UDC 547.722 + 547.743,1 + 542,934.2,941.4.7 + 543,422

SATURATED NITROGEN HETEROCYCLIC COMPOUNDS

I. Catalytic Synthesis of a-PyrroIidylalRan-3—Ols from
Primary and Secondary Furan Amines

A. A. Ponomarev, M. V. Noritsina, and A. P. Kriven'ko

Khimiya Geterotsiklicheskikh Soedinenii, Vol. 2, No. 6, pp. 923-931, 1966

Results are given of research on the synthesis of o -pyrrolidylalkan-3-ols by hydrogenating primary and
secondary furan amines under pressure over Raney nickel in aqueous acid solution. Some views about the
mechanism of the reaction are put forward. It is shown that the relative yields of the o -pyrrolidylalkan-3-ols
and corresponding tetrahydrofuran amines depend both on structural peculiarities of the starting furan amine,
and on the hydrogenation conditions.

Many pyrrolidylalkanols and their derivatives possess biological activity and are encountered in nature. However,
because of the inaccessibility of the starting compounds, and the several stages involved, in most cases, it is difficult to
synthesize such pyrrolidine compounds [1-5].

In 1963-1964 we published [6, 7] preliminary reports about a new reaction for obtaining pyrrolidine systems from
furan amines by hydrogenating the latter in aqueous acid solution. At present, not only is the sphere of application of the
reaction more clearly defined, but, thanks to its extension to secondary furan amines, the mechanism of the process it -
self has become clearer. In this connection it is of significance that among the products of hydrogenation of 11(5'-
methyl-2"~furyl)-8 -aminobutane have been found not only the corresponding tetrahydrofuran amine and pyrrolidylal -
kanol, bur also 2-aminononan-5, 8-diol. All this goes to show that the general mechanism of the reaction is identical
with that of reductive amination, and consists of intramolecular reaction between amino group and carbonyl in the
aminodicarbonyl compound initially formed by hydrolysis of the furan ring.

won MG .

R‘@—(I:H—(':H—(I:H—“R"’ IR R—C C—CHR'—CHR"

° ® R NHR™ 0 0 HN—CHR”

b
R” — ~R
7 R~ —CH,—CH,—CH(OH)—R

T R.R”, R”=H,Alk’

R - R, R”" = H, CH,

The resultant cyclic azomethine or hydroxyamine then suffer, respectively, hydrogenation or splitting off of the
hydroxyl group due to hydrogenolysis. The second carbonyl group is hydrogenated to an alcohol one.

The tetrahydrofuran amine is a product of direct hydrogenation of the double bonds of the furan ring in the starting
amine, which takes place at the same time as hydrolysis.

Existing data make it possible to establish that the relative yields of tetrahydrofuran amine and pyrrolidylalkanocl
are affected by: a) structure of the starting amine, i.e., existence, position, and nature of side-chain substituents; b)
initial hydrogen pressure. ‘

The presence of alkyl groups in the side chain of the furan amine leads to formation of a somewhat increased yield
of pyrrolidylalkanol. However, the minimum effect is shown by substituents at the third carbon atom, considerably
greater effect by those at the second one, and the maximum effect at the first carbon atom from the ring, i.e., the
effect of the side chain group decreases as its distance increases (see Table 1). In all cases isopropyl has a greater effect
than ethyl.
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Table 1

Relative Yields of Hydrogenation Products of Furan Amines
(at 100° C, initial hydrogen pressure ~100 atm)

Yield, %
Starting amine ;f;taltgr‘l Z{é;(;llétl:line
amine
@*—CHy—CH,—CH,—NH, 62 18
®—CHp—CH,—CH—CH; 60 20
N,
CH:
¢—CH2~CH2—CH~CH2—(%H 53 ’ 29
rlm2 (llHa ‘
®—CHy—CH—CH,—NH, 40 30
&t
®—CH—CH,—CH—CH, . 42 36
CsHs NH,
®—CH,—CH—CH,—NH, 19 46
Catt
®—CH—CH,—CH—CH, 27 49
CsHy NH;
HyC—@**—CH—CHy—CH-—CH, 19 50
b,
@—CHy—CHy—CH,—NH—CH, 57 21
@—CH—CH,—CH—CH;
CsH, 1\lIHCH3 26 43

*® = o -furyl.
** HgC =& = 5-methyl~o ~furyl.

Probably these facts can be explained by the positive inductive effect of alkyl groups, which increases with increas~
ing chain branching, and decreases with increasing distance [9] leading to shift of electron density to the oxygen atom of
the furan ring. This facilitates its adding a proton, and hence splitting of the furan ring by hydrolysis. Evidently the role
of the methyl group at ring position 5 is insignificant in this connection, though with similar amines the reaction velocity
is greatly cut.

In some cases, i.e., when there is a substituent at the second carbon atom from the ring, hydrogenolysis of the
furan ring accompanies its hydrolytic scission. In these experiments up to 12% of the corresponding pyrrolidines are iso-
lated. Taking into account [10], formation of the latter can be explained by the following equations:

2H
CH,—CH—CH—R” —> H,C=CH—CH,—C—CH,—CH—CH—R” —H,0
(y] | | I | ‘
R’ NH, 0 R NH,
RI
Dt
R”I ]-—CH2~CH2—-CH3
H
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Papers by N. I. Shuikina and I. F. Bel'skii [11,12] also note that the furan ringvundergoes hydrogenolysis at the
1, 5 bond.

The results obtained showed that, other things being equal, the yield of pyrrolidylalkanols is higher (and, corres~
pondingly, that of the tetrahydrofuran amines is lower) when hydrogenation is effected at much lower initial pressure.
Hence factors promoting increase in rate of hydrogenation of the furan ring, are inimical to formation of the pyrrolidine
system. It should be mentioned that secondary furan methylamines generally give the same yields of both products as the

&

b

S
9
-
L

Transmission ,%
s

s

r’'y
o

20t

3750 3250 1750 1500 1300 100 900 700 v, cm'1

IR spectras 1) 3~ (4'-Ethyl-2"-pyrrolidyl) propan-1-ol (in
vaseline); 2) 1- (o ~tetrahydrofuryl)-2-ethylaminopropane
(liquid).

corresponding primary amines. In a number of cases the pyrrolidine alcohols formed have two or more asymmetric car-
bon atoms. Hence it was not impossible that, despite their narrow boiling ranges, the products which we separated were
mixtures of diastereoisomers. Due to their closely similar physical properties they cannot be separated by distillation,
though chromatography will separate them. The aim of the present paper is elucidation of the sphere of application of
the reaction for preparing pyrrolidinalkanols from furan amines, so obviously this limitation is not of significance here.

Some new furan ketones and amines were synthesized in the course of the work, and some hitherto unknown tetra-
hydrofuran amines and pyrrolidylalkanols and derivatives prepared. Informarion about them is given in the experimental
section, and also in Tables 2-5.

‘ The structures of the compound prepared are confirmed by their analyses, by preparation of N-acetyl and N, O-di-
acetyl derivatives, and also by IR spectra. ,

The IR spectra of pyrrolidine alcohols have, in the N—H bond valence vibrations region, an absorption band
frequency 3265-3270 cm ™, while the primary tetrahydrofuran amines have two bands, at 3327 and 3400 cm -,

The spectra of acetyl derivatives of tetrahydrofuran amines show an intense band at 1645~1655 cm -, corres-
ponding to valence vibration of the carbonyl group in amides. The N, O-diacetyl derivatives of o -pyrrolidylalkan-3-ols
show, in addition to a band at 1645-1667 cm 1, an absorption band at 1752~1757 em -1, characteristic of an ester group.

Experimental*

The primary furan amines were preparéd as previously described: 1~ (o -furyl)~3-aminopropane (1){13], 1~ (e -
furyl)-8-aminobutane (II), 1- (o -furyl)-1-ethyl-3-aminobutane (1), 1- (e ~furyl)-1-isopropyl -3-aminobutane (IV), 1-
(o ~furyl)-5-methyl -8 -aminchexane (V) {14, 15], 1-(5'-methyl-2'~furyl)-3-aminobutane (VI)[16]}, 1-(a~furyl)2-ethyl-
8-aminopropane (VII), 1- (e -furyl)-2-isopropyl-3-aminopropane (VIII) [11,12].

The previously unknown 1-(5'~methyl-2*-furyl)-1-isopropyl-3-aminobutane (IX) was prepared in 47% yield of re-
* With the assistance of N. A. Rastorgina and V. D. Nekrasova.

708



-gg 09 parernored *QuN *49°09 punoy QYN *969% 'T (U “6516°0 (I P s

“03Ly T Qu
“(wwi ¢ g) Foi-€oT ‘] 01 Bup1000y 1y gy porermored TN *63 "z punoy T *05L7 1 Ju 987670 (JP
“(wur g-%) g11 dq ‘O 08 dwr ‘[¢] 01 Burp1090Y .
¥8°9 | 8921 | 0E£CL
57 yOL | 9961 | 26°8L) 68°9 | QL1 | 68°GL| ONTH®D — (c) ogl—63l| IIX ®HD *HD HHED 1| H | «2sAXX
6.6 | 9811 2219
13 6L6 | 86'11| 60'29| 186 | 1811 | €029 ON“H®D — (1) go1—%01| IX SHD H H H| H |«AIXX
S69 | 021 | ¥3GL
05 €0°L | ¥9g1| 063L| 99 | 8881 | ¥92L| ON¥®HYD | 08—8g |{2) sel—i81| XI H SHD H [*H®D-1|fHD | IIIXX
e16 | 1611 6989
a1 168 | 02G1| S889) G666 | 0Z11| 3989 ON®H®D | gb—e¥ |(Q) 111—601| IA H *HO H H!®HD |IIXX
9g’.L | 86011 8S1L
63 L9L | S¥El) STIL| S¥L | 3931 gg'1L] ONFH'D 43 (8) €91—091] A H gD H H| H |IXX
yeL | L8381} e81L
6% 9L | ovgl| SeIL] €8, | sval | eL14] ONSHYD | cg—¢ | (8) vei—ael | Al H | ®HD H[HD?| H (XX
¥1'8 | 6281 0902 _
9% 81'8 | 8231 | L1'0L| S€'8 | Lb'Gl| L1°0L| ONHYD | cg—ee I (8) ¥1—S¥1| I1IIA H H |{HD? H| H |XIX
1€8 | L83l | 6L0L
9 81'8 | 8CGI| L1'0L| €28 | 00g1 | 9,02 ON™HYD | gp—ov | (31)281—9€1 | III H | fHD H| *H®| H |IIIAX
16 | ¥Tit | 89°89
0¢ %68 | 0Z'gl | 9889 | 126 | 1311|9069 ONYH®D | 65—82 ; (¥) 331—02l| IIA H H| *H® H| H |IAX
996 | 62731 | 0299
0g 8L6 | 9611 | LUL9| ¥96 | ¥E€81 | €991 ONH®D | 15—0% | (g) #11—el1| 11 H £HD H H! H {IAX
81 — - - - — — ONS'HD 8% (¢) eri—air] 1 H H H Hi{ H [«AX
uI
. t N _ H _ ° N | oH _ ° enuiog (o, *diy osmmo: E:&%ﬁww I A A 3 am%:om
PIBIA |y ¢parernoreD o *punog N, ‘dg | potedaid - Zwon
\s\\z_
HO N

¢\I=U....IN=U[..N=QI||H ﬁ.:m
.

R,

g 2lqel

sjouooly auIprjoukd

709



vLL| €381 | gL ool .
9¢ |poL| 991 | geaL | 11°L| 8¥°1 | 6612 [ONTHFD | 9909 [82°09 [8016°0 [089% T [(01) L11—¥I1| 1IX  [PHD|*HO| H [‘HO7 H|IIXXX
, 086 111 | 35°L9 .
LS |eL6| 8611 60729 [89%6| 1811 6€°L9 | ONY'H®O| 613V [B6GY |091670 (985K 1|  (81) ¥6 IX |*HD| H| H H  HIIIXXX
69| 7931 | 38TL| .
[ leoz| 2901 | 08°3L {669 16731 | 30°3L |ONSFHED | 8¥°09 [¥309 |3306°0 (085 |(02)981—S81| XI H |*HD| H |H*D7)*HD | IXXX
gI6| 9031 | ¥%'89 : )
05 {16991 0231 | 98’80 |8L8 | 81'GI | 1€'89| ONPHPD| €9°0v |€8'0% |9E06°0 |SOSY'T |(81) S6—¥6 | IA H |*HD| H H|*HD | XXX
S3L)| 1931 | 2e1L . :
L2 |19L) €931 | 1€1L | 9¥L| 0931 | 08'0L [ONTHYD| 9865 |19°SS [7026°0 |SE9F T {(¥1)81I—LIT| Al H |*HO| H {H07] H|XIXX
ar's| 0921 | ¥S0L _ :
61 |81'8| 8231} L1°0L | 008 | €431 | G00L [ON'H D | $5'1S |¥60S 083670 179V 1| (81) 031 HIA | H | H|HDI H H|IIAXX
0e'8 | 8831 | 0E°0L . v
gy |81'8| 8331 | LI'0L | €1'8] B1'G1 | €869 JON'PHD| %315 |81'1S (91260 |0E9F' T | (81) 601 111 H |*HD| H | °H®| H|IIAXX
. 676 | 9531 | 1689 .
Ov 1268 06'Gl| 98'89 | 286 | ¥9'31 | €369 | ONS'H®D| 9p'9y |S€'OF |11€6°0 [219%'1 |(81)011—601] IIA H H| H® H HjIAXX
% | N H 5 N | H 5  P2L ooy (unw TEomEoo Taqumpy
‘pra1x ” erauio g [O1%O] wp | o%u | oimssaid) Bsm%& wd || 8 | e | u | punod
o ‘patermoren | 9 ‘punog Tyw 0, ‘dd -woo
NN ‘

10i8—HI—  dHDI— UH D —

A

soutuly ueingoipAyenat,

€ 2Iqe.L

710



Sy'g | 0811 0869 . . e
08¢ | 631129691 99¢ | ¥I'11| ¥€69 | ONLHYD | 29g'1 | (8} ¥11—aIl | AXX HD HD H |1 H | HITX
¥Z'L | 366 | 8¥'%9 .
LS. | SE01| ¥8F%9 | 0L | 1001 0F'%9 | ONC'H''D A () 66 AIXX HO H H H H | IITX
S6F | 9201 3LL9
S6'v | 1€°01 | 0829 | 68% | 8001 €9 *ON®H"D ce#'1 | (B) vL1—eL1 | IHIXX [°HOOD 'HD H |7 *HD | 1TX
619 | 866 | ¥L¥9 .
I8¢ | 196 | 0L%9 | 800 | €96 | 69°%9 | FONTHED | 969%'1 | (8) ¥91—€91 | IIXX HD0D ¢HD H H| ®HD | 1TX
i 0LG | LLOY] ¥€29
07'S | €001 | 1699 | 12°G | €901 0929 | SONPHHD | SoLt'1 | (Q) SLI—¥L1 | IXX SHDO0D | SHD-! H H H | XIXXX
. GI'S | 8001 | ¥9°99 ,
02'S | €001 | 16799 | 02'S | 8001 | 8699 | SONSHD | 08.%1 | () 081—8.L1 | XX ¢HD0D £HD H |HD? H | HIAXXX
99'¢ | L£01| 099
6¥'S | 986 | 08G9 | ¥¥Q | 1801 | 32c9o | CONTHD | 1¥1 | (9) 061—81 | XIX SHDO0D H | ‘HED H H | IIAXXX
¥2°L | 986 | 9099
6V°C | 986 | 08'CO | ¥8'C | €96 | 92°¢9 | FON®HD | 08ZF1 | (¥) ¥L1—0.1 | IIIAX |°HDOD *HD H [*HD | " H | IAXXX
G6'S | 386 | 08'%9
186 | 296 | 0L¥9 | 8L°G | 0S°6 | 8979 | SONTHHD | 0041 | (8) 181—081 | HAX |*HDOD H | SH® H H.l AXXX
. ¥39 | 3.6 | 1€€9
919 | 1€6 | I¥'€9 | &F9 | 9¥6 | £0€9 | PONHED | 9IL¥1 | (9) €06—10% | IAX ¢HD0D EHD H H H | AIXXX
s d
N H ° N H 2 e[nuio g ona u muﬂmmuu puno Qﬂh%ww ;| | P A i faqunt
D, ‘dg poredaid punoduio)
% *paleIndred 9 ‘punoyg
*Ho020 y__
xl:wlmzoiuzu HZH ¥ S[OY0d1V 2uIpIolkd Jo seaneAnag 1190y
R l:~_

¥ 91qel

711



Table 5

N-acetyl Derivatives of Tetrahydrofuran Amines

Comc-l Prepared Bp, °C w!| E ) Found, % { ~ Calculated, Yo
pound | from ressure | "p ormular ;
number{ compound %m) ‘ ¢ ’ I N ‘ ¢ lf,__l,,_,

, ! L
XLIV|  XXVI | 166167 (5)|1.4738) C,iHNO, | 66.00, 1050, 651 66.29‘10,64; 7.04
66.51| 10.30} 7.00 !

XLV| XXVII 163 (4) 1.4761] CipHsNOz | 67.30: 10.851 6.49 | 67.65 10‘801 6.57
67.66| 10.87; 6.50

XLVI{ XXVIII |167—169 (5)|1.4742} C;;HyuNO, | 67.56: 10.73| 6.60 | 67.65| 10.80| 6.58
67.28/10.73 6.80

XLVII XXIX 174 (8) 1.4748| C;3HysNO, |68.71|11.57) 6.52|68.78| 11.10; 6.17
68.44| 11.26{ 6.59

XLVIII XXX | 158—159 (5)| 1.4685] C,;HyNO, [66.76]10.32| 7.05 | 66.29| 10.64| 7.03
66.5810.63| 7.03

XLIX XXXI | 161—162 (4)|1.4705| Ci,Hy;NO, |69.22|11.48 6.04 | 59.67| 11.28] 5.80
' 69.13{ 11.21} 5.66

Ll XXXII 146 (5) 1.4709| CoHi1gNO; [64.61|10.20| 7.40 15484 10.35 7.57
64.4110.32) 7.72

LI| XXXIII |156—157 (5)|1.4768] CiHyyNO; |70,04|11.20| 5.95 | gg 67| 11.29| 5.81
69.79| 11.33| 6.23

ductive amination [15] of 1~(5'-methyl-2'-furyl)-1-isopropylbutan-3-one (X). Liquid bp 109°~110° C (16 mm); d3’
0.9241; n%o 1.4729. Found: C 73.24, 73.31; H 10,71, 10.72; N 7.33, 6.90%; MRD 59.29, Calculated for CjpHaNO:
C 73.79; H 10.84; N 7.18%; MRD 59,55,

Ketone X was prepared from iso -PngBr and 5-m ethylfurfurylidenacetone following the method of [17]. Yield

80%, liquid bp 115°-118° C (15 mm); d4 0.9701; D 01,4732, Found: C 73. 80, 73,93; H 9.39, 9.16%; MRpy 57.20.
Calculated for CyuHygNOg2 C 74.19; H 9.34% ; MR, 56.17.

The secondary furan amines 1- (o -furyl)-8-methylaminopropane (XI) and 1~ (o -furyl)-1-isopropyl-3-methyl-
aminobutane (XII) were prepared from furylacrolein (XIII)[18] and 1- (o -furyl)-1-isopropylbutan-8-one (XIV)[17], us~
ing the method given below.

1- (o -Furyl)-3-methylaminopropane (XI). A 610 ml steel rotating autoclave was charged with 61 g (0.5 mole)
furylacrolein (X1II), 120 m1 MeOH, containing 25 g (0.8 mole) MeNH, and 6 g Raney Ni. Initial H, pressure 80 atm,
temperature during run 40°-50° C. The reaction was terminated when the calculated quantity of Hy (25 ! ) had been ab-
sorbed. Then the catalyst was filtered off from the products, and the MeOH vacuum -distilled off. The residue was dis-
solved in 100 m1 HCI, and non-nitrogenous impurities extracted with ether. Then solid NaOH (25 g) was added to the
aqueous solution of the amine salt. The amino was separated -off, and the aqueous solution extracted with ether, the

.ether extracts bulked with the amine, and the whole dried over KOH. The ether was distilled off, and the residue vac-
uum ~distilled, to give 85 g (50%) XI, liquid, bp 83°-84°C (18 mm); dio 0.9544; n%o 1.4730, Found: C 69.62, 69.41;
H9.70, 9.82; N 10.12, 9.92%; MRD 40, 85. Calculated for CgH,NO: C 69.12; H 9.43; N 10, 08%; MRp 41.26.

Amine XII was obtained similarly to ketone XIV. Yield 71%, bp 110°-111°C (18 mm); d%’ 0.9167; %) 1.4684.

Found: C 74.12, 73.85; H 10. 84, 11.08; N 7.05, 7.44%; MRp 59.28. Calculated for CyHyyNO: C 73.79; H 10. 86;
N 7.187 ; MRp 59. 82.

The acetyl derivatives of the amines were prepared by the method of [19]. N-Acetyl XI, bp 138-139° C (5 mm);
nf 1.4933. Found: C 66.11, 65.95; H 8.33, 8.837; N 7.81, 7. 94% Calculated for CyoH;sNO,yt C 66.35; H 8. 35;
N 7.74%, N-acetyl derivative of XII, bp 146°-147° C (5 mmy); n 3 1.4829. Founds C 71.10, 71.16; H 10.30, 10.23;
N 5.67, 5.60%, Calculated for Cy HagNOy C 70.85; H 9.78; N 5. 91%

Pyrrolidylalkan-3-ols and the corresponding tetrahydrofuran amines were synthesized by the following typical
method.

3-(5-"'-Methyl -3"-isopropyl -2'-pyrrolyl) propan-1-o0l (XX) and 1- (e -tetrahydrofuryl)- 1-isopropyl -3 -aminobutane

(XXIX). A 250 ml rotating autoclave was charged with a solution of 36 g (0.2 mole) 1~ (o ~furyl)-1-isopropyl -3 -amino+

butane (IV) in 60 m1 10% HCI (solution pH 4-5), and 5 g Raney Ni. Initial H, pressure 100 atm, temperature 100°Cc.
The reaction was concluded after 8 hr, when the theoretical amount of H, (10 ) had been absorbed. The catalyst was
filtered off from the products, and the filtrate neutralized with solid KOH. The oil which came out was separated off,
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and the aqueous layer extracted with ether. Ether extracts and oil were bulked, dried over KOH, and after distilling off
the ether, the residue vacuum -distilled. A cut 117°-118° C (14 mm) was taken, this being the 1-(« -tetrahydrofuryl)-1-
isopropyl -3 -aminobutane (XXIX), yield 9.7 g (28%). At 132°-134°C (8 mm) there distilled over 17.8 g (49%) 3-(5-
methyl-3"-isopropyl-2'-pyrrolidyl) propan-1-ol (XX).

Compounds XXVI~-XXVII, XXX -XXXIII, and XV ~XIX, XXI~XX were prepared similarly.
The N- and N, O-acetyl derivatives XLIV ~LI and XXXIV -=XLIII were prepared by the method of [19].

Hydrogenation of amines VII and VII under the conditions described above, gave, in addition to the tetrahydro-
furan amines XXVI and XXVIII, and pyrrolidone alcohols XVII and XIX, the corresponding alkylpyrrolidines: 1-(3'-
ethyl-2"'-pyrrolidyl) propane (LII) [bp 54° (5 mm); nf 1.4478; the literature gives [11]55°-56° C (5 mm); 2] 1.4475],
and 1-(8"-isopropyl -2'~pyrrolidyl) propane [bp 79° (14 mm), n 20 1.4490, the literature [12] gives bp 67=69°(7 mm),
D 1.4495], yields 7% and 10% , respectively.

Hydrogenation of amine VII( initial H, pressure 100 atm) gave 40% XXVI, 30% XVII, and 7% LII. When the inirial
Hp pressure was 50 atm, 25% XXVI, 43% XVII, and 5% LII were obtained.

Hydrogenation of VI (initial H, pressure 100 atm) gave in addition to compounds XXX (50%) and XXII (12%), 2-
aminononanediol (LIV) in 7% yield.

The aminodiol LIV formed a glass-like mass, bp 144°-146°(2 mm), né" 1.4804, Found: C 62.21, 62.20; H 11.77,
11.80; N 8.08, 8.15%. Calculated for CoHyNO,: C 61.62; H 12.10; N 8,00%. The N, 0,0 -triacetyl derivative of LIV
was a liquid, bp 115~117° (5 mm); n%e 1.4611, Found: C 60.33, 60.09; H 9.24, 8.79; N 4,78, 4,72%. Calculated for
Cy5Hy7NOs: C 59. 80; H 9.04; N 4.65%,

When the initial H, pressure was 50 atm, VI gave 24% XXX, 26% XXII, and 14% LIV,

The IR spectra were measured by A. D. Peshekhonova, using a H-100 double -beam spectrophotometer (Hilger):
a NaCl prism was employed. The substances were measured in the form of capillary-layers between NaCl plates, or
made into pastes with vaseline.
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