 2llO and 1657am-l (m) (betain), 159oaa·1 (;s) (coo•), 

1557 and 1308œ-l (5) (amino acid). 

])lr1ng a study or Demjanow deemination, Hausser and his coworkers 

(99) were led to quthesize an aminospirostan (LXXXII) whose intrared 

spectrum they obtained. The :t'oll.owing bands were obserTed: 3380cm-l 

(m) ( c-oH, C-NH) and 1645œ ... l (a) (~). 
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msœSSION 

Part I - The Mannich reaction of ketosteroids 

It is known that the acti vi ty of acidi c hydrogena in subst1 tut ion 

reactions, e.g. replacement by a ha1ogen or by a metal, determines the 

ease with which a substance participates in the Mannich condensation. 

The objective of this phase of the present research was to study" 
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the reactivi ty of hy'drogen atome in rings A and B of soma steroidal 

ketones in the Mannich condensation. Theae hy'drogen atoms were adjacent 

to the activating keto groups in positions 3 or 6, or both. The keto• 

steroids were derived from cholesterol and belonged to the unsaturated 

and aaturated groups. The tonner group included cholest-5-en-3-one, 

4,4-diœetbylcholest-5-en-3-one and cholest-4-en-3-one. During the course 

of the work, it was felt tbat the high degree of reactivity of the methyl

ene group in 4-position in cholest-5-en-6-one might haye been responsible 

for rapid formation of oily materials under varied condi tiona. It was 

decided, theretore, to examine the reactivity of the methylene group in 

2-position in a compound in which the position 4 would be rendered 

inactive. This was aeeomplished by methylation ot eholest-5-en-3-one. 

The resulting 4,4-dimethylcholest-5-en-3-one pro'fed to be totally unreac

tive in the Mannich reaction under conditions analogous to those used in 

the case of i te precursor. 

The investigation of cholest-4-en-3-one was undertaken in view of 

the importance of the "il 4-3-one" type of compounds in the classes ot sax 

and adrenal homones. The stability of the above structure is due to the 

conjugation present in the molecule. It is known that cholest•5-en•3-one 

easily iEomerizes to cholest-4-en-3-one w1 th the migration of the double 
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bond to the position of conjugaUon with the keto group. In the Mannich 

reaction, the latter ketone beha.ved sillilarly to testosterone (18} and 

progesterone (18), tailing to give any 4efini te condensation products. 

The attention was then directed to saturated ketones. In this group, 

cholestan-3-one and cholestane-3,6-dione were studied. By analogy with 

acid-catalyzed halogenation ot ketones (139,140}, which is an electrophi

lic substitution, it was presumed that the Mannich condensation would pro

ceed through the enolization ot the campounds und er investigation. In the 

unsaturated ketones, the enol form is stabilized by two conjugated double 

bonds. 'l'his etfect is absent in the saturated ketones which were, there

tore, expected to exhibit lasser reactivity w1th respect to their acidic 

hy'drogen atoms. In tact, cholastan-3-one and cholestane-3, 6-dione d1d 

participate in an abnomal Mannich reac1ïion with tomation ot the corres

pond1ng methylene-bis-ketones. These reactions occurred in the presence 

of sacondary Bllina hydrochlorides. Unreacted ketonas were recovered when 

tree aminee were used instead ot their salta. Analogous resulta were ob

tained when the ketones ware allowad to react with parato:rmaldahyde in 

neutral or acidic media. 

1. Mechanism ot an abnormal Mannich reaction 

A consideration ot the experimental evidence laads to the postulation 

of two mechan1Sils by which cholestan-3-one am cholastane-3, 6-diona m~ 

react w1th :tormaldebyde. The tiret schema (Fig. 1) 1s presumed to rapre

sent an ab normal Malmich condensation ( e.g. cholesten-3-one) in an acid

base catalyzed system.. Although proot of an intermediate Mennich base 

is lacking, several similar reactions leading to methylene-bis~olecular 



compounds are known to respond to alkaline and acidic catalysis in much 

the seme m.anner as the Mannich reaction (14, 19, 141, 142, 143). 
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The outlined schema suggests the toma:tian ot the carbonilDl ion X 

from fomalde~de and a secondary 8Jii.ne through the intemediate of either 

.methylene-bis-amine V, or metbylolamine VI. This cation ccmbines then 

w1 th the anion IV derived troa the katona, as in a normal Mannich reaction. 

Formation ot the aation X is promoted by ~drochloric acid, and that of 

the anion IV by the amine present in the system.. In the next step, the 

cleavage of the carbon-nitrogen bond is assumed with the losa of 811line and 

fomstion of the carbonium ion XII. Such possibility had been clearl.y 

demonstrated by Hellman (16), who reviewed and studied extensively the use 

of Msnnich bases tor alkylations. In the final step, the cation XII con

denses with the anion IV to give the methylene-bis-ketone XIII. The 

effective concentration of the acid required •87 be ver,y law. In tact, in 

a 110n-aqueous medium, a salt ot an added amine is onl.y s11ghtly ionized. 

The acid is d1str1buted among all the bases present in the reaction system 

(reactants, intarmediates, products), and aay be atrong~ bu:ttered. On 

the other hand, sn excass ot protons, e.g. when :tree acid is added, depras• 

ses the forma ti on of the carbanion IV, and also tha:t of the product. The 

affect o:t an added base, e.g. secondary amine, is to p:-omote the production 

of the carbanian IV, but also to check the formation of all other 1nterme

diatas which require the presence of ~drogen ions. 
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Fig. 1 

:Mechanism of an abnoJ'Dlal :Mannich reaction 

Scheme I 
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The scheme n (Fig. 2) is presented as an alternate aechaniSIIl in 

view ot the uncerta.inty as to whether a secondary amine, deriTed trom 

its hydrochloride, partic1pates actively in the reaction, or acte only 

as a butter towards the b1'drochloric acid. This mechan1SIIl accoants tor 

an ae1d-1nduced aldol condensation or !ormaldeby'de with a ketosteroid. 

In the tirst step, a transition state complex II is tormed which rear

raDges to a ~ -ketanetby'lol III. The latter, is unstable in acidic 

mediWil and gives upon protonation an oxonium ion IV which by losa ot a 

moleou.le ot water, attords a carbonium ion V• Finall.y, the carbonium 

ion combines with the carbanion VI derived trom the ketone I, to giTe 

metbylene-bis-ketone VII. 

2. General Method and Conditions ot reactions 
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Owing to the possible meohanism.s outlined above, two scheJiles tor the 

sequence ot addition or the reactants seemed to be preterred: 

1) amine and paratol'lllaldehyde were allowed to react, then the keto 

compound wa.s added ei tb.er gradually or in one portion. This procedure 

!av-oured the formation ot an am.i.nomethanol, a methylene-bis-amine, or 

eminolllethylene int ermadi at es. 

2) When the ketone and paratomaldehyde were tirst allowed to react, 

with subsequent addition ot amine, a methylol deriTatiTe was the most 

probable inter.œediate. 

Duri:ng the course ot this work, it was obserred that keto COlllpounds 

reacted preterentially with tor.maldehyde. Theretore, the procedure 2) 

was generally abandoned in tavour ot 1). 
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Fig. 2 

Mechanism ot an abno:rmal Mannich reaction 

Scheme II 



59 a 

H 



The use ot parat'omaldehyde was preferable to that ot 4~ aqueous 

solution ot tormaldehyde because ot the very low solubility ot ketoste

roids 1D water • 
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.Among secondary amines and their bydrochlorides, morpholine, piper1-

d1ne and dimetby'lemine were cbo sen. These had be en known to panicipate 

successtully in numerous llamich condensations (1, 2, 3}. 

J'or the separation ot the e::z::pected Yannich bases, the ~ocedure des

cribed by Julian (17} was adopted. The reaction llli::z::tures were dilu"ed 

with 4f1, hydrochloric acid. When solvents non-miscible with water were 

used, the solutions were extracted with ether, the aqueous layera were 

seperated, and neutralized with a saturated solution ot sod1 um carbonate. 

The aqueous neutral solutions were e::z::tracted w1 th ether again and the 

ethereal extracts were dried over anhydrous magnesium sulphate. Products 

were isolated by evaporation ot' the solvant under reduced pressure. In 

the cases ot water miscible solvants, unreacted ketosteroids separated 

upon the addition ot 4% hydroohloric acid and were tiltered ott. The re

ms.ining solutions were treated as above. 

3. Reactions ot cholest-6-en-3-one with ;parato:maldehyde and seoonde.ry 

amines or thair ]lydroohlorides. 

Cholest-5-en-3-one ( I) isomerizes read.ily to 1 ts more stable isomer 

cholest-4•cn-3~one {II) (144, 145). 



0 HO 0 
I II 

The stability of the latter ketone is clue to the oon\jugation of the 

double bond at C4,5 end ot the lfato group in 3-position. It was 

thought that, i:t this isameriaation oould be avoided, the hydrogen atom 

at c4 should prove partioularly active because ot its activation by the 

adjacent double bond and keto group •. 

(A) Amines 

( i) Morpholine 

By uaing morpholine in equimoleoular amounts with the ketone am 

para:tom.aldehyde, eithe:r in isoamyl alcohol or in dio:xane as solvants, 
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1t was possible to obtain two products which contained nitrogen, had 

almost identical melting points (149° and l49.5C-l50.5°)respect1Tely, and 

:tormed eydrocblorides mel ting at the sam.e temperature (227•232°). 

The reaction was oarrted out successtully once in each solvant, but 

could not be reproduced in spite ot very numerous attempts. Varying the 

molar ratios ot the ketone, paratormaldehyde and amine :tram 1:1:1 to 

1:2:3, to 1:5:7.5 did not oontribute to the formation ot the product. 

In all cases, brown visquous oils were obtained, and cou1d not be 



crystalllzed. They did not contain nitrogen and seaned to be derived 

from a condensation of the ketone w1 th formaldebyde. 

(11) P1per1dine 

Al.l attEID.pts of condensation carried under similar conditions as 
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w1 th morpholine, using absolute ethanol, n-butanol and isoemyl aloohol 

as solvants, resulted in the formation of oily materials which muld not 

be crystallizad. 

(B) Amine )lydrochlorides 

In the presence of morpholine, piperidine cr dimethy'lamine hy'dro

chlor1des, the reaction of the ketone with formaldehyde gave brown vis

quous oils whioh were dar ker than those obtained w1 th free amines dur1ng 

the sana refluxing time. It was assumed that fomaldehyde was made avail

able more readily for the condensation by the addi tional action of aeid 

on depoly.merization of the parato~aldebyde. Unreacted amine hydrochlo

rides were reeovered in high yields in each case. 

4. Attempted condensation of 4,4-di.aetl!ylcholest-5-en-3-one with para

foraaldehyde and secondary anines or their b.ydrochlorides. 

'l'he ketone waa recovered unchanged from reactions w1 th :marphol1ne, 

piperidine, their hydrochlorides or dimethy'lamine hydrochloride. Re

fluxing in isoamyl alcohol was maintained for four to four and a half 

hours. UDder similar conditions, cholest-5-en-3-one bad reacted with 

paraformaldehyde already' atter half an hour of reflu:rtng. 



5. Attempted condensatio:a ot cholest-4-en•:3pone w1 th paratomal.debzde 

and secondary amines 

Bromination ot cholest-4-en-:3-one was known to take place only 
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under enoliziDg conditions (e.g. hy'drobromic aoid or sodiUDl acetate) 

(150). The unreaoted ketone was recovered in high yields tran reactions 

with paratormaldehyde and morphollne or piperidine. The retlunng tim.e 

was tour hours in ieo~l alcohol. From these resulta, it was concluded 

th at the ketone was not sutti ciently enolized b;r the secondary amines and 

theretore did not participate i:a the reaction. This view was contirmed 

by the behaviour ot the ketone in the presence ot amine hy'drochlorides. 

6. Reaction ot cholest-4-en-3-one with para.f'orm.aldehyde œd second817 

amine &drochlorides. 

In a series ot reactions with morpholine, piperidine and d:l.met~l

aaine hydrochlorides, non-crystallizable oils were isolated a.f'ter half 

an hour ot retluxing in isoamyl alcohol, n-butanol or absolute ethm ol. 

These oils seced to be condensation produets ot the ketone with to:œal

dehyde. This assum.ption was supported by the absence ot the characteris

tic odour ot the lat.ter component in the reaction mixtures. The enoliza

tion of' the ketone in acidic medium was a probable prerequisi te in the 

condensation process which could haTe taken place in the tollowiDg mannar: 
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The apparently reactive carbonium ion VI may react turther w1th the 

keto group ot I or w1 th the hydroxy group of IV. 

7. Condensation of cholest an-3-one w1 th paratormaldehyde in the 

presence ot aecondary amine h{drochlor1des 

Cholestan-3-one condensed with formaldehyde {20-30 minutes re-
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nurlng time) in the presence of morpholine or p1per1d1ne hydrochlorides. 

The product contained no nitrogen, melted at 208-210° and on the basie 

of analytical resulte and comparative study ot intrared spectra, seem.ed 



to be methylene-bis-katona. The yield was 35.~ based on cholestan-3-

one used, in reactions carried out in isoanyl alcohol. When dioxane 

was used as solvant, the erode product melted over a wide ra.Dge ot tem

perature, and only a sm.all amount ot a material melting at 205-207° 

could be isolated with ditticulty. 

The intrared absorption spectrum ot cholestan-3-one showed a car-

l -1 
bonyl band at 1710cnt , and a band ot medium intensity at 1425cm • 

The latter one had been assigned to O-H scissoring vibrations in an un-

substituted methylene group at 02 or 04 in 3-ketosteroide (146, 147). 

65. 

The spectrum ot the reaction product showed two carbonyl bands at 1725cm-1 

(S) and at 1700cm-1 (m). Aweak band due to methylene groups adjacent to 

the keto tunction appeared at 1413cm-1 • This spectroscopie evidence in-

terred that the new compound contained two residues ot cholestan-3-one 

joined by a methylene bridge in either 2 or 4 position. In this connec-

tion, 1t should be noted that the bromination ot cholestaJ.-3-one with 

bromine in acidic medium takes place in 2-position (148). Since an 

aldol condensation in basic or acidic medium. proceeds through enolization, 

it ia reasonable to postulate tbat the linkage in the methylene-bis-

katona is batwaen the carbon atome in 2-position. It ruch were the case, 

the structure ot the compound ahould be represented by IJCXXIV wbich is 

di [2,2'-3-ketocholastany~ methane (M. W. 784). 
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Oholestan-3-one was recovered unchanged when the corresponding 

tree amines, morpboline or piperidine, were used. An explanation can 

be given by considering the competitive ettect ot two nucleophilic 

reactants, the ketone and an amine, with regard to an electrophilic 

reagent which ia tomaldehyde. When the amine is raplaced by the 

related hydrochloride, the ketone remains the only nucleophilic species, 

and the condensation wi th tormaldehyde ta.lœs place. 

8. Condensation ot cholestane-3, 6-dione with parato:rmaldehyde in the 

presence ot secondary amine hydroohlorides 

In a reaction similar to that ot cholestan-3-one, cholestane-3,6-

dione was retluxed wi th paratormaldehyde and morpb.oline or piperidine 

hydroohloride tor 45 minutes in isoamyl alcohol. The product -~as ob

tained in 21.2% yield based on cholestane-3, 6-dione used and contained 

no nitrogen. It was only slightly soluble in organic solvants, could 

be puritied by repeated recrystallizations trom bo111ng acetone and 

melted at 242-242.5°. The ana4't1cal resulte and the intrared absorp-

tion spectrum 1nterred a methylene-bia-ketone structure. Oholeatane-



3, 6-dione sbowed a single very strong carbonyl band at 1710CDl-l, and a 

band of low intensi ty at 1420cm-1 • The latter one corresponds to un-
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substituted methylene groups adjacent to the kato tunction at c3 (see 

above). The spectrum of the condensation product exhibited two bands in 

the carbonyl region at 1727CDl-l (;s) and at 1710cm.-l (vs). The band due 

-1 
to methylene groups was shi fted to 1425cm , and be came a shoulder on 

the more intense band at 1465cm-1 • There are in cholestane-3,6-dione 

three methylene groups in positions 2, 4 and 7 adjacent to keto tunctions. 

The reactivities of hytirogen atoms belonging to these methylene groups 

can be evaluated in terms of certain substitut ion reactions. Bromination 

of cholestane-3, 6-dione w1 th 3 moles of bromine in acidic medium lead.s to 

4,7-dibramocholest-4-en-3,6-dione (149). According to the probable 

mechaniam, the position 4 would be the first point of an eleetrophilic 

attack, followed by debydrobromination and fomation of ex, j3 -unsaturation 

at c4 , 5 • A subsequent bram.ination yiclds the unsaturated 4, 7-dibromo 

compound. It is therefore postulatad that the linkage in the methylene-

bis-ketone is between carbon atoms in 4-position. The formula LXXXV 

representa di [4,4'-di-3,6-ketocholestanyi) methane (M.W.812). 

0 0 
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Part II - Reduc'tions of o:x:iminocholanic acide 

9. General methode and conditions of the reactions 

In the second part of the present investigatiœ, the reduction of 

severa! o:x:iminocholanic acids using sodium in alcohol and lithium alu

minium hy'dr1de was studied. These o:x:iminochole.nic acids were prepared 

from deso:x:ycholic and dehy'drocholic acids. The intrared absorption 

spectra of various keto- and oximino-cholanic acids were reoorded and 

e:x:amined. The reductions ot o:D.mes in various positions ot the ste.roid 

nucleus were expected to give steroidal anino acids or amino alcohols. 

Reducing agents included sodium in alcohol and lithium al.uminiwa hy'dride. 

Reductions of oximinocholanic acids with the latter reagent have not been 

reported 1n the 11 terature. Oximinocholanic acids, rather than their 

esters, were used in order to avoid the reduction of ester groups by 

lithium aluminium bydride and by Bouveault-Blanc affect. n-Propanol Sld 

n-butanol gave the best yields of purest products in reductions with so

dium. The colour ot reaction mixtures in isoamyl alcohol was darker and 

orude products contained appreciable amounts ot tarrr impurities. Redüc

tions ot o:xilaes with alkali metals and proton donors are known to give 

predaminantly the most ther.modynamically stable product (39, 40) in whieh 

the equatorial conformation ot the amino eubsti tuent is preterred. 

Accordingly, the conformations ot amino groups in the steroidal amino 

acids s,ynthesized by reductions with sodium in alcohol were assigned on 

the basie of their mode ot preparation. 

A series ot preliminarr experimenta was carried out in order to 

establish appropriate conditions tor reductions with lithium a~niua 



hydride. Oximinocholanic acid.a and their methyl esters, which were 

prepared using diazomethane, proved to be slightly soluble in ether. 

Using the Soxhlet technique only 10-15% ot the sample of oximinoacid 

or ester could be transfer.red by extraction into the reaction veseel 

over a period of 48 bours. Since the oximinoacids were quite soluble 

in tetrahydrofuran, the latter was adopted as solvant. 

The reduction of oximes to primary amines consumes one halt mole 
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of lithium aluminium hydride according to the tollowing partial equation: 

The reduction of carboxylic acide to primary alcohols consumes three

quarters of a mole of lithiWil aluminium hydride as indicated in the fol

lowing equation: 

The acidic hydrogen conSUllles one-quarter mole ot the hydride. The 

preliminary experimenta shawed that two-fold to five-told molar excess of 

lithium aluminium by'dride led to the formation of mixtures of produets 

which exhibited hydroxyl and carbonyl 1nfrared absorption bands. When 

about a ten-fold excess of the reagent was used, definite reaction 

products could be isolated in all cases. 

The rel ative order of reactivi ties of o:rime groups in various posi

tions ot the nucleus was established visually by obsening the rate of 

formation of organo-m.etallic complexes during the course of the reactions. 

This order was analogous to the one which had been reparted for the cor

responding ketones (47), and went decreasingly from 3- to 7- and 12-posi-

tions. 
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The intrared absorption speotra ot the reaction p:roduots were deter

mined in potassium bromide because ot their low solubilities in the 

appropriate organic solvants. 

10. Preparation ot 3,12-diketocholanic ao1d by oxidat1on ot 3,12-

dih:droxzcholanic aoid 

The ondation ot deso~cholio aoid (LXXXVI) to dehy'drodesox;roholio 

aoid (LXJXVII) was carried out using the procedure described by Heilbron 

(150) tor the ondation ot acet;rlenic carbinols, 

HO 0 

H 0 H 

The method consista in using the oxidizi.D.g reagent oomposed of' chromium 

tr1ox1de and sulphuric acid in acetone solution. The adv'antage of' the 

method resides in a gradua! addition ot the reagent which is never 

present in excess, and in an ea.s:r separation ot the inorganic residue, 

insoluble in an organic solvant. The applicabilit;r of' this method is 

limi ted only by the solub111 t:r ot the substance to be oxidized. The 

above procedure gave consistent yields of' above 90 per cent of the pure 

product, as compared to about 70 per cent yield obtained by Wieland's 



method ot oxidation in acetic acid (151). The purification of the pro-

duct in the latter case was also mora tedious. 

11. Reduction ot 12-oximinocholanic acid w1 th sodium in alcohol. 

The reduction was expected to yield mainly 12}3-aminocholanic acid 

(LXXXVIII). The highest yields of purest product ware obtained in n-

propanol and n-butanol. 

H 

LXIXVIII 

The pzoduct existed as a dipole ion and was precipitated at its 

ieoelectric point (pH 5.6-5.8) with 1% sulphuric acid. The existence 

ot ionie structure was contimad by the intrared absorption spectrum 

wh1ch showed bands characteristic ot carbo:xylate ion at 1550am-l (S) 

and ot iffi3 group at 1625c:m-l (m). The c-o stretching vibrations were 

absent. The product mal ting at 115-116° was obta1ned atter several re-
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crystallizatiollS from acetone-water. It was asSUllled, in accord with the 

rule concerning reductions by' alkali metals and proton cb nors (39, 40), 

that this product containad the more thermodynamicall.y stable equatorial 

( 12}3) amino substituent. 



Several treatments of 12J3-aminooholanic acid with ooncentrated 

b.ydroohlorio acid resulted in the formation of the corresponding hydro

ohloride (LXXXIX). The salt did not possess the dipole structure since 

the carboJcylio group waa present in the non-ionie tom. 

H 

The infrared absorption spectrum sbaried suppression of the band due to 

the ce.rb~late ion (1550am-1 ), and release of the carbo:xyl band at 

1705cm-1 (VS). The ma:xilnum due to the tffi3 group waa shifted towards 

lower frequencies (1610am-l). 

12. Reaction of 12-oximinocholanic acid with sodium am.algam in ethanol 

The reaction of 12•oximinocholanic ac id wi th 'lf1, sodium amalgam re

sulted in the trans:fomation of the oxime group to the keto group. The 

correaponding 12-ketocholenie acid was identified by mixed melting point 

determination w1 th an authentic sample. For further confirmation, the 

oxime was prepared from the reaction product and shcw ad no depression of 

the meltiiJg point with an original s811ple of 12-o::dminocholanic acid. 

13. Reduction of 3,12-dioximinocholanic acid nth sodium in al.cohol 

This reaction was expected to form 3CX,l2 .}3-diaminocholanio (XC) 

acid (30< and 12 j3 equatorial) as the major product. 

72. 
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Po sseasing one carbo:xyl and two amino groups this diaminocarbo:xylic 

S.Cidbehaves as a base, and it can f'ozm a dihydroehlor:Lde. Owill8 to this 

basic eharaeter, the isoelectrie point should be at a pH above 7. The 

product was obtained in good yields f'rom reactions using n-propanol and 

n-butanol. It was precipitated with 1% sulphuric acid at pH a.s-a.s. 

The inf'rared spectrum showed bands eharacteris tic of' ~ (l660cm-1 

sh), ~ (1623cm-l 5), and 000- (1575cm-1 VS). The band due to the car

boxylate ion absorption was shif'ted by 25œn-1 towards higher f'requencies 

as compared wi~h the corresponding band in 12 p -am.inocholanic acid ( l55ecm-l) • 

14. Reaction of 3,12-dio:dmi:nocb.olanic acid with lithium aluminium. !Jydride 

A product eontaining DO nitrogen and insoluble in either acide or 

bases was formed in this reaction. The reaction mixture was hydrol.ysed 

w1 th a saturated :Ebchelle salt solution, and tetrahydrof'uran was eTapora• 

ted under reduced pressure. The product could then be extracted satisfac-

torily w1 th n-bute.DOl. When tetrahyd.rof'uran was DOt removed complet ely, 

the solution tended to emulsif'y during the extraction. 
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The intrared absorption spectrum showed a vary strong band at 3340cm-1 

due to associatad h7droxyl group, and also a serias ot high intansity ballds 

in the region 1075-lOllcm.-1• The latter range had been tetttatively assigned 

to c-o stratching vibrations in steroid alcohols. The benzoate derivative 

ot the reaction p:mduct showed carbonyl absorption at 1780 and 171.5am·1 , and 

aromatic ring vibrations at 3060, 1600 and 705cm.-l. 

On the basie ot the above data and analytical resulta, the compound 

was postulated to ba 3 ~ ,12y ,24-trihydro:r;rcholana. The steric course ot 

reductions with lithium aluminium hy'dride bai.gg uncartain, the conformations 

of the hy'droxyl groups in 3- and 12-positions were not assigned. Lithium 

aluminium hydrida was postulated as a complex salt (152). 

AB evidence tor the necassi ty for a donor solvant and tor monoetherate tor-

mation in lithium bydride reductions was obtained. It was suggested, 

theretore, that there 1s the followi.ag equilibrium in solution: 

The ether coordinates with the AJ.H3, and the hydride ion 1s the active 

entity in lithium aluminium reactions (153). Tetrahydroturan, beiDg more 

basic than ether (1.54) can be substituted tor the latter one in these reac-

ti ons. 

A mechanism was postulated (tig. 3), which explains the reaction ot 

3,12-dioximinocholanic acid with lithium aluminium hydride. In Fig. 3, 

only the oxime group in 12-position (I) is illustrated, as an exemple. 



The electron pair on the nitrogen atom in I is available tor coordina

tion wi th Al.H3 to gi ve the com.ple:z: II. The tendency tor the electron 

pair on the O::Q"gen to take pan in hydrogen bonding resulte in the tor-
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matton ot a quasi-ring such as bas been postulated in numerous 6rignard 

reactions {155). The eydride ion present in the solution attacks the 

electron deficient nitrogen, and upon alk:allne or acidic hydrolysis, an 

unstable 1111ne is tormed {IV). One molecule of imine {IV) condenses with 

one molecule of the isomerie enamine (V) to give a Schitt•s base (VI). 

Under hydrol.ytic dondi t ions, the latter yields the corresponding lœtone 

(VIII) which is turther reduced to the secondary alcohol VIII, by the 

lithium aluminium hydride still present in the reaction mixture. 

15. Reduction ot 7,12-dioxiainocholanic acid with sodium in alcbhol 

This reaction was expected to torm 7 J3 ,12)3 -diaminocholanic acid 

(XCI) (7fiand 12f3 equatorial) as the major product. 

or 

XCI 



Fig. 3 

Schematic representation of the reaction of 

3,12-dioximinocholanic acid with lithium 

aluminium hydride 
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The diaminoacid was obtained in simile.r (over 80 per cent) yields 

when the reduction was carried out in n-propanol or n-butanol. A.pparently, 

the prodnct was appreciably soluble in water. The precipitation of the 

amino aoid from the reaction mixture at its isoelectric point (pH 8.3-8.6) 

was brought about by addition of dilute sulphurio acid. A~ solution of 

the acid wa.s used tirst in order to keep the total volume of the solution 

to a miniWI\Ill• In order to approaeh the isoelectric point graduaUy, 2% and 

1% sulphuric aeids were used oonseoutively. 

The intrared absorption spectrum showed two bands in the N•H stretch

i:og region due to NH2 and~ groups (1635, 1630cm-l). The shoulder which 

appeared at 1560cm-l on the main oe.rbo:xylate ion band (1550cm-1 ) could be 

+ 
assigned to the N•H bending vibrations in RH2, ~ or in both. 

16. Radùction of 7 ,12-dioximinocholanic acid with lithium aluminium hldride. 

hom a reaction simile.r to that of 3,12-dioximin.ocholanic acid, a 

produet was extracted with n-butanol atter two and a half hours of reflux-

ing. In oontrast, this product did oontain nitrogen. Its infrared epee-

trum ehowed the absence of oe.rbonyl absorption, which meant that the car-

bo:xyl group had been reduced to a primary alcohol. This assumption was 

sUpJPrted by a band of very high intensity at 330ocm·1• Another band at 

1660cm•1 (m) could have been due to an amino, oximino, or both groups. 

Three compounds were taken into consideration in view of the above data: 

d1ox1m.1no-, diamino-, or amino, oximino-ce.rbinols. Acidic eydrolysis et 

the reaction product gave a materiel which also oontained nitrogen, exhi• 

bited a carbonyl band at 1700cm.-1 , and bands at 3300cm·1 (vs) and 1655ca-1 

(m). The hypothesis of an amino, oximino carbinol tully agreed with 

analytioal resulte. 
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The 12-position being more sterically hindered (metbyl group at C13) 

than 7-position, the reaction product was postulated to be 7~ •sm1DO•l2-

oximino-24-bydroxycholane (XCII); consequently, its hydrol.y'sis product 

was 7~ -amino-12-keto-24-hydroxycholane (XCIU), also in agreement with 

elementar,y analysis. 

NOH 0 

XCII XCIII 

It appears t'rom the above resulta that a prei'erential reduction oi' 

only one oxime group had taken place. 

17. The correlation between the ini'rared absorption spectra and the 

structure oi' keto•lolanic acide 

The 1n1'rared spectra of the t'our 1'ollow1ng 1œtocholan1e acids in 

potassl. um. brom.ide were reeorded: 12-keto-, 3, 12-diketo-, 7, 12-diketo

and 3,7,12-triketo-cholanic acids. 

The o-H stretching vibrations 

Carbo:xylic acids exist noma11y in dimeric 1'om w1 th vei'1 strong 

intermolecular hydrogen bridges between the carboll1'1 and bydroxyl groups. 

The compounds examined showed a very weak or no absorption in the normal 

i'ree O-H or associated o-H stretching regiona. Instead, there was evi

dence t'or a series oi' weak: or very weak bands between 2850 and 2500cm.-l 
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which was indicative of stroDg.cy- hy'drogen-bonded hydroxyl groups of the 

type -oH •••• o = c. This :tinding was in accord with the extenai ve data 

available on relatively simple aoleculam of carboxylic aoids (156). 

The C : 0 stretcbipg vibrations 

Ali of the ketooarboxyllc acids studied showed a single very strong 

maximum in the carbonyl frequency region between 1705 and 1695cm·l. 7,12-

•1 Dtketocholanic acid exhibited another band of high intensity at 1730cm , 

and 3,7,12-triketocholanio acid showed a shoulder at 1735cm-1 on the main 

wide carbonyl absorption. Since the other two ketoacids did not contain 

a keto group in 7-position, the maximum at 1735-1730cm-l was tentatively 

assigned to 7-ketone. It appeared from the abOTe data that sorae overlap-

piDg occurred between the bands due to the C • 0 stretching vibrations in 

the keto and carboxyl groups. Therefore, the di fferentiation of the two 

carbonyl containing groups was not possible in this region ot the spactrum. 

The comparison of the range of the keto absorption in the steroidal keto-

acids and ketosteroids examined in the present W>rk indicated that the 

hydrogen bondi.ng di d not cause aey appreciable frequency shi tt of the C = 0 

stretching vibrations. 

The c-o stretchins Tibrntions 

Al.l ketoacids exhibi ted two bands of high or medium intensity in the 

range 1280-1245cm·l. No specifie assignment of these bands was contempla-

ted beoause of the lack ot general agreement as to the nainre ot vibrations 

in this region of the speotrum. It is pointed out, however, that satura-

ted ketosteroids examined in this work also showed bands in the aboTe 

aentioned range: cholestan-3-one at l230œ-l (m.) and cholest ane-3, 6-dione 

at 1262 and 1240cm-l (m) • 



The o-H detorm.ati on vibrations 

The ketoacids showed one or two bands ot medium intensity in the 

region 955-900om·1 • The band at about 955cm -l was present in both 

diketocbolanic aci ds alld in the triketocholani c actd. The latter exhi

bited an additional maximum at 925cm.-1 • 12-Ketocholanic acid showed a 

so. 

medium band at 902œ-1 • These bands were absent in the spectra ot mono-

and d1-ketoetaro1ds, and were assigned to the o-H deformation. 

18. The correlation betwaan the intrared absorption spectra dnd the 

structure ot o:d.minocholanic acids. 

The spectra ot the tollowing cam.pounds were determined: 12-

oximino-, 31 12-dioximino-, 7,12-dioximino- and 3,71 12-trioximino-cholanic 

acide. The last substance (m. p. 273° dac.) was prepared by oximatiœ ot 

3, 7,12-triketocholanic acid (debydrocholic acid} according to the proce

dure outlined by Schenck and Kirchhot (157). 

The OH stretching vibrations 

-1 Al1 acids exhibited strong absorption bands in the rEilge 3560-324-CIIl 

due to aasociated and non-associated bydroJ!Yl groups. 'rhese bands were 

absent in the spectra o:f' previous~ diecussed ketocholanic acide. It was 

concluded that they corresponded to the stretching vibrations ot OH struc

ture be1oDging to the o:rlme groups (• N•OH), rather than 1D those ot car-

bo:xyl groupe. The broadest bands in this region were shown by 12-oximino• 

and 3,71 12-triox1minocho1an1c acids at 3320 and 3270cm·l, respect1vel7. 

-1 
7, 12-Dioximio.o cbo1aD1 c a cid exb.i bit ed a very strong narrow band at 35 60cm. , 

characteristic ot a tree l:lydroxyl group, and a strong broad absorption with 



a maximum at 3240cm-1 which was indicative of bonded OH. The hydrozyl 

groups in 12-oximinoeholanic aeid appeared to be associated, since the 

related band was at 3320cm-l. The above data interred varying degrees 

ot bydrogen bonding in the tour ox1m1nocholanic acids studied. These 
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differences might be due to the presence of intramolecular and intermo

lecular bonding betwaen bydroxyl groups, as it is the case in polyhy"dric 

alcohols. The intramolecular association is largely independant of (X)D

centration. Its presumed ettect, however, could not be studied because 

ot the d.ight solubility of the compounds involved in organic solvants. 

Al.l oximinoacids showed one or two bands at 2440-2520cm-1 of variable 

intensity which was thought to be related to the intermolecular bydrogen 

bonding of oarbox;rl group. 

Two ot the compound a, 3,12-dioxi:mino- and 3, 7, 12-tr1ox1lllino-cholanic 

acide exhibi ted a very broad band ( 200û-1800cm-1) whose maximum was at 

1900cm-l in the former, and at 19:!5 cm-1 in the latter. No explanation 

was ottered tor this band. 

The C • 0 stretching v1brat1 ons 

All acide, except 3,12-dioximinocholanic acid, showed a band ot 

medium 1ntensity or a shoulder on the main carbonyl absorption between 

1760 and 1720cm-l. In the latter compoudd, this band was possl. bly masked 

by a broad absorption due to the C : 0 stretching mode. Since it was 

improbable that, under the experimental conditions, the acide were present 

in monomeric tom in any proportion, no explanation was given tor the 

component bands ment ioned aboTe. It is noted that s:lmilar bands had been 

observed in the solution spectra of other steroidal aeids (103) am in 



the vapor spectra ot sim.ple carbo:z;ylic acids {104). The main carbonyl 

absorption showed a ma:xil!lum between 1700 and 1695cm.-l. 

The 0 = N stretching vibrations 

The 0 • N absorption appeared in the r8Ilge 167Q-1637am.-1 • In the 

mono- and di-o:ximinoacids, the number ot maxima corresponded to the 

number ot o:dme groups present iD the molecule. The trioximinoeholanic 

acid showed the main absorption at 1660cm-1 containing two shoulders on 

the high trequsncy Bide at 1665 and 1670cm-1 • This evidence did not 
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parmi t any assignment ot bands to o:rlme groups in partieular positions in 

the nucleus. 

The N-o stretching vibrations and o-H deformation mode 

A series ot characteristic bands appeared in the speetra ot all 

oximinoacids below lOOOcm-1. There was a maxilllUlD. of high or medium in

tensity at 990-985cm-1, except 12-o::z::iminocholanic acid whieh showed a 

weak band at 980em-1 • The di-and tri-o:miminocbolanic acide axhibited 

strong absorption between 965 and 955cm-1 • 12-0::z::iminoacid lBd a stroDg 

band at 940cm.-1 • hlother series of stroDg bands appeared at 915•905œ-1 

in all but the monooximinoacid. The region below 900œrt1 contained a 

medium or strong absorption between 865 and 855cm -l in all compounds. 

Various other bands of medium iDtensity were present in the range 800-

-1 
700cm • No specifie assignments were attampted in the region below 

lOOOcm~n because ot the crowded conditions of bands due to N-o stretching 

and O•H bending vibrations. It is believed, however, that the higher 

frequency absorption (1000-900cm.-1 ) corresponded to N-O stretching mode, 

whereas the lower trequsncy bands (900-SOOem-1 ) resulted f'rom o-H defor-

mation vibrations. 



Fig. 4 

Inrrared absorption spectra of cholestan-3-one, 

di-[x,x' 3-ketocholestanyl] methane, cholestane-3,6-dione, 

and di-[ x,x'·di-3,6-ketocholestanyl] methane. 
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Fig. 5 

Intrared absorption speetra of 12~-aminocho1an1c 

acid and 12)3-aminocho1anic aeid hydrochloride. 
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Fig. 6 

Intrared absorption speftra ot 3 ~ , 12 ~ , 24-

trihydro:xycholane and 35 -amiD0-24-o:ximino-24-hydro::r:ycholane 
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Fig. 7 

Infrared absorption spectra of 12-mono-, 3,12-di-, 

7,12-di- and 3,7,12-tri-ketoaho1anic acide. 
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Fig. 8 

Ini'rared absorption spectra o1' 12-mono-, 3, 12-di-, 

7,12-di- and 3,7,12-tr1-oxtm1nocho1anic ac1d~ 
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TABLE I 

Po si ti ons of absorption maxiDla in the infrared spectra of: 

Cho1estan-3-one D1-[x,x' 3-keto- Cho1estane-~,6- Di-[x,x'-di-3,6-
I cho1estany1] dione III cho1estany-1] 

methane II methane IV 

2940 vs 2940 TB 2960 vs 
2860 vs 2880 sh 2840 m (bd) 2860 vs 

1725 8 1727 8 

1710 vs 1700 m 1710 vs 1710 TB 

1470 s 1470 s 1460 s 1465 vs 
1445 8 1445 8 

1425 m 1413 w 1420 w 1425 ah 

1385 m 1385 s 1380m 1382 8 

1380 sh 1375 sh 
1367 w 1367 sh 1365 ah 
1350 vw 1350 vw 
1338 ... 1335 w 1335 w 
1310 w 1300 w 1310 w 1310 m 
1275 w 1285 w 1285 w 1280 TW 

1255 w 1257 w 1262 m 1260 'Il' 

1230 m 1235 w 1240 m 1237 w 
1215 vw 1205 m 1225 sh 1207 vw 
1185 w 1180 ah 1195 vw 
1172 w 1170 sh ll70 w 
1155 w 1150 6 1150 m 
1127 w 1137 m 1125 w ll:l7 lll 

1113 w 1100 vw 
1100 sh 

1070 TW 1065 w 1077 W' 

1045 ah 1065 sh 
1035 sh 

1027 11 1025 w 1025 VW' 

1005 vw 1007 TW 

995 w 985 w 992 w 
9G5 sh 980 vw 970 w 
955 :nt 
940 vw 940vw 947 w 
925 w 925 vw 925 sh 

910 w 905 vw 
870 w 865 w 870 vw 
805 w 810 vw 825vw 

770 vw 775 vw 
75~ ... 750 
735 w 730 vw 725 w 
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T-ABLE II 

Posi·tions of absorption maxima in the intrared spectra ot: 

12 j3 -.Aminocho1a- 12 j3 -Ami no chola- 3 oc , 12 )3 -Ami no- 7 j3, 12)3 -Amino-
nic acid hydro- nic acid II cho1anio acid eho1an1e aeid 

ch1or1de I III IV 

3400 sh 3440 m 3380 8 3400 m 
3310 sh 

3200 sh 
3060 sh 3040 sh 
2940 vs 2940 vs 2920 vs 2930 vs 
2880 eh 2870 8 2860 sh 2860 s 

2660 vw 
2600 ah 2610 sh 2630 vw 

2480 vw 
2300 vw 

2080 ah 2180 w 

1705 vs 
1660 ah 

1625 m 1623 s 1635 sh 
1630 sh 

1610 m 
1565 ah 1575 vs 1560 eh 
1550 8 1550 sh 1550 m 

1515 8 

1505 eh 
1473 m 1473 Dl 1465 sh 1467 sh 
1452 s 1452 s .1452 s 1450 m 

1430 vw 
1385 s 1390 s 1395 vs 

1382 vs 1380 vs 
1340 vw 1348 w 
1315 m 1322 w 

1290 vw 1295 vw 1295 w 
1280 vw 1280 vw 

1260 sh 1265 vw 1260 w 1260 w 
1170 vw 1165 m 1175 vw 1185 vw 
1100 m 1100 m 1100 vw 1100 sh 

1095 w 
1075 W' 1070 w 1075 vw 
1060 w 1060 vw 1060 vw 1055 vw 
1040 w 1045 vw 1045 vw 
1020 w 1020 w 1030 w 

1012 w 1015 w 
970 m 

955 m 960 w 945 m 955 w 
927 w 920 m 
910 vw 905 m 
845m 845w 855m 860 vw 
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TABLE Ill 

Positions ot absorption maxima in the intrared spectra ot: 

3~ ,12 r ,24- 3~ -Amino-12- 3 J -Amino-12-keto-
TrihydroJ;J&mlane .. oximino-24-bydro~ 24-bydroxycho1ane 

cho1ane 

3500 vs (bd) 
3440 sh 
3340 VS 3300 VS (bd) 
2940 vs 2940 VS 2940 VS 

2870 vs 2860 vs 2860 VS 

2300 vw 
2080 vw 

1700 m 
1660 m 1655 m 

1470 8 1465 sh 1465 sh 
1450 8 1450 vs 1450 vs 
1377 8 1380 s 1380 vs 
1365 8 

1238 m 1240 vw 1235 vw 
1120 m 1120 vw 1135 vw 
1092 m 1080 sh 
10~5 s 
1055 8 1055 s 1055 8 
1042 8 

1025 s 1020 8 

1011 vs 
995 s 990 8 

950 m 965 vs 965 TB 

942 m 915 VS 915 TS 

890 m 
865 s 965 8 

855w 845m 840w 
820 w 820w 
750 m (bd) 
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TABIE IV 

Positions ot absorption maxima in the infrared spectra of: 

12-Ketocho1anic 3,12-Diketocho- 7,12-Diketocho .. 3, 7, 12-Triketo-
ac id I 1anic acid II 1anic acid III cholanie acid IV 

3380 sh 
3240 m 3200 m 

2940 VS 2940 vs 2960 ah 2950 8 

2910 B 2920 sh 
2860 vs 2860 vs 2840 sh 2880 sh 
2640 sh 2680 sh 2660 w 2650 vw 
2515 sh 2590 vw 

1730 B 1735 ah 
1715 sh 
1705 VS 1705 VS (bd) 

1695 ah 1697 vs 1700 va (bd) 
1637 m 
1545 vw 
1510 vw 
1462 s 1460 a 1465 m 1470 m 
1447 a 1445 s 14l>O m 
1435 m 1430 s 1430 vw 1435 m 

1420 vw 1423 m 
1400 sh 1408 w 1405 vw 

1395 sh 
1385 s 1383 s 1387 w 1385 m 

1380 w 1375 sh 
1370 sh 
1365 ah 

1360 w 1355 w 1355 sh 1360 sh 
1335 w 1335 sh 1345 ah 1335 sh 

1327 m 1320 ah 
1315 m 1315 sh 1317 w 

1300 w 1298 m 
1280 m 1275 m 

1265 B 1265 s 1260 Il 
1245 s 1250 s 1230 m 1245 m 
1210 m 1215 m 1215m 1212 sh 
1192 m 

1187 w 1185 w 1180 m 
1165 w 1170 w 1160 m 1165 sh 

1124 m 
1110 m 1115 m 
1100 m 1105 w 1105 m 1100 m 

1090 w 1095 sh 1090 sh 
1070 vw - - . 1065 w 1060 w 
1045 ah 1042 vw 1040 w 1045 w 
1020 w 1023 m 1027 w 
1002 w 1005 sh 1010 w 1005 m 

952 w 955 m 953 m 952 m 
925 sh 925 sh 930 sh 925 m 
902 m 898 Vil 

872 sh 870 vw 875 m 870 w 
782 m 772 w 767 vw 
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TABlE V 

Positions of absorption maxima in the infre.red spectra of: 
-

12-0::rlmiDO ebo- 3,12-DioximiDO- 7, 12-Dlo:x:imiDO- 3,7,12-Trio:xi-
1anic acid I cho1an1 c aci d II eho1anic acid III lllinocho1anic 

aoid IV 

3560 vs 
3400 s 

3320 s 
3190 sh 3200 ah 3240 s (bd) 3270 vs 
3090 vs 3150 sh 
2920 VS 2980 ah 2940 VS 2920 vs 
2860 vs 2850 VS 2920 sh 

2700 vw 
2580 vw 
2540 vw 2520 w 2540 w 2520 m 
2280 ah 1900 w (bd) 1935 w (bd) 

1740 m 1760 sh 
1723 m 

1700 vs 1695 VS 1700 VS 1698 s 
1670 ah 

1665 m 1665 sh 
1655 m 1660 m 

1647m 1640 m 1637 m 
1470 sh 1480 sh 

1460 s 1465 sh 1467 sh 1460 sh 
1445 s 1447 vs 1450 m 1449 VS 

1412 m 1415 s 1417 vw 1430 sh 
1378 s 1385 a 1385 a 1385 m 
1325 m 1325 s 1325 m 1340 m 
1315 s 1315 m 1310 w 
1305 a 1300 eh 1300 TW 

1290 m 1280 sh 1285 m 1280 s 
1277 m 1272 m 1270 m 
1245 s 1252 s 1255 m 1245 1f 

1230 m 
1205 vs 1215 8 1205 vs 1220 w 

1185 m 1185 ah 1195 m 
1175 m 1170 m 1175 sh 
1162 m 1165 w 1160 sh 
1150 m 1155 m 1150 w 
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TABLE V ( cont 'd) 

I II III IV 

1115 sh 1115 sh 1105 m 1105 W' 
1070 .. 1075 w 1070 m 1065 w 
1035 w 1040 8 1030 m 104011' 

1002 m 1017 Jl1 

980 w 985 s 990 Jl1 985 e 
955 e 965 VS 965 vs 

940 8 935 s 930 eh 945 ah 
925 m 

905 eh 905 vs 915 VS 915 e 
862 m 855m 867 s 865 8 

850 w 850m. 
835 vw 835m. 840m. 84011' 

745 m 755 m 
730 m 730 m 720 m 725 m 
705 ah 700 m 700 vw 
650m 670 m 670 m 685 vw 



Intrared absorption spectra determinations 

a) Apparatus and Materials 

A ll'erkin-Elmer Modal 21 double beam speotrophotometer equipped with 

a sodiUDl chloride prism was used. 

The spectra, unless otherwise stated, were determined in potassium bro-

Illide infrared quality, obtained trom the Harshaw Chemical Co., Cleveland, 

Ohio, u.s.A. Potassium bromide was kept in an anhydrous condition at all 

times; when the bottle had been opened a tew tiMes, the material was re-

dried in an Abd.erhalden over boiling water tor twenty-tour hours. 

b) Spectroscopie technique 

The procedure t'or the preparation ot pot as si. um promide dises was as 

follows: adequate a.Dk)unts ota substance (0.6-1.0 mg.) and of potassium 

bromide ( approx. 0.4 g.) are placed together with three saal1 steel balla 

in a 1 ml. glass tube equipped with a ground glass stopper. The mixture 

was ground tor three minutes, using a Perkin-Elmer vibrator. SUbsequent]Jr, 

it was pressed under 20,000 1bs./sq.in. tor two minutes in the Perkin-Elmer 

pellet die, and the resulting diSe was placed in the spectrophotometer. 

The deteminat1ons of spectra were carried out using the to1lowing 

settings of the instrument: 

resolution i27, reeponse l:l, gain 5.5, speed 5.5, and suppression o. 
-1 

The ecale of recordings was 100 cm.-1/cm tor the range 380Q-2000cm , 

and lOOcm-1/4 cm. tor the range 2000-600cz-l. 

The tollowing ecale ot 1ntens1 ties was adopted; very weak (vw), weak 

(w), medium (m), strong (s), very strong (vs), broad band (bd) and shoulder 

(sh). 
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Part I - Mannich Condensation of Ketosteroids 

Preparation ot secondary amine hydroohlor1des uaed in Mannich reaction 

The bydro chlorides ot the secondary amines were prepared by the 

addition ot a calculated amount ot dilute hydrochloric acid to the amine. 

The mixture was kept cool duri~ the addition ot the acid by plaoing the 

three-neoked t.lask equipped with a mechanical atirrer, condenser and 

dropping tunnel 1n an ice bath. The solution was then evaporated to dry-

ness under reduction pressure, and the remaining salt wa.s recr,ystalllzed 

trom absolute ethanol and dried in a Tacuum dessicator over sodium 

hydroxide pellets. 

Secondary amines 

They were dried by retluxing over sodium h;rdro:rlde pellets :tbr six 

hours and were then distilled, and stored over aolid àpdium hydroxide. 

Oholest-5-en-3-one 

The procedure deaoribed by Fieser (145) was tollowed, with a tew 

modifications. Cholesterol was obtained from Brickman and Company in 

Montreal, and was used w1 thout !urther purification. 

{ 1) 5o< 1 6/3 •Dibranocholastane-3 /3 -ol • s 

Sevent;r-t1ve grams of cholesterol was dissolved in 500 m1. of ab-

solute ether by short boilil:lg and stirring in a 2-L beaker. The solu

tion was cooled to 25°, end a solution ot 2.5 g. of anllydrous sodium 

acetate and 11.3 ml. of bromine in 300 ml. of acetic acid waa added 

wi th stiiTing. A stift white paste resulted. The mixture was cooled 

to 20°, the product separated by suotion filtration, and washed with 
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acetic aeid (300 ml.) until the filtrate was colourless. A second crop 

of material was obta1ned by adding 300 ml. of water to the combined fil-

trate and wash1ngs. The precipitate was filtered and washed with acetic 

acid till the filtrate was colourless. The product was air-dried on a 

large filter paper in a :t'ume•cupboard at room temperature overnight. 

Yields in the :t'irst and second crops were 87.7 g. and 4.1 g., respect!-

vely. Total yield was 85 g. (82 per cent of the theoretioal on the basie 

of' 1 to 1 acetic acid comple:z:). 

(ii) 5 <X , 6 B-Di bromocholestan-3-one 
> 

The aoetic ac1d-m.o1st 50C, 6P·d1bromocholestane-15fo-ol from 75 g. 

of' cholesterol was dispersed in 850 ml. o:t' acetic ac1d in a 2-1, three-

necked, round-bottomed tl.ask equipped w1 th a mechanioftl stirrer and a 

thermometer, the third neck being provided with a ground glass stopper. 

The flask was :mounted over an ice-we:ter bath. A solution o:t' 34 g. o:t' 

sodium d.iohromate d.ihydrate in 850 ml. of glacial acetic acid, preheated 

to 90°, was poured into the stirred dispersion at room temperature. Ali 

solid material dissolved in a :t'ew minutes, and the temperature rose to 

58°. .After another two minutes, the stirring was stopped and the :t'lask 

was completely 1Jmnersed 1n the ice-water bath :t'or ten minutes. The stir

ring was rellUDled, and the temperature lowered to 25°. Then 200 ml. o:r 

water was added and the temperaùure turther deoreased to 15°. The pro-

duct was 1'1ltered with suotion using a large ~er tunnel, and washed 

with cold methanol Wltil the :t'iltrate was colourless. The white crystal-

lina material waa air-dried in the dark in a tume-cupboard at room t8Jil

perature overnight. It melted at 71-730 (dac.) and the yield was 78.9 g. 

(92.5 per cent of the theoretical.). The melting points reported in the 

literature were 73-750 (145), 80° (144) and 68-6g0 (158). 
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(iii) Cbolest-5-en-3-one 

The methanol-moi et 5 ex, 6 fi -dibromoeholestan-3-one :from '15 g. of 

cholesterol was euspended in 1-1. of ether in a 2-1. three-necked, round

bottomed :flask equipped with a mechanical stirrer and thermometer. The 

:flask wa.s mounted over an ice-bath. Acetic acid ( 12 ml.) was added to 

the stirred suspension and the tEmiB rature was lowered to 15°. Then, 45 

g. of zinc d.ust was added portionwise over a period of 5 minutes, the 

tEmperature being kept between 15 and 20° by cooling. When the exothe.rmic 

reaction was over, the ice-bath was rem.oved and stirring oontinued :for 20 

minutes. Then, 20 ml. of pyridine was added, and the resulting white sus

pension stirred brietly. The solution was tiltered with suction, and the 

cake washed several times with ether. The :filtrate was almost colourless. 

It was washed three times with water, once with 300 ml. ot 5% sodium bi

carbonate solution, and once again with water. Then, it was dried oTer 

a.n.hydrous magnesium su.lphate, :filtered and concantrated to 400 ml. Atter 

ad di ti on of 200 m.l. of :methanol, the concentration was oontinued to a 

volume of 450 ml., and the pro du ct allowed to crystallize first at room 

temperature, and then in an ica-box for a few hours. The white priams 

separa.ted, were collected on the :filter, and. dried in a vacuum dessicator. 

The yield :from the :first crop was 38.1 g., m.p. 123-126°. Concentration 

of the mother 11quor at:forded 6.05 g. of the product which melted at 11'1-

1220. The total yielê was 85 par cent of the theoretical (64.6% per cent 

of the theoretical based on cholesterol used). Recrystallization trom 

ether-methanol re.ised the mel ting point of each drop to 127-129°. The 

melting points of 12'1° (144) and 126-129° (145) were reported in the 

literature. 



Attempted condensation of cholest .. 5--en-~ with para:tomaldehyde and 

secondary amine hydrochlorides 

a) Usipg morpholine hydrochloride 

98. 

A 25 ml. three-necked conical flask was equipped with a mechanical 

stirrer, a condenser fitted with a calcium chloride tube, and a nitr~en 

inlet tube. Morpholine hydrochloride (0.185 g.; 0.15 mmoles), parator

maldeeyde (0.04 g; 0.15 mmoles) and 6 ml. of isoamyl alcohol were placed 

in the flask. The mixture was stirred for 20 minutes at roam temperature, 

then heated to reflux 1n an oil bath 1n a slow stresn of·dry nitrogen. 

All solide dissolved, and 0.580 g. (0.15 mmole) of cho~en-3-one was 

added portionwise in the course of one hour. Refluxing was continued tor 

another hour, at which time the solution was brown. It was allowed to 

cool to room tœperature and long needles separated immediately. They 

were filtered off and dried. The material weighed 0.150 g. and melted at 

171-172°. The mixed mel ting point wi th an authentic sam.ple of morpb.oline 

h.ydrochloride was 173-174° , {uniie-,Pl'essed). The remaining filtrate was 

treated as followa: it was shaken with 10 ml. of 4% hy'drochloric aeid, 

diluted with water and extracted with ether. The o:r&anic leyer was brown. 

It was separated and dried over anhydrous magnesium sulphate, then allowed 

to stand with decolourizing carbon Nuchar-Cl9ü-N tor a tew hours at roam 

temperature with oceasional shak:ing. Ai'ter filtration of the solution, 

the solvents were evaporatod off, tirst on the steam bath under reduced 

pressure (water aspirator), and then in Taeu.o. The residual tarry dark 

brown oil was thoroughly dried over phospho:mts:' pentoxide. This oil con

tained no nitrogen, did not crystallize, and possessed a tendency to tom 

ti lm s. 
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The aqueous l~er was made alk:aline wi th a saturated sodium carbo

nate solution, and extracted &gain w1 th ether (tiTe portions of 10 ml. 

each). The ethereal extract was washed with water, dried, and eTapora

ted to dryness under red:uced pressure, leaving no residue. 

Similar resulta were obtained when the molar ratios ot the lœtone, 

paratormaldehyde and morphaline hydroohloride, were Taried from 1:1:1 

to 1:2:3 and 1:5:7.5. The total retluxing time was also varied tram 15 

minutes to 2 hours in each case. The resulta were not attected when 

absolute ethanol or n-butanol was substituted tor isoamyl aleohol under 

the above mentioned conditions. 

b) Using pi:peridiue b.yd.rochloride 

The procedure and various conditions outlined in the case of morpho

lina hydrochloride were tollowed. Film.-torming oils which could not be 

crystallized resulted in all cases. They contained no ni trogen. The 

major part ot .the amine salt was recovered. 

c) Using dimethylamine hydrochloride 

Same resulta were obtained as in a) and b). 

Condensation of cholest-5-en-3-one with parator.maldebyde and morpholine 

( 1 ) In dioxane 

A similar apparatus was used as in the previous reaction. Dry mor

pholine (0.43 g.; 0.005 mole) and parafoDnaldehyde (0.15 g.; 0.005 mole) 

were placed in the flask: and stirred together for one hour at roam tempe

rature, a stream o:t dey nitrogen being passed through the system. The 

mixture became slightly yellow. A solution of 1.93 g. (0.005 mole) of 

the katona in 6 ml. ot dry, werm dioxane was added, and stirred tor 20 
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minutes at room tEIIlperature. The solution did not sbow 8J:lY change of 

colour. It wa.s refluxed in an oil bath for one hour and became yellow. 

Atter coollng to room tEmperature, a solid material precipitated out. 

The mixture was shaken with 15 ml. of ~ hydrochloric acid and diluted 

with water. The yellow solid material remained undissolved. The mix-

ture was extracted with two portions of ether 20 ml. each, and the 

ethereal extract wa.s dried over anhydrous magnesium sulphate. A:tter 

filtration, the solution was eoncentrated to 8 ml. under reduced pres-

sure, and warm methanol was edded dropwise to turbidity. A slightly 

yellowish precipi tate separated upon cooling to room temperature. The 

latter was filtered with suction, washed on the filter with a small 

amount of oo1d methanol, and dried. The crude product weighed 0.20 g., 

and me1ted at 142-145°. One recrystal.lization from acetone gave white 

0 needles, m.p. 149.5-150.5 • The product contained nitrogen. 

The hydrochloride was formed by dissolving a sn.all sam.ple of the 

compound in absolute ether and by passing dry hydrogen chloride gas 

through the solution for a few minutes. The salt, in the tom ot a 

white powier, precipitated immediately, and quantitatively. The filtra-

tion was followed by drying in vacuo. The crude product turned brownish 

at 203° and me1ted over the range 21Q-215° to a brown llquid. Mter one 

recrystallization from chloroform-ether, the salt darkened at 215° and 

melted at 227-232°. 

The aqueous layer was treated in the usual we.y: made alkaline with 

a saturated solution ot S)dium carbonate, extracted with ether, the 

extract dried, and the solvant evaporated under reduced pressure. No 

residue remained. 
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(11) In isoamyl alcohol 

In an analogous reaction carried out in isoamyl alcohol instead ot 

dioxane, the yield of crude product was 0.796 g. Recrystallization from 

120 ml. of acetone attorded 0.560 g. pt cotton-like white needles. The 

product contained nitrogen and melted at 149°. The hydrochloride was 

obtained in the seme manner as in ( i) and atter one recrystallization, 

melted at 227-232°. 

The methiodide was produced by dissolving a amall amount ot the 

basic compound in banzene, cooling to 0°, and adding dropwise ice-cold 

methyl iodide in excess. The solution was kept in a refrigeration unit 

overnight, and deposited small white crystals. The ionie iddine was 

found to be present by mixing a few drops of the suspension with nitric 

acid (2 N), diluting with distilled water and adding a few drops of 5% 

aqueous silver nitrate. The solution was then extracted with ether. The 

precipitate ot silver iodide separated in the aqueous phase. 

Neither condensation (1) nor (11) could be reproduced in spite of 

numerous attempts. 

Attempted condensation of cholest-5-en-3-one wi th par~ormalde!Jyde and 

piperidine 

The procedure described in the case of morph.oline was adopted. The 

molar ratios ot the above reactants were varied fran 1:1:1 to 1:2:3, to 

1:5; 7.5, and the refluxing time trom half an hour to two hours. Abso

lute ethanol, n-butanol and iso8IJ1i1l alcohol were used as solvants. The 

reaction mixture was treated in the usual way, and in ali cases dark 

brown oils tending to fo m films were obtained. 
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4,~D1methylcbolest-5-en-3-one 

The ketone was prepared by direct methylation of cholest-5-en-3-

one in dry tert.-butanol, w1 th potassium tert.-buto:rlde and methyl iodide. 

Commercial tart. -but anol was dri ad by reflu:x:ing w1 th sodium., and 

then distilling. Potassium tert.-butoxide was prepared according to the 

method described in Organic Syntheses (159). A 200 ml. three-necked, 

round-bottomed tlask equipped wi th a mechanical stirrer, a oondenser 

fitted with a calcium chloride drying tube, the third neck being provided 

w1 th a removable ground glass stopper, was used. The dissolution of 1.56 

g. (0.035 mole) ot potassium in 60 ml. of dry tert.-butanol required 45 

minutes at room temperature with stirring. Then, 5.535 g. (0.013 mole) 

of cholest-5-en-3-one was added, and the colour of the solution i.mmedia

tel.y changed from sl1ghtly yellow to orange. The ground glass stopper 

was removed and replaced by a dropping :f'Unnel containing 4.85 ml. (0.078 

mole) of methyl iodide. The latter was added dxo~~se to the solution 

maintained at room tEIIlperature by means of a cold water cooling bath. 

When about 1.5 ml. of metbyl iodide had been added, the solution becaœe 

turbid and the colour turned yellow. The addition ot methyl iodide was 

completed in 20 minutes, and then 40 ml. of water was added. A white 

solid precipitated, was filtered with suction and dried. Recrystalliza

tion from 1-1. of 9~ ethanol gave 3.65 g. (61 per cent ot the theoreti

cal) of shiny plate1ets, m.p. 173-174°. The reported yie1d was 63 per 

cent, and the mel ting point 176-17~ (161). 
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Attempted condensation of 4,4-dimethylcholest-5-en-3-one with paratoœmal

dehyde and morpholine hydrochloride 

In a 25 ml. three-necked co ni cal flask equipped w1 th a mechanical 

stirrer, a condenser protected with a calcium chloride tube and a dry 

nitrogen inlet tube,were placed 0.62 g. (0.15 mmole) of the ketone, 0.185 

g. (0.15 mmole) of morphol1ne hydrochloride, 0.04 g. (0.15 mmole) of para

fo:zmaldehyde, and 3 ml. of isoamyl alcobol. The mixture was stirred and 

heated to reflux in an oil bath, in a slow stream of dry nitrogen. Reflux

ing was continued for 4 bours and the colour of the solution became gradu

ally brown. A white product precipitated upon cooling to room temperature. 

It was tiltered with suction and recrystallized from 95% ethanol. White, 

shiny platelets were obtained which, atter drying in vae:OO, melted at 171-

1720, undepressed by admi:rture of an authentic sam.ple of 4,4-dimetby"lcho

lest-5-en-3-one. The recovery was 75 per cent. 

Similar resulta were obtained when piperidine and dimetbylamine hydro

chlorides were used instead of morpboline hydrochloride in the above reac

tion. 

Attempted condensation ot 4,4-dimethylcholest-5-en-3-one with para.formalde

hyde and morpholine 

In a reaction similar to the above one, equimolecular amounts of the 

three reactants were re:f.'luxed in 3 ml. of isoam.yl alcohol f or tour and a 

hal! bours. The recovery of the unreacted ketone was 85 per cent. 
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Cholest-4-en-3-one 

(i) By 1somer1zation ot cholest-5-en-3-one 

The procedure outlined b,y Fieser (145) was slightly moditied. In 

a 500 ml. round-bottamed tlask equipped with a condenser, 36 g. ot 

cholest-5-en-3-one and 10 g. ot anhydrous oxalic acid were dissolved and 

retluxed in 280 ml. ot 95% ethanol tor 15 minutes. The solution was 

allowed to cool to room temperature and was seeded with a tew crystals 

ot b 4-ketone. The tirst crop ot the product (29.5 g.) separated as 

large, colourless needles, m.p. 80°. The second crop (4.3 g.) was ob-

t ained by concentration ot the mother liquor and seeding; m. p. 79-80°. 

Total yield was 33.8 g., 94 par cent ot the theoretical (60.7 par cent 

based on cholesterol used). 

In the li terature, a yield ot 97 par cent and the melting point of 

81-82° were reported (145). 

(11) By Oppenauer' s dehy'drogenation ot cholesterol 

The modification of Oppenau,r's dehydrogenation {161) by Inhoften 

(162) waa adapted to the preparation ot cholest-4-en-3-one. .Aluminium 

isopropoxide was prepared according to the method described by Vogel (113). 

A dry 3-l. round-bottomed tlask equipped with a reflux condenser f1tted 

with a calcium chloride tube, was charged with 25 g. ot cholesterol {puri

fied by regeneration tram 50C,6,$-d1bormocholestan 6,8-ol) 27.6 g. ot alu

minium isopropo:rlde, 1250 ml. ot dry toluene and 210 ml. of treshly redis

tilled cyclohexanone {m. P• 153-155°). The resulting solution was re

tlu:x:ed gently usiiJg an electric heating ma:D.tle. Atter tive minutes, the 

solution developed a yellow colour, and atter twenty minutes it turued 

slightly C<l.oudy'. Gentle boiling was continued tor a total time ot one 
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hour. The solution was then steam-distilled, the residue extracted 

several times wi th ether, the ether extract wa.shed w1 th 4% sulphuric 

acid, water, 10% wodium bicarbonate, twice with water, and dried over 

anhydrous magnesium sulphate. The solvant was evaporated on the stean 

bath under reduced pressure (water aspirator) tlll slight turbidity 

and 20 ml. ot methanol was added. The evaporation was oontinued until 

slight cloudiness developed. The solution was seeded with crystals 

obtained by cooling a tew drops at the solution in dry !ce-acetone mix

ture. The tlask was wrapped with a towel to ensure very slow cooling. 

The yieU.d ot the crude yellowish product was 18.5 g., m.p. 76-78°. Atter one 

recrystallization trom 7:10 mixture ot acetone11.ethanol, the mater! al 

melted at 79-81° with 90 par cent recovery (yield from cholesterol 67.5 per 

cent ot the theoretical). 

Attempted oondensatioœot cb.olest-4-en-3-one with paratormaldehyde aJ.d 

secondary amine hydrochlorides 

Morpholine, piperidine, and dimethylamine bydrochlorides were used. 

The procedure outlined in the attempted condensations ot cholest-5-en-3-

one was tollowed. The molar ratios of the ketone paraformaldehyde and 

amine salta were varied from 1:1:1 to 1:2:3 to 1:5:7.5. Absolute ethanol, 

n-butanol and isoamyl alcohol were snployed as solvants. Retluxl.ng time 

was varied from halt an hour to two hours in each case. A brown coloured 

visquous oil possessing tilm-tor.ming tendencies was the only isolable 

product in all instances. The oil contal.ned no nitrogen and could not be 

crystallized. 
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Attampted condensations of cholest-4-en-3-one with parator.maldabyde and 

secondary amines 

In the previously described apparatus (ct. p.103) , dry morpho Une 

(0.13 g.; 0.15 mmole) and paratormaldehyde (0.04 g.; 0.15 mmole) were 

stirred tor one hour at room temperature in a slow stream of dry nitrogen. 

A solution of 0.58 g. (0.15 mmole) of the katona in 2 ml. ot war.m isoamyl 

aloohol was added and the mixture was stirred tor 20 minutes at room tem

perature. Then 1t was brought to boiling in an o11 bath and all solide 

dissolved atter ten minutes. The solution was retluxed tor one hour, and 

the colour became light yellow. An oil was obtained upon evaporation to 

dr,ynees in vacuo. Crystallization took place within halt an hour of 

standiDS at room temperature. Atter one recr,ystallization from 95% etha

DOl and drying, 0.52 g. ot almost colourless needles was obtained, m.p. 

78-800, undepressed by admiature of an authentic sample of cholest-4-en-3-

one. The recovery of the unreacted material was 80 per cent. A similar 

result was apparent when piperidine was substituted to morpholine. 

When the retluxing time \'1'88 two hours or longer, a brown amorphous 

ma teri al result ad, regardless ot whether morpho lina or p1peridine was 

used. This material oould not be crystallized. Varying the molar ratios 

of the reactants did not affect the course ot the reaction. 

Di- [ x,x'-3-ll:etocholestap.ylJ methane 

The synthesis of di-Cx,x'-3-ketocholestanyl] methane involved the 

following steps: 



1. Preparation of' cholestanol by hydrogenation ot the oletinic 

double bond of' cholesterol. 

2. Oxidation ot cbolestanol to cholestan-3-one. 

3. Condensation ot cholestan-3-one w1 th paratorm.aldehyde in the 

presence ot a secondary amine hydrochloride to give 

di-[x,x' 3-ketocholestacyl] methane. 

1. Cholestanol 

107. 

Cholestanol was prepared by catalytic reduction ot cholesterol accord

illg to directions ot Hershberg (164}. Commercial cholesterol obta1ned from 

Brickman and Company was puritied by regeneration from the dibromide (145}. 

The hydrogenation was carried out as tollows: 

Cholesterol (9.66 g.; 0.0025 mole), platinic oxide (0.2 g.) prepared 

according to the procedure described in Organic Syntheses (165}, 125 ml. of' 

c.p. ethyl acetate and tour drops of' 72/fJ perchloric acid were placed in the 

reduction bottle ot a PARR law pressure hydrogenation apparatus. The tlask 

was evacuated, connected to the b;ydrogen tank ot the apparatus, flushed out 

three times w1 th hydrogen, aild warmed up to 46° by means of' an electrie re

sistance heater mounted under the bottle. The heater was turned off, and 

the heat of the axothermic reaction of hydrogenation kept the solution at 

about the starti:cg temperature. The initial pressure was 16 lbs./sq. in., 

and the tlask was shaken mechanically f'or 2Q-30 minutes. The hydrogen was 

removed from the f'lask by suction (water aspirator} and replaced with nitro

gan. The solution was then treated with two drops of' 50% sodium hydrorlde, 

and f'iltered with suction in order to remove the catalyst ·.. The f'iltrate 

was kept in the ref'rigerator overnight and yielded a tlrst erop of' cholesta

nol which was collected by filtration. The mother liquor was evaporated to 
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dryness under reduced pressure, and the residue recrystallized from 120 ml. 

of boiling methanol. The total yield of oholestanol, m. p. 138-140.5°, was 

8.3 g. (85 per cent of the theoretical). The mel ting point reported in the 

literature was 139-141° (164). 

2. Cholest an-3-one 

The preparation described in Organic Syntheses (166) was adopted. A 

solution of 9 g. of cholestanol in 9 ml. of benzene was added slowly with 

cooling (25-30°) to a solution of 11.7 g. of sodium dichromate in 9 ml. ot 

glacial acetic acid, and 9 ml. of concentrated sulphuric acid in 54 ml. of 

water in a 500 ml. three-necked flask equipped with a mechanical stirrer. 

The mixture was stirred vigorously for sevan hours at room temperature. 

Then, the benzene layer was separated, washed twice with water, once with 35 

ml. of 5% potassium by'droxide, and twice with water again. The solution ex-

hibited the tendency to emulsify end was centrifuged tor 20 minutes. The 

benzene layer separated niceJ.sr and the solvant was removed under reduced 

pressure. The residuel oil was dissolved in 55 ml. of boiling ethanol and 

left to crysta1lize at room temperature. The solution daposited colourless 

well-formed needles. The yie1d of thoroughly dried materiel was 6.5 g. (72 

per cent of the theoretical), m.p. 1.29-130°. The melting point reported 

{166) was 129-130°. 

Infrared absorption spectrum: 1710cm-l (vs) 0::0) 

3. ~[x,x' 3-ketocholestapyl] methane 

(i) A mixture of 0.58 g. (0.15 mmole) of cholestan. ... 3-one, 0.05 g. (0.15 

mmole) of parafor.maldehyde, 0.2 g. (0.15 mmole) of morpholine hydrochloride, 

fPld 2.5 ml. of isoamyl alcohol was placed in a 25 ml. three-necked flask 

equipped with a mechanical stirrer, a condenser piOtected by a calcium 

chloride drying tube, and a nitrogen inlet tube. The flask was placed in an 



oil bath and the mixture was heated to reflux with stirring in a slow stream 

of' Ditrogen. Al.l solids dissolved when the temperature reached 115° (atter 

f'ive minutes of' heating) and af'ter 20-30 minutes of' retluxing, solid mate

rial suddenly precipitated out of' the solution. The mixture was allowed to 

cool to room temperature and was kept in a ret'rigerator overnight. The 

product was eolleeted by tiltration with suction, washed a f'err times with 

eold 95% ethanol and dried. Wh1 te microcr,ystalline solid weighed 0.33 g. 

(35.4 par cent of' the theoretical based on cbolestan-3-one), and melted at 

205-207° to a deep brown liquid. Recr.ystallization from benzene gave a 

similarly looki.ng solid, m.p. 208•210°, which could not be raised by turther 

recrystallizations. 

Snal. Calcd. tor ~f5H9202: C, 84 .la%; H, 11.73%. 

Found: C, 83.86%; H, 11.64%. 

I.nt'rared absorption spectrum: 1725an-1 (s) and 1700cm-l (m) ( C= O) 

(ii) A similar yield of the above product was obtained in an analo

gous reaction in which piperidine hydrochloride was substituted for morpho

lina ~drochloride. 

(iii) When the reaction was carried out in absolute ethanol and re

flu:xing was maintained up to two hours, the unreacted cholestan-3-one was 

recovered in 95 per cent yield. 

(iv) In dry pero:d.de free dioxane, with reflurlDg time of' two hours, 

products haviDg meltfng point·a between 120° and 202'> were obtained. Only 

a small amount of' a product meltiDg at 205-29~ could be isolated and was 

not f'urther investigated. 
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(v) The yield of the product was not affected when the molar ratio of 

the ketone to paraformaldehyde was changed from.l:l to 2:1. 

Reaction of 2,4-dinitrophenyl!ydrazine with di-[x,x' 3-ketocholestanyl] 

.methane. 

To a solution of 29 mg. of the katona and 14 mg. of 2,4-dinitropheny'l-

hydrazine in 35 ml. of ethanol, was added with a capillary tube one drop of 

concentrated hydrochloric acid. The reaction mixture was refluxed for 15 

minutes on the steam bath. Upon cooling to room temperature, a small amount 

of an orange material separated. It was collected by til tration and dried; 

it melted at 22Q-222°. This product could not be recrystallized satisfacto-

rily in spite of num.erous attempts. 

Dd-[x,x'-di-3,6-ketocholestanyl] methane 

The synthesis of the abova compound involved the following steps: 

1. Preparation of oholestane-3,6-dione by oxidation of cholesterol 

to cholest-4-en-sp -lü-3-one, and isomerization of the latter 

product. 

2. Condensation of cholestane-3,6-dione with paraformaldehyde in the 

presence of a secondary amine hydrochloride to give di-[x,x'-di-

3,6-ketocholestanyl] methane. 

1. Cholestane-3,6-dione 

a) Preparation. of cholest-4-en-68 -ol-3-one , 
The procedure dascribad by Fiaser (167) was adopted. A solution of 

28 g. of cholesterol (pnrified through the dibromide) in 140 ml. of benzene 

in a 1-l,beaker, was diluted with 140 ml. of glacial acetic acid and quickly 
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cooled to 20° {a supercooled solution is obtained in that mannar). A solu-

tion of 17 g. of sodium dichromate dihydrate in 70 ml. of glacial acetic 

acid (also at 20°) was then added with stirring and an orange piste resulted. 

The mixture was kept at 15-20° for four hours and i ts viscosi ty decreased as 

the oxidation proceeded. It was allowed to stand at room temperature over--

night, was diluted with an equal volume of water and extracted with three 

portions of ether 80 ml. each. The ethereal extract was evaporated to dry-

ness under reduced pressure, and the green residue was dried tor six hours 

in vacuo over sodium hydroxide pellets. The dry solid was digested with 140 

ml. of warm petroleum ether (b. p. 60-90°), aDd the resulting green-yellowish 

solution was cooled in a refrigerator for one hour. The product which sapa-

rated was t.l.ltered with suction and dried. The yield was 5.5 g., m. p. 171-

1740. Recrystallization from n-hexane gave 4.4 g. {15.3 par cent of the 

theoretical) of white cotton-like needles, m.p. 182-184°. Fi.eser reported 

in two experimenta 16-17 per cent yie1d, and the m.p. of 184-185° and 189-

b) Isomerization of cholest-4-en-6-8 -ol-3-one to cholestane-3,6-dione 
1 

A solution of 4.4 g. of cbolest ... 4-en-6 ,B -3-one in 70 ml. of 9!5% ethanol 

containing 1.5 ml. of concentrated hydrochloric acid was refluxed in a 200 

ml. one-necked, round-bottomed flask equippad with a <Dndenser. Atter 15 

minutes of refluxiDg, some c:rystals of the dione had already separated. The 

total refluxing t1me was 1. 75 hours. The mixture was f'irst allowed to cool 

to room temperature and then was kept in a raf'rigerator overnight. The 

product was collected and dried; it weighed 4.0 g. (92 per cent of the 

0 
theoretical), m.p. 169.5-171 • 



The yield reported in the literature was 96 per cent and the m.p. 

0 170-171 • 

Intrared absorption spectrum (in Nujol): 1710cm-1 (vs) ( C::O) 

2. Di-[x,x'-di-3,6-ketocholestanyl] methane 

112. 

(i) Amixture of 0.60 g. (0.15 mmole) of cholestane-3,6-dione, 0.05 g. 

(0.15 mmole) of paratomaldeeyde, 0.2 g. (0.15 mmole) of morpholine hydro-

chloride, and 3 ml. of isoamyl alcohol was placsd in a 25 ml. three-necked 

conical flask equipped with a mechanical stirrer, a condenser fitted with a 

calcium chloride drying tube, and a nitrogen 1nlet tube. The flask was 

placed in an oil bath and the mixture was heated to reflux, dry nitrogen 

being passed through the system. .All solids dissolved when the temperature 

of the bath reached 1050. A:f'ter 45 minutes of reflurlng, the solution was 

dark yellow. Crystalline material separated upon cooli.ng to room tempera-

ture. The mixture was treated w1 th 0.5 ml. of water, and the organic layer 

was separated, dried over~drous magnesium sulphate and evaporated to dry-

noss in vacuo. The solid residue was recr,ystallized from about 250 ml. of 

boiling acetone and attorded cotton-like needles. The yield was 0.254 g. 

(21.2 per cent of the theoreticalbased on cholestane-3,6-dione); m.p. 214-

21~. Another two recrystall1zat1ons from the same solvant raised the melt

ing point to 242-242.5°. 

Anal. Calc'd for c5&raao4 ; C, 82.51%; H, ll.83% 

Found: C, 82.0~; H, 11.82%. 

Intrared absorption spectrum (in llujol}: 1727cm-l (s) and 1710an""1 (vs) 

( C=O}. 
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(11) When absolute ethanol was usad as solvant and the rei'luxiDg time 

was 6.6 hours, a mixture oi' amorphous and tarry materials was obtained. 

The,y were not investigated turther. 

(iii) In dioxane, the oompleteness oi' the reaction became apparent 

ai'ter 60-70 minutes oi' rei'luxing. The yield oi' the proàJ.ct was considera~ 

bly lawer than in isoamy1 alcohol. 

(iv) The yie1d oi' the product was not a1'1'ected by varyiDg the mo1ar 

ratio oi' ketone and parai'o:rmaldehyde !'rom 1:1 to 2:1. 

Attempted reaction oi' 2 14-dinitrophewl.hydrazine with d1-[x1x'-di-31 6-keto

cho1estenyl] methane 

The ketone (28 gm.) was p1aced in a thimble oi' a Soxhl.et apparatus. 

The material was extracted !'or 24 hours by a solution oi' 14 mg. oi' 2,4-

dinitrophenylhydrazine in 36 ml. oi' ethanol, to which one drop oi' concen

trated hydrocbl.oric acid was added with a capi1lary tube. The solvent was 

evaporated under reduced pressure. The residual semi-solid material 

remained oily ai'ter a thorough drying in vacuo over phosphorous pentoxide, 

and could not be purii'ied. 

Part II - Reduction ot oximinocholanic acids 

12-oximinocholanic acid 

12-0xtminocholanic acidwas prepared !'rom 3,12-dihydroxycholanic acid 

i.n three steps: 

1. Oxidation oi' 3,12-dibydroxycholanic acid to 3,12-diketocholanic 

ac id. 
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2. Clanmensen reduction of 3,12-diketocholanic acid to 12-ketocho-

lanic acid. 

3. Oximation of 12-ketocholanic acid to 12-oxi.minocbolanic acid. 

1. 3, 12-Diketocholanic acid 

3,12-Dibydro:xycbolanic acid was obtained from Brickman and Com.pe.ey, 

and was recrystallized from 7Cf1, ethanol; m.p. 172•173°; reported m.p. 172-

17'$> (168). For oxi.dilation, the procedure outl1ne4 by Heilbron (150) for 

the oxidiaation of acetylenic carbinols was adapted. 

The oxidiztng reagent was prepared according to the instructions of 

the latter author. To a solution of 13.35 g. of chramium trioxide in 20 ml. 

of water, 11. 5 ml. of concentrated sulphuric acid was added dropwise and 

with stirring, so as to avoid the formation of any precipitate. T'11e cold 

solution was diluted to 50 ml., i.e. an 8 N solution with respeet to oxygen. 

In a 4-1. beaker, 30 g. of 3,12-dihydro:x:ycholanic acid was dissolved 

in a minimum of 2.2-1. of reagent grade acetone, and the resulting solution 

was cooled to 20° in an ice-water bath. The oxidizing reagent solution was 

then added dropwise from a microburette until an orange-brownish oolour 

persisted (about 45 ml. of the reagent was used). The acetone solution was 

decanted from the inorganic residue, and was diluted w1 th water to a volume 

of about 6-1. The ketoacid precipitated immediately and was filtered with 

suction. The second crop was obtained by diluting the filtrate with 

another 2-1. of water. Af'ter thorough drying in vacuo over phosphoras · 

pentoxide, the first and the second crops weighed respectively 23.40 g. and 

0 
5.35 g.; m. p. 184-186 • Total yield was 28.75 g. (96 per cent of the 

theoreti cal). Wieland (151) reported a yield of 18 g. of 3, 1.2-diketochola

nic acid (m.p. 1950) from 35 g. of 3,12-dihydroxycholanic acid-acetic acid 

complex. 
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2. 12-Ketocholanic acid 

The procedure described by Wieland (169) was followed. 

In a 1-1. one-necked, round-bottamed flask equipped with a condenser, 

20 g. of 3,12-diketocholanic acid was dissolved in 240 ml. of 9~ ethanol, 

and to the resulting solution was added 200 g. of c.p. zinc metal in bars 

and 100 ml. ot concentrated hydrochloric acid. When the mixture had been 

re:t'luxed on the ste8lll bath for three hours, the evolution of byd.rogm dimi

nished greatly. Further portions ot 40 ml. of concentrated hydrochloric 

acid were added each hour to the retluxing solution over a period of twelve 

hours (total of 480 ml. added). The solution was decanted from the unreac

ted zinc residue and the ketoester precipitated upon cooling to roam tempe

rature. M'ter addition of 80 ml. of water, the product was e:xtracted w1 th 

three portions 150 ml. each of ether. The extract was neutralized with 1~ 

sodium carbonate, washed once with water and dried ovar anhyd.rous magnesium 

sulphate. The solvant was evaporated on the steam bath under raduced pres

sure, the residue was ttiturated with 95% ethanol 8.lld the crystalline pro

duct oollected and dried in vacuo over phosphorus::-: pentoxide. The yield was 

15.5 g. ( 74.8 per cent of the theoretical); m. p. 93-94°. Wieland ( 170) 

reported the melting point of 95° (no yield). 

For the saponification of the ketoester, the procedure outlined by 

Wieland and Dalle (171) was adapted. 

In a 100 ml. roUDd-bottomed flask, 15.5 g. of the ester in 60 ml. of 

1 N methanolic potassium hydro:rlde was reflu:xed until a small sample ot the 

solution remained clear upon dilution w1 th water (one and a hal! hour re

fluxing time). Then the solution was greatly diluted with water and treated 

with ~ sulpburic acid till slightly acidic reaction to litmus. Free acid 

precipitated and was collected on the filter, dried, and recrystallized 
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twi ce from 95% ethanol. The dry pro du ct weighed 10.7 g. ( 75 per cent of 

the theoretical.), and melted at 184-1850. Wieland reported the m.p. of 

187° (no yie1d). 

In1'rared absorption spectrum: 1715cm-l (sh) (COOH), 1705cm-l (vs) (C==O). 

3. 12-o:.dminocholani c aci d 

A modification of the procedure of Schenck and Klrchhof (172) was used. 

In a 500 ml. one-necked, round-bottomed flask equipped with a reflux 

condenser were placed 6.25 g. (0.116 mole) of 12-ketocbolanic acid, 5.75 g. 

(0.082 mole) of hydroxylamine hydrochloride, 6.6 g. (0.080 mole) of fused 

sodium acetate and 265 ml. of 95% ethanol. The mixture was refluxed on 

the steam-bath for two hours, allO'Hed to cool to room t6!!1perature and was 

slightly acidified with 30% acetic acid. The product separated and was col

lected by filtration with suction. After drying, it was redissolved in 

about 2-1. of boiling 95% 9thanol, and hot water was injected into the alco

holic solution till slight turbidity occurred. The oxime precipitated in 

form of prisms within a. few hours of standiDg at room temperature, and was 

filtered off. The second crop of pure product was obtained upon addition 

of more water to the filtrate. The combined crops were dried in vacuo over 

phosphD~as pentoxide. The total yield was 6.3 g. (9~ of the theoretical); 

the prod.uct sintered at 225°, melted at 235-2360 to a dark brow.n liquid. 

According to Schenk (172), the oxime sintered at 185°, turned yellow at 225° 

and melted at about 245°. 

Anal. Cale 'd for: c24~9o~: N, :3.60%. 

Found: N, 3.68%. 

Infrared absorption spectrum: 3320cm-l ( s) (O-R), 1740cm-l (m) ( COOH) 

1700cm-l (vs) ( c~O), 164:7cm•l (m) (C==N) 
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12/? -.Aminocho1anic acid 

Reduction of l.2-oximinoch.o1anic acid wi th sodium in a1coho1 

(1) In n-propano1 

Reagent grade n-propanol (b.p. 96.5-97.5°) was dried before use by 

dist1111ng it from sodium. 

In a 100 ml. three-necked, round-bottomed f1ask equipped with a 

mechanical stirrer, a condenser fitted with a calcium chloride dr.1ing tube 

and a nitrogen inlet tube, 0.50 g. (0.0013 mole) of 12-oximinocho1anic acid 

was dissolved in 58 ml. of dry n-propano1. The solution was stirred and 

heated to reflux in an oi1 bath in a slow stream of dry nitrogen. Sodium 

(2.5 g.; 0.10 mole) was then added in small pieces over a period of three 

and a half hours. Gradu.al.ly, the solution becEI!le ye1low. When the addition 

of sodium had been comp1eted, the content of the flask was transferred to a 

150 ml. beaker which was cooled. in an ice-water bath. The solution was made 

slightly acidic with 4% sulphuric acid. Then the propanol was distilled off 

in vacuo in nitrogen atmosphere, and a certain amount of the product came 

out of solution. The precipitation was made complete by adjusting the PH 

to 5.6-5.8 w1 th 1% sulphuric acid usi:ng a pH-mater •. The yellow so1id was 

filtered with suction and dried. The yield was 0.475 g. (98 per cent of 

the theoretical); m.p. 122-126° to an opaque visquous liquid which c.laarad 

at 138-1400. The product was dissolved in 20 ml. of hot acetone and the 

resulting yellowish solution was filtered with suction (water aspirator} 

through celite and carbon Nuchar -Cl90-N. The colour1ess filtrate was con

centrated under reduced pressure to 10 ml. and heated up to boiling; hot 

water was then added dropwise until the solution became slightly turbid. 

Upon cooling to roam temperature, the product precipi tated in the tom of 

needles which were collected on the filter and dried. They melted at 
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115-116° to an opaque mass which became fluid over the range 128-140°. 

Another recrystallization from acetone-water gave a product whiCh melted 

at 115-116° to a liquid wbich became transparent at 120°. 

Anal. Calc'd. for C24H4102N, 3H20: C, 67.13%; H, 10.90%; N, 3.24 

Found: C, 67.20%; H, 10.~; N, 3.53 

Infrared absorption spectrum: 3440cm-l (m) (O-H), 3040cm-1 ( sh) (~), 

1625cm-1 Cm) <NH3), 155oan-1 cs) ccoo-1}. 

When the crude product was purified by recrystallization from the 

following solvents, materials havin.g different me1t1ng points were obtained: 

from dimeteyltormanidewwater, me1ting at 125-127°; :trom ethano1""Water, sin

tering at 1230, melting at 127-129°; from methanol""Water, si.ntering at 124°, 

melting at 131°. The infrared absorption spectra of all these products were 

identical with the spectrum of the material purified by recrystallization 

from acetone water. 

The. ·hydro chloride of 12 ~ -aminocholanic ac id was prepared by treati:cg 

40 mg. of the amino acid w1 th 0.5 ml. of concentrated hydroehloric aeid, 

evaporating to dryn.ess under reduced pressure, and repeating this process 

five times. The white residus, when heated, began to turn yellow at 2200, 

and melted at 245-247°. Recrystallization from methanol-water gave white 

powder-like product which melted at 257-258°. 

Intrared absorption spectrum: 1705cm·l (vs} ( C= 0); 1610cm-l (m) (NH3). 

(ii) In n-butanol 

When the reduction of 12-o:d..minocholanic acid was carrted out in n-

butanol, a similar yield of - 12- ~aminocholanic acid was obtained as inn .. 

propanol. 



119. 

(iii) In isoamyl alcohol 

The procedure out1ined in (i) was followed and a product obtained in 

good yie1d was recrystallized several times from ethanol-wa.ter and from 

acetone-water. Af'ter a thorough drying in vacuo at 800 oYer phospbo:J"tWW:· 

pentoxide, it melted at 174-176° to give an opaque maas which becane tluid 

and transparent at 185-18~. The nitrogen content was hal! of the one re

quired by 12-aminocholanic acid. This material was not further investiga

ted. 

Attempted reduction of 12-oximinocholanic acid with sodium amalgam in abao

lute ethaDol 

The sodium amalgam was prepared according to the procedure described 

by Voge1 (173). In a lOO ml. three-necked, round-bottaned flask equipped 

with a mechanical stirrer, a condenser fitted with a calcium chloride tube 

and a nitrogen inlet tube, 0.20 g. (0.51 mmole) of 12-oximinocholanic acid 

was dissolved in 20 ml. of dry ethanol, and the solution was heated to 

reflux in an oil be:th. Then 26.6 g. ot 3% sodium am.algam was added, and the 

mixture was stirred and reflu:x:ed ton six hours in a slow stream of nitrogen. 

At this time the major part of the amalgam seemed to have reacted, and the 

supernatant solution was decanted, allowed to cool, diluted w1 th water to 

50 ml., and neutralized w1 th 4% sulphu.ric acid. A white product which pre

cipitated was collected by filtration with suotion and dried; it weighed 

0.180 g., melted at 178-179° to a milky liquid which cleared completely at 

198-201°. One ~ecrystallization tram ethanol gave platelets, m.p. 18ü-182°. 

These were identified as 12-ketocholanic acid by a mixed melting point 

determination (183-184°) with an authentic sample ot the ketoacid. An oxime 

derivative of the reaction product was prepared. A mixed mel ting point 

determination with an original sample ot 12-oximinocholanic acid showed no 
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depression (238-240°). 

3,12-~oximinocho1anic acid 

This acid was prepared from 3,12-dihydroxycholanic acid in two steps: 

1. Oxidation of 3,12-diby'dro:xycholanic acid to 3,12-diketocholanic 

ac id. 

2. Oximation of 3,12-diketocholanic acid to 3,12-dioximinocho1anic 

acid. 

1. 3,12-Diketocholanic acid 

The preparation described above (ct. p.114) as one of the steps in the 

synthesis of 12-oximinocho1an1c acid was adopted. 

2. 3,12-Di.oximinocholanic acid 

A modification of the procedure outlined by Schenck and Kirchhot (174) 

was used. 

In a 1-1. one-necked, round-bottomed f1ask equipped with a condenser, 

a solution of 12.5 g. (0.033 mole) of 3,12-diketocholanic acid, 23 g. (0.33 

mole) of hydroxylamine hydroch1oride, and 26.4 (0.32 mole) of f'used sodium 

acetate in 500 ml. of 95% ethanol was refluxed for two and a half hours. 

Af'ter the reaction mixture had cooled to room temperature, the resu1ting 

t!rystal.line s1urry was poured into 200 ml. of water with stirring, and the 

crystalline pDDduct was rcmoved by filtration and dried. The yield was 

quantitative. The product sintered at 170°, melted at 184°. The melting 

point could not be raised by turther recrysta111zation from ethanol. 

Schenck (174) reported sintering at 170°; m.p. 188-189°; no yiald was 

given. 
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3 oL,l2 ~ -diaminocholanic a.cid 

Reduction of 3,12-dioxim.inocholanic acid with sodium in alcohol 

( i) In n-propanol 

In a 100 ml. three•necked, round-bottamed flask equipped with a mecha-

nical stirrer, a condenser guarded by a calcium chloride dry'ing tube and a 

nit~gen inlet tube, 0.40 g. (0.001 mole) of 3,12-dioximinocholanic acid was 

dissolved in 60 ml. of dry n-propanol. The solution was stirred and heated 

to reflux in an oil bath, dry nit:rogen be1Dg pa.ssed through the systEIIl. 

Sodium (4 g.; 0.17 mole) was then added in small pieces over a period ot tour 

hours. Gradually, the solution became brownish. \Vhen the addition ot sodium 

was completed, the :reaction mixture was cooled in an icewwater bath and brougl:It 

to a pH ot about 9 w1 th 4% sulphuric acid. The propanol was evapora.ted under 

reduced pressure, and the pH ot the aqueous solution was :f'urther adjusted to 

8.6-8.8 with 1% sulphuric acid, using a ~eter. A yellowish p:roduct preci• 

pitated and was collected b,y filtration with suction and dried. The yield 

was 0.245 g. ( 65 per cent ot the theoretical). Three recrystallizations 

trom methanol-water gave white produet which melted at 244-246°. 

Found: C, 70.3~; H, 10.6~; N, 6.5~. 

Intra.red absorption spectrum: 3380-cm-1 (s) (O-H, NH2), 1660cm-l (sh) (NH2), 

1623cm-1 { s) (~)' 1575cm-1 (vs) { coo-). 

(ii) In n-butanol 

In a similar experiment in which n-propanol waa used instead ot n-

butanol, the solution remained colourless during the tirst three hours ot 

retluxing. The yield ot the crude produet was 73 per cent ot the theoreti-

cal. 
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3J ,12J ,24-tri&dro:qcholane 

Purification of tetrahydrofu:r:an*' 

The peroxides were destroyed by shaking vigorousl.y one quart of the 

solvant for a few minutes with equal amounts of ferrous sulphate heptahy-

drate and sodium bisulfate. Then, a small amount of solid sodium hydroxide 

was added in order to destroy iron complexes. The solution was filtered 

and dried over sodium hydroxide pellets tor several deys with occasional 

shaking. The solvant was distilled, the last 50 ml. being discarded, and 

the distillats was dried a few times over sodium wire until the sodium did 

not become yellow on standing. Finally, the tetrabydroturan was distilled 

from lithium aluninium. hydride. 

Reduction of 3,12-dioximinocholanic acid with lithium aluminium gydride in 

tetrahydro:f'uran 

(i} Lithium aluminium bydride (0.365 g.; 0.0096 mole) was dissolved 

in 20 ml. of dry tatrahydrofuran in a lOO ml. three-necked, round-bottamed 

flatk aquipped with a reflux condenser fitted with a calcium chloride 

drying tube. A second neck of the flask was provided w1 th a dropping tunnel 

protected by a calcium chloride tube, and containing a solution of 0.30 g. 

(0.76 Dmole} of 3,12-dioximinocholanic acid in 30 ml. of dry tetrabydroturan. 

The third neck or the flask was equipped with a nitrogen inlet tube. The 

flask was surrounded by an alectri c heating mantle and equipped. w1 th a mag-

netic stirrer. The entire apparatus was ewept with dry nitrogen and the 

hydride suspension was stirred and refluxed for half an hour. The dioxbae 

solution was then added dropwise over a period of forty minutes and a white 

complex was formed as aoon as the solution came in contact wi th the bydride 

'â The gift or several quarts of tetrahydroturan from .IÀlPont Co. Of Canada 
is gratetully aeknowledged. 
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suspension. The resulting mixture was stirred and refluxed for a further 

period ot two hours. After the stirred slurry cooled to room temperature, 

it was hydrolysed by dropwise addition of 50 ml. of a saturated sodium po-

tassium tartrate (Rochelle salt} solution. Tetrahydrotu.ran was then evapo-

rated on the steam bath under reducad pressure (water aspirator) and a sami-

solid material separated in the aqueous phase. It was extracted with three 

40 ml. portions of n-butanol. The alcoholic extract was vrashed once with l~ 

sulphuric acid, twice with water, and dried ovar anhydrous magnesium sul-

phate. The solvant, ai'ter filtrat ion, was evaporated in vacuo, leaving an 

amorphous residue which weighed atter drying 0.225 g. (83 per cent of the 

theoretical). This product contained DO ni trogen, and was recrystallized in 

the following way: it was dissolved in 2 ml. of 95% boiling ethanol, and 

hot water was added dropwise till slight cloudiness occurred; the solution 

was then seeded. The crystals used for seeding were obtained by cooling a 

few drops of the solution in a dry ica-acetone mixture for 2-3 minutes, and 

keeping the resulting solid in a refrigerator overnight. Upon crystalliza-

tion of the main crop, long white needles were obtained, and they were re

o crystallized from acetone-water,yielding a product me1ting at 166-169. 

Anal. Ca1c'd for: c24H42o3 : c, 76.19%; H, 11.11% 

Found: C, 75.8~; H, 11.4~ 

Infrared absorption spectrum: 3340c:m-1 (vs) (H-o); 1075, 1055, 1042cm-l (a}, 

10llan-1 (vs) (C=O). 

The benzoate derivative of 3~ ,125 ,24-trihydroxycho1ane was prepared 

by dissolving 20 mg. of the triol in 1 ml. of pyridine and adding two drops 

of benzoyl chloride. The solution was heated on the steam bath for a few 
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minutes, then was poured on crashed ica. An oil settled on the bottam, the 

supernatant liquid was decanted and the oil was .rubbed with a glass rod until 

it solidified. The solid was dried in vacuo for twenty-four hours over phos

phorns · pentoxide. The infrared absorptional spectrum showed the following 

bands: 3400cm-1 {s) (O-H); 1780cm-l (m) and 1715am-l (s) C==O); 3060am-1, 

1600cm-l, 705cm-1 (aromatic ring vibrations). 

(11) In an experiment similar to ( i), the mol ar ratio of 3,12-d.ioximino

cholanic acid to lithium aluminium hydride was 1:2. The product contained no 

nitrogen and melted over a wide range of temperature. 

Infrared absorption spectrwn: 3400cm-l (s) (O-H); 1705cm-l (s) 0=0). 

7,12-Dioximinocholanic acid 

The synthesis of 7,12-dioximinocholanic acid was carried out in two steps: 

1. Clemmensen reduction of 3,7,12-triketocholanic acid (dehydrocholic 

acid) to 7,12-diketocholania acid. 

2. Oximation of 7,12-diketocholanic acid to 7,12-dioximinocholanic acid. 

1. 7,12-Diketocholanic acid 

Dehydrocholic acid was obtained from Brickman and Company, and was used 

without turther purification. 

For Clamaensen reduction, the procedure of Wieland and Boerséhé (170): was 

adopted. In order to ensure complete solution of de~drocholic acid, an addi

tional amount of 62.5% of ethanol was required. 

In a 1-1. one-necked, round-bottomed flask equipped with a condenser, 20 

g. of dehyd.rocholic acid was dissolved in 325 ml. of 95% ethanol, and to the 

resulting solution, 200 g. of c.p. zinc metal in bars and 4.0 ml. of 
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concentrated hydrochloric acid vere added. The mixture was heated to reflux 

on the steam bath for one hour, and then further portions of concentrated 

hydrochlorie acid, 20 ml. each, were added every hour over a period of 20 

hours. The total refluxing time vas tventy-two hours. The supernatant solu

tion was decanted from the unreacted zinc residue, and on cooling to room 

temperature, the first crop of the diketoester separated. The material was 

filtered off with suction, and the filtrate deposited the second crop upon 

dilution with 50 ml. of water. Both crops were combined and recrystallized 

from about 50 ml. of 95% ethanol. The product was collected by filtration 

with suction and dried in a vacuum oven at 80° for 8 hours. The yield was 

15 g. (75 per cent of the theoretical), m.p. 157-159°. Wieland reported 80 

per cent yield and the melting point of 162°. 

Ethyl 7,12-diketocholanate (15 g.) vas saponified by refluxing it for 

one hour in 60 ml. of 1 N methanolic potassium hydroxide. The solution was 

diluted with a large amount of water, warmed up to about 40°, and neutralized 

with warm 1% sulphuric acid. The free acid precipitated and was collected by 

suction filtration. One recrystallization from 95% ethanol gave 11 g. (78 

per cent of the theoretical) of the product melting at 175-176° (lit. m.p. 

177°). 

2. ?,12-Dioximinocholenic acid 

The procedure described by Sehenck and Kirchhof (175) was followed. 

In a 1-1. one-necked, round-bottomed flask equipped with a reflux con

denser, a solution of 10 g. (0.026 mole) of 7,12 di-ketocholenic acid, 20 g. 

(0.28 mole) of hydroxylamine hydrochloride in 70 ml. of water, J?O ml. of 

95% ethanol and 105 ml. of 10% sodium hydroxide was refluxed on the steam 

bath for one hour. After fifteen minutes of refluxing , the crystals of the 

reaction product began to separate. The product was filtered with suction 
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and dried. 
0 

The yield was quantitative, m.p. 238-240 • One recrystalliza-

tion from ethanol-water raised the melting point to 243-244° (dac.). The 

melting point given in the literature was 273° (dec.). 

Anal. Oalc'd tor o24B3SN2o4 : O, 68.89%; H, 9.10%; N, 6.69%. 

Found: O, 68.9~; H, 8.7~; N, 6.62% 

Intrared absorption spectrum: 1655am-1 (m) and 1637cm -l (m) ( C=N). 

7B ,128 -Diaminocholanic acid 
r ' 

Reduction of 7, 12-dioximinocholanic acid wi th a:> dium in alcbhol 

(1) In n-p:ropanol 

In a 100 ml. three-necked, round-bottomed tlask equipped with a mechan1-

cal stirrer, a condenser titted with a calcium chloride drying tube and a 

nitœçgen inlet tube, 0.20 g. (0.5 mmole) of 7,12-dioximinocholanic acid was 

dissolved in 40 ml. of dry n-propanol. The solution was stirred and heated 

toreflux in an oil bath in a slow stream of dry nitrogen. Sodium (2 g.; 

0.085 mole) was added in small pieces to the stirred and refluxing solution 

over a period of three hours. Gradually, the reaction mixture became brown. 

It was cooled in an ice-water bath and brought to pH o1' about 9, 1'irst w1 th 

4% and then w1 th Z'J, sulphuric acid. Propanol was evaporated under reduced 

pressure, and 1% sulphuric acid was added caretu.lly usi.Dg a pH-meter till 

the p:roduct precipitated (pH 8.3-8.6}. The solid was 1'iltered o1'1' and dried. 

The crude product was yellowish and weighed 0.155 g. {83 par cent of the 

theoretical). It was dissolved in about 8 ml. of 95% ethanol, and the solu-

tion was filtered through celite and carbon Nuchar-0190-N. The slightly 

coloured filtrate was concentrated to 4 ml. by warming on the steam bath 

and simultaneously blowing a stream of ni trogen into the flask; the vapours 
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ot solvant were removed by suction (water aspirator). Upon standing at 

room temperature, the solution deposi ted needles which, atter drying, 

0 
melted at 125-135 • Further two reccystallizations from acetone-water 

attorded long needles meltiDg at 128-130° to a mass whi ch became tluid at 

Anal. Calc'd tor: Oa4fl4202N2t 1.5 H20: C, 69.0~; H, 10.31%; N, 6.71% 

Found: C, 68.52%; H, 10.32%; N, 6.5~. 

Intrared absorption spectrum: 3400am-l (m) (0-H), 1635cm-1 , 1630cm-1, 

-1 + 1 1560cm (sh), (NH2,Nll3); 1550an- (m) (coo·). 

(11) In n-butanol 

In an experim.ent similar to (1), the oolour of the reaction mixture 

was lighter and the yield of the cru de product was 85 12 r cent of the theo-

retical. 

7J....Imino-,12-ortmino-24-i-hydro:qcholane 

Reduction of 7,12-dioximinocbolanic acid with lithium aluminium hydride in 

tetrahydroturan 

Lithium aluminium hydride (0.73 g.l 0.02 mole) was disaolved in 50 ml. 

ot dry tetrahydroturan in a 300 ml. three-necked, round-bottomed f'lask 

e~uipped with a reflux condenser fitted with a calcium chloride drying tube. 

A sedond neck of the f'lask was provided with a dropping tunnel guarded by a 

calcium chloride drying tube, and containing a solution ot.60 g. (0.0015 mole) 

ot 7,12-dio:x:iminocholanic acid in 80 ml. of dry tetraeydroturan. The third 

neck of the :f'lask was provided with a nitrogen inlet tube. The tlask was 

equipped with an electric heating mantle and a magnetic stirrer. The entire 

apparat us was swept w1 th d:ry ni trogen, and the hy'dride suspension was 
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stirred and retluxed tor hal! an hour. The dioxime solution was then added 

dropwise over a period of tourty minutes. The white camplex began to torm 

atter ten minutes, and when the addition was completed, a large amount of 

the slurry was alreaey present in the reaction mixture. S'Urring and re-

tluxing were continued tor a turther period of two and a hal! hours. Ai'ter 

the suspension had eooled to room tEill.perature, it was hydrolysed by dropwise 

addition of 100 ml. ot a saturated sodium potassium tartrate (lb chelle salt) 

solution. Tetrabydrof'uran was then evaporated under reduced pressure, and a 

wbi te precipitate separated from the aqueous solution. The product was ex-

tracted with tour 50 ml. portions ot n-butanol. The extract was washed once 

with 1% sulphuric acid, twice with water, and was dried over anhydrous magne-

sium sulphate. The rolution was tiltered and butanol was evaP'rated on the 

steam bath under reduced pressure. The crystalline residue was dried, 

0 
weighed 0.450 g. (77.6 percent of the theoretical), melted at 203-209 and 

became transparent at 2150. Recrystallization from 95% ethanol gave shiny 

plates, bro~ing at 220°, melting at 228-230°. Another recrystallization 

from the same solvant raised the melting point to 234-236° (turning yellow at 

222°). 

Anal. Ca1c'd tor c~380zNz: c, 71.7~; H, 9.74%; N, ?.1?% 

Found: C, ~1.16%; H, 10.1~; N, 7.15% 

Intrared absorption spectrum: 3300cm-1 (vs) (o-H); 1660cm-l {m) (C=N, NH2 ). 
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7} -Amino-12-keto; 24-h.Ydro:xycholane 

7'J -Amino, -12-oxiln1.no, -24-hydro:qcholane ( 15 mg.) was dissolved in 3 

ml. of 95% ethanol in a 25 ml. round-bot~omed tlask equipped wi th a reflux 

condail.ser and one drop of 4% l:zy'drochloric adid was added to the solution. 

The reaction mixture waa retlu:x:ed tor 20 minutes, then was concentrated to 

a volume of 1 ml. by warming on the steam bath and simultaneously blowing a 

stream of nitrogen into the tlask; the vapours of solvent were removed by 

suction (water asplrator). Short needles separated on standing at room 

temperature, they were filtered with suction and dried; m.p. 18Q-183°. 

Recrystallization fran ethanol-water gave needles melti:og at 183-184°. 

Found: C, 70.83%; H, 9.98%. 

Intrared absorption spectrum: 3300cm-l (vs) (O-H); 1700cm-l (m) (c~o}; 

1655cm-l (m} (NH2}• 

Analyses 

The melting points were deter.mined in a Thiele-Dennis melting point tube 

containing !À)W CorniJlg silicone f'luid No. D. c. 550, and are Wl.Corrected. 

Carbon, hydrogen ,microanalyses of' di-[:x:,:x:' 3-ketocholesta.nyl] methane 

and of di-[x,:x:'-di-3, 6-ketocholestanyl] methane were carried out by the 

Schwarzkopf' microanalytical laboratory in Woodside, N. Y., U.s.A.; the re

maining analyses were pertormed by w. Menser laboratory in Zurich, Switzer-

land. 
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SUMIIARY AND CLAIMS TO ORIGINAL RESEARCH 

1. An investigation of the Mannich reaction of saturated and unsaturated 

ketosteroids cantaining active hydrogen atome in rings A or/and B was 

carried out under a variety of experimental conditions. 

2. When cholest•5-an-3-one was allowed to react with morpholine and para-

formaldehyde using isoamyl alcohol or dioxane as solvants, a nitrogan-

containing product was isolat ed. once in each instance. These condensa-

ti ons could oot be reproduced in spi te of numerous attemps. 

3. The ketones reacted preferent i ally w1 th formaldehyde rather than wi th 

free amines or their hydrochlorides which were used as the third react-

ant. 

4. An explanation was oftered for the higher reactivity of cholest-5-en-3-

one as compared to that of cholest-4-en-3-one. The foxmer reacted in 

the presence of either free amine or its hydrochlorid.e; the latter only 

in the presence of an amine bydrochloride. The reaction products were 
. . 

brown visquoua oils devoid. of ni trogen. 

5. When saturated ketones, cholestan-3-one and cholestane-3, 6-dione, were 

brought into reaction w1 th formaldehyde and sine hydrochlorides, the 

condensa ti on products were i dent ifi ed as methylene-bis-ketones. The ir 

structures were postulated to be di-[2,2'-3-ketocholestanyl] methana 

and di-[4,4 1-di-3,6-ketocholestanyl] methane, respectively, on the 

basis of the reaction mechanism of brominations of cholestan-3-ons and 

cholestane-3,6-dione, and infrared spectroscopie resulta. 
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6. A reaction mechanism v,ras proposed for the r3aotion of saturated keto

steroids with fo:rmalàebyde. Sinoe there was no evidence :for the 

effective participation of an amine hydrochloride, tvro alternate 

schemas were presented. 

7. The infrared absorption spectrum of cbolestan-3-one was recorded tor 

the first time in potassium bromide. By oomparison w1 th the spectrum. 

dete:rmined in solution there was a 5-lOom-1 shift ot maxima towards 

lower trequencies. 

s. The preparation ot 3,12-diketocholanic a.cid (dehydrodeso~chollc acid) 

from 3,12-dihydro~cholanic acid ( desoxycholic acid) was significantly 

improved as to the yield (from 70 to over 90 per cent) and to the ease 

ot isolation of '..l-the product. 

9. The reduction of various oximinocholanic acids using sodium in alcohol 

and lithium aluminium hydride was carried out under moditied conditions. 

10. 12,8-.Aminocbolanic acid and its hydro<illoride, 3ot.,l2~-diamino- and 

7ft, 12/3 -diamino-cholanic ac ids were synthesized from the oorrespond

ing eximinocholanic acids using sodium in n-propanol or n-butanol. The 

infrared absorption spectra of the above compounds were dete:rm1ned and 

constituted additional evidencs that these steroidal amino aoids possess 

a dipole structure. The equatorial confonnation was allotted to mnino 

substituents on the basis ot the mode of preparation. 

11. The reaction of 3,12-dio:D.minocholanio acid with lithium aluminium 

hydride in tetrahydroturan was investigated and found to proceed in an 

unusual way. The carboxyl group was reduced to a primary alcobol, 
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wheraas the oxime groups were transfo:rmed to secondary alcohols. The 

resulting 3 ~ , 12 ~ , 24-trihydro:xycholane was characterized. as 1 ts 

benzoyl derivative and b,y the infrared absorption spectrum. 

12. A reaction mechanism was proposed for the reaction of 3,12-dioxi.mino

cholanic acid with lithium aluminium hydride. 

13. The reduction of 7 ,12-dio:ximinocholanic acid with lithium aluminium 

hydride was carried out in tetrahydrofuran. It resulted in the reduc

tion of the carboxyl group to a primary e.J.cohol and in the reduction 

of one oxime group to a primary amine. The amine substituent was 

postulated to be located in po si ti on 7 rather than 12 because of 

lasser steric hindrance. The p:roduct, 7J -amino-12-oximino-24-hydroxy

cholan.e, was also identified by the infrared absorption spectrwn. 

14. An acidic hydrolysis ot the latter compound af:f'orded a product which, 

in accordance \lli th the postulation of its precursor, was assigned the 

structure 7~ -amino-12-keto-24-hydroxycholane. It was further charac

terized by the in:f'rared spectrum. 

15. The infrared absorption spectra of the following ketocholanic acids 

were recorded for the :f'irst time [in potassium bromide], and. the 

correlation between their structures and absorption maxima was dis

cussed: 

a) 12-Ketooholanic acid 

b,) 3, 12-Diketocholanic acid 

c) 7, 12-Diketocholanic a.cid 

d) 3,7,12-Triketocholanic acid 
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16. The ini'rared absorption spectra of the tollowing oximiilocholanic 

acids were determined for the tiret time [in potassium bromidel, 

and the correlation between their structures aild absorption maxima 

were discussed: 

a) 1.2-0::z::iminocholanic acid 

b) 3,12-Dio::z::iminocbolanic acid 

c) 7,12-Dioximinocholanic acid 

d) 3,7,12-Trioximinocholanic acid 

17. The tollowing new compounds were prepared: 

a) 

b) 

c) 

d} 

e) 

!) 

g) 

h} 

Di-[::z::,x'-3-ketocholestanyl] methane, m.p. 208-210° 

D1-[x,x'-d1-3,6-ketocholestany1] methane, m.p. 242-242.5° 

12 p -.l\minocholanic ac id, m. p. 115-116° 

:3ot, 12 J3 -Diaminocholanic acid, m.p. 244-245° 

7 p ,12p -Diaminocoo1anic acid, m.p. 128-130° 

3) ,12"' ,24-Trihydro:xycho1ane, m. p. 166-169° 

0 
3 ~ -.Amino-12-oximino-Z4-bydroxycho1ane, m. p. 234-236 

0 
3~ -.Amino-12-keto-24-hydro::z::ycho1ane, m.p. 1€8-184 , 
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