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INTROIDUCTION 

A number of problems under current investigation in our laboratory relate to 
the metabol.ism, degradation and mutagenicity of N-substituted z-hydroxyethyl-, 
and z-chloroethyl pesticides, N-hydroxy carbamates and related nitrogen and carbon 
substituted hydroxy derivatives. The recognition of N-hydroxylation as an important 
route in the carcinogenicity and chemotherapy of various acetamido and amino 
derivativesl-7 as well as carbamates*-10 is well documented. In addition, both N- 
hydroxylation and C-hydroxylation have been shown to be metabolic pathways for 
pesticidal carbamates11:14 and z-chlorotriazinesl5-22. 

These observations have prompted the need to evaluate various categories of 
detecting reagents as to their possible utility for subsequent clifferentiation, and 
identification of the above moieties in a variety of aliphatic, aromatic and cyclic 
compounds, and concomitantly ascertain the effect of various substituents on nitrogen 
and carbon such as hydroxy-, 2-hydroxyethyl- and z-chloroethyl on their chromato- 
graphic behavior in several solvent systems. 

BOYLAND AND NERY*~ 2.7 have indicated the utility of pentacyanoammine ferroates 
for the calorimetric cletermination of N-hydroxy urethanes. The detection of a number 
of amino alcohols utilizing ninhydrin has been reportecl2”. In the main, except for a 
number of investigations specifically related to a biochemical problem2”-28, there 
appears to be a paucity of information concerning the detection and paper chromato- 
graphic behavior of N-substituted alcohols2**2°. 

One dimensional descending chromatography was employed utilizing Whatman 
No. I filter paper 25 X 30 cm. Acetone solutions (generally I-10 ~1 containing 25-100 

pg) of test substances were applied at intervals of 2 cm on a line 6 cm from the bottom 
of the sheet. The development of the chromatograms was performed in conventional 
all-glass chambers maintained at 25” & 0.5” with the solvents allowed to descend to 

approximately 25 cm from the starting line in the course of 5 to 8,h. Following the 
development, the papers were either dried at 80” for I min or air dried overnight in a 
hood, The spots were located by either spraying or utilizing the “multiple dripping” 
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procedure of JEPSON AND WITH 30. The developing solvent systems utilized in this 
work were : 

(A) ut-Butanol-acetic acid-water (5 : I : 4) ; 

(B) ?z-Butanol-ethanol-water (7 : I : 2) ; 
(C) Isopropanol-ammonia-water (So : 5 : 15). 

Detecting reagents 
(I) Sodiwn aaitl~o~~racsside-acetaZderayde2at31. 5 YO sodium nitroprusside and IO yO 

acetaldehyde in water mixed with an equal volume of 2.0 o/o aqueous sodium. carbonate 
prior to use. 

(2) FCNP reagent 32p33. Misture of equal volumes of IO o/o sodium hydroxide, 
IO o/o sodium nitroprusside, IO o/o potassium ferricyanide diluted with 3 volumes of 
water, mixed in equal volumes with acetone prior to use. 

(3) Nin7zydri?z-aceto?ze3”136. 0.2 o/o solution in acetone. 
(4) h’i727~ydri?z~yridi?ze. 0.2 y. solution in acetone with 5 y. pyridine. 
(5) Ferric chloride. I o/o solution in methanol. 

-(G) Ehrliclt’s reagent35. IO o/o +dimethylaminobenzaldehyde in acetonekonc. 
hydrochloric acid (I : 4). 

(7 j Cinnama Zdelzydeaa. 2 ml t?#agzs-cinnamaldehyde in 95 ml ethanol, 1s.5 ml 
water and 6 ml cont. hydrochloric acid. 

(8) q-(~-Nitrobenzyl)-~yrid~7ze3i, 38. 5 Y. solution in acetone applied to chromato- 
grams. After air-drying, I N potassium hydroxide in 90 y. ethanol is applied. 

(9) Percksro~2 reage&31v 30. 0.5 y. barbituric acid in ethanol containing 2 ml 85 y. 
phosphoric acid. 

(IO) Pyridime-aceta Zdelzyde 31v*o. Equal volumes of pyridine and acetaldehyde. 
(II) Isati+. I o/o solution in isopropanol containing I oh pyridine and 1.5 o/o 

zinc acetate. 
(12) Viles reage+#. 0.5 Y. copper acetate in ethanol containing 0.1 o/o dimethyl- 

amine and 2 o/o triethanolamine. 
(r3) Gibbs reagenP~‘Y 0.5 o/O z,G-dibromo-N-chloro-fi-quinone imine in dioxane- 

acetone (4: I). 
(14) N,2,G-T~ic7tZo~o-~-be~zzo~z~~7zolze &kze. 5 Y. solution in dioxane-acetone 

(4: 1). 
(rg) Frel9zy’s reagent43. 3 o/o potassium nitrosodisulfonate in I N sodium 

hydroxide. 
(IG) Potassizrm jbernza9?ganate. I o/o aqueous solution. 

(17) Ni7a7~ydri~a--fe&c chloride. Reagent (4) followed after air-drying by 
reagent (5). 

(15) Niaa1aydriaa-~larliclt’s”“. Reagent (4) followed a.fter air-drying by reagent (6). 
(xg) hriaalaydrin-FCNP 36. Reagent (4) followed after air-drying by reagent (2) . . 

ik?ateriaZs 
The alkyl-N-hydroxy carbamates (compounds 2, 3, 4 and 5, Table I) were 

prepared by the procedure of BOYLAND AND NERY~P~~ via the reaction of hydroxyl- 
amine with the respective allcyl carbamate. N-IIydroxy-urea (compound 1) was 
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s\~nthesizcd lo>- the procedure of DEGHESC;IJ5 utilizing h>-drox!*lamine and urethane. 
“I~c,h?-drc,s_\--ur~~~~” (O-~arharno~-l-~~~dr~~~~~l~rn~n~~, compound 52) was prepared by the 
reaction of potassium cyanate and hydroxylamine according to the procedure of 
KOFOI)““* 4;. S-(z-Hydroxye’,hyl)-urea was prepared according to the method of 
CHARLTOS hsn DAY"~ via the reaction of nitrourea and ethanolamine. N-(z-Hydroxy- 
ethyl) carbamate was prepared by the reaction of ethanolamine and ethyl chlorofor- 
mate according to the procedure of BOS-ISHAI~~. z-H3-droxyethyI-, anrl z-chloroethyl 
carbamates tverc prepared via the reaction of aqueous ammonia witlL ethylene car- 
bonate and z-chloroethyl chloroformate respectiveI>* empIoying the general procedure 
of CARTER and co-worker?? O. ~-(2-Chloroeth~l)-urea was prepared -according to the 
method of Hl-DE et al.“l. Compounds xo, 15-18, z6,27, q, 30,34,46, by and 62 were 
obtained from Aldrich Chemical C.O., Milwaukee, I\‘&., C’.S.A.; compounds IT, 12, 

31, 32, 50, 5-1, 5’1, 65, 66, 73-76, S,z,h-trichlort,-~-hcnzc~quinone imint-, z,b-dibromo- 
S-chl[~ro-~-tluin~~ne imine, and isatin from the J_ T. Kakcr (‘hemical Co., Phillipsburg, 
S.&J., C.S;;..-1.; compounds 6, ZI, 27-3q. 43-45. gr , 56, Gc,--~I and 4-(j-nitrobenzyl)- 
pJ-ridinc> from T< c! I< Laboratories, Inc.. Plain\-ie\r, S.Y., L-.S..A. ; compounds 22, 35, 
40, 41, _cq, 52, 53 and 57 from the Distillation Products, Division of Eastman-Kodak 
Co,, Rochester, S.Y., 1-.S.A. ; compounds 13, 42 from Rohm & Haas Co., Philadelphia, 
Pa., Y.s._%. ; crJmpound 7 from Pierce Chemical Co., Ror~kforcl, Ill., ‘C’.S.A. ; compouncl 
zd from I.-nion Carhide Corp., Charleston, IIT.\’ 1’.S..A. : compound 25 from -Abbott 
Laboratories, Chicago, Ill., ‘L’.S.AA. ; c’rmpc “7 (3- 2-l 1 i-dimethvl-Z-oxo-cycle- 
hcxvl;-z-h~drox~ethyI:-glutarimide) from -I l’pjohn Co., i !Illazoo,-Mich., U.S..-\. ; 

crlmpouncl cj from I‘lirmical Prc~cuwmcw: ,;tbc)ratc)rics, 111. , Collepc~ Point, S.\-,, 
I_-,S.A. ; ctm~pmnd 00 from (‘Ilc~mirad (‘. I 1’. , East Hrun,s\vick, S.-l_, ‘L’.S._A. ; po- 

ta55iium I7itl.ocli~;lilfr)Il;lt~’ frclm .\lfa Inorg;~nic*s, Inc... Jac~\-k7%~!-. IJa.;s., I-.?I._\. 
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RF VALUES hx:i' SPOT COLORS OF N-HYDROXY-, N-(z-HYDROXYETHYL)-, N-(z-CHLOROETHYL)- AND N,N-sxs 

Color+ dewlq-d after heating at 80” for I min 

No. COFW~O~~F~ Detecting reagents 

U.V. x 2 3 4 5 6 7 

IO 

II 

12 

I3 

I4 
‘5 

I6 

I7 

18 

19 
20 

21 

22 

23 
24 

25 

26 

27 

28 

WJ 

30 

hi-(Hydrmy)- 

Urea 
Ethyl carbamate 
n-Propyl carbamate 
w-Butyl carbamatc 
s-ChloroethyI carbamate 

Pyrrolidine 

Succinimide 
PhthaIimide 
Naphthylimide 

X- (a-flynuoxyethyl) - 

Amine 

Meth$aminc 

Isopropylamine 

terf.-Uutylamine 

Ethylamine 
Triethyl ammonium iodide 

Fornlamide 

Acetwnide 

Hydrazine 

Urea 
Carlr:tmat~~ 
Alanine 

Lact,lmide 

Eth Q-lenediaminctriacetjc acid 
Et.? I! ;-2eil-.inc 

Cyci.>hexylamine 

I’ipc ridine 

Pip’ 7azinc 

q-r. .!olcr 

I’yr ,lir.!inc 

3101 i:olinc 

- 
- 
- 
- 
- 

- 

- 

iF 

- 
- 
- 
- 
- 
--. 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
-- 
-- 

0 

0” 
0 
0 

B 

B-G 
Y-O 
- 

O-+R - - 
O-R - - 
O-R - - 
O-R - - 
O-R - - 

Y-O - - 

B-G P P 
3 P Bn 
0 - - 

R R-P Y Y 

- L-- 

- - - 

B-G - 

- 

L G 
O-B I’ Gr 

(wk) (wk) 
li I P 

- 

Bn 

C 
0 
B 

B c c 

C-213 Y Y 

c-o - - 
R - - 
L - V 

- 

C+Y 
- 

B 

- 

B-s 

- 

3Gr 

Bn P P 
(wkj 
Y P P 
B C C 
(wk) 
13 Bn Bn 
(wk) 
B Y-Bn Y 
gW 

g k) F’k) ;?k) 
- 

(wk) 
B-Gr Bn-c’ 1Jn 

I3 
(wk) 

P-V 
B-V 
B-V 
B-V 
B-V 

L 

n 
R 
0 

0 

0 

0 

- 

0 
Y 

- 

- 

0 

- 

w 
c 

- 

c-o 
- 

- 

0 
gk’ 

0 

0 
, :\-l;) 

YC 
Y 
Y 

y’ 
Y 

Y 
- 
- 

Y 

- 

- 

- 

0 
- 

- 

-- 
G-P 

-- 

- 

Y 
(wk) 
K 

- 

-_ 

Y 
- 
- 

u 
twk) 
Y-Bn 

- 
- 
- 

- 
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- 

- 

- 
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- 

Y 

Y 
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Y 

- 

- 
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- 

- 
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- 

-.i. -- 
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N-SUBSTITUTED HYDROXY COMPOUNDS ETC. 

(2-HYDROXYETHYL)-DERIVATIVES 

8 9 IO ff x2 13 14 15 16 17 x8 Ig A 33 C 

R - 
- - 
- - 

.B = 

- Y 
WI 

- -- 
- Y 
- I 

- \I 

- -.. 

- - 

h - 
(wk) 
\\l _-. 
- - 

- - 

Bn --~ 
(wk) 
- \z 
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Bn - 
(wk) 
- -~~ 

- .- 

- BC 
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- 
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- 

Y 
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-- 
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0 

- 0 

- - 

0 \v 
- 

-_ - 

- 
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(wk) 
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(Ek) 
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(wk) 
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Y 
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(wk) 1Wk) 

- 
- 
- 
- 
- 

-- 

- 
1’ 

Y 

- 

- 

- 

- 

C 
- 

- 

s 

.- 

C 

- 

Y 

- 

- 

- 

- 

- 
- 
- 
- 
BII 

- 
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Bn 

Bn 

Bll 

Bn 

Bn 

T 
_- 

- 
- 
- 
- 
Bn 

T 

Bn 
Bn 
-~- 

I? 

Bn 

Bn 

Bn 
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(wk) 
Bn 
(wk) 

I~-& Bn 
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- Bn 
(wk) 
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Bn Bn 
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1, 

Wn Bn 
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Hn Bn 

W P-V 
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w P 
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xv - 
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Y-Bn T 
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- 

- 

Y-Bn 0 

0 T 
Y-Bn Y 

Y-Bn - 

Y-h - 

T-En T 

\--En !!‘,, 
- - 
xe 0 

T-Bn - 

Y-Bn - 
- 0 

Y-Bn O+-\f 

- -- 

Y-Bn (‘)L+y 

__ C 

_I 

0 

Y O-R 
Y O-R 
Y O-R 
Y O-H 
Y O-R 

O-R - 

Y -_ 
_-- 0 
- 

O-K L-V 

;r , 0 

- B 

1-a I 

C‘-0 0 
- O-R 
- G 

(wk) 
C _- 

B-G ~- 
B-G 0 

C-G o-SG 
(wk) 
- - 

C-tL B-4 

(‘-0 o 

0.42 0.30 0.50 

0.8X 0.77 0.85 
0.83 0.80 0.88 
0.86 0.83 0.94 
0.84 0.81 0.89 

Q.@ 0.21 0.60 

0.55 0.50 0.60 

0.85 0.84 0.43 
0.90 0.92 0.93 

0.30 0.19 0.54 

0.3s 0.30 0.80 

0.40 0.36 0.36 

0.51 0.43 0.86 

0.42 Stk. 0.62 
0.q 0.17 0.41 

0.30 0.12 0.5-F 

0.32 0.15 O.-p 

u.Gj 0.83 0.90 

o.t,s 0.55 o.Sn 
0.60 o-55 0.30 
0.35 0.08 0.32 

0.29 0.15 0.4’ 

0.24 Stk. 0.06 
0.33 0.93 0.91 

0.60 0.23 0.90 

0.56 0.63 0.89 

0.2<< Stk. 0.63 

0.39 0.79 0.36 

O..jO 0.33 o.sj 

0.44 0.3” 0.75, 

--- 

J. Ckromnlng., zo (1965) 283-294 



Rn P-J311 
(\\-Ii) (\Vk) i\\ Ii) 
I’ I’ 
(Wk) (WI;) 

u ,. I’ 

4 5 

0 I- 
I’ - 

I’ 

I’ 
(ir 

c:r -- 
Cir \- 

I’ 

\’ Y-t) 
(!\‘ii) (\Vk) 

I’ 1-4 ) 

( !Vli) 
I’ 

6 

- 
- 

;I) 
I.- 

\- 

.- 

._- 

_ 

y r. 

c; 

(3) ;Mfcrentiation of S-h~~ch-ox~-- and S-l~~-drox~-ethyl derivati\w. S-H!*drox? 
clerk-ati\w r~f pyrrolidine and phthalimide can be distinguished from the vorrespond- 
ing S-hvclrosyethyl derivatix-e by the use of EhrIirh’s or Percheron reagents which 
do not dvt<*l t the latter S-h~~dros~-rth~~l derivatives. The S-h!-drosy dcri\Tati\-es 
t&ccl (c.clm/wunds r-6, 8, 9) yieIdcd orange or crimson spots with a nitropruside 
reagent in c‘r ,ntrast to the blue or lkwgrccn spots formed for ;I majorit>- of the S- 
hyclrc.~syc$h\ I tlerivati~:es. 

(4) S,?;-Bis(z-hydrox~*eth~-I) derilvativos can be generaIl>, diffc;entiatecl from 
monosubstituted S-z-l~~~drox~eth~-I derivatives by tllr use of the njtro- 

lnts I and 2 which react with the monosubstituted class, c.g., c-ompouncls 
! z I and not with the bis( 2-hvdrox~ethyl) derivatives, i,( , cc ,nlpcwn& _FI 

hc mono- and bis(~-l~~clrc~s~~c~tl~~l~ derivatij-cs can also 1~s distjnguisl~ed 
Pcrcheron reagent (reagent 9). The bis(z-11!-dros!-etll~l~ derivatilres, j.~‘., 
w-45 yield yellow spots whereas the mono z-hydroxyethyl derivatives, 
dz 13, IS, 19 and 21 arc undetected. 
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(\rk) (wk) 
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I-311 13n \\‘ 
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I ‘--Hn I ‘->13n \\ 

..-.._ 
78 

Y 

\- 
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- 

19 
--- 

<i 

Y-G 
(sl) 
1--c; 
(4) 

Sohl~ts 
_~ _ __ _-.__---- 
,-J H c 

o.Sh 0.92 0.9-I 
0.75 o.rj 0.51 

0.91 0.91 0.90 
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T.\BLE 11 

RF YALYE’ .1X;’ SPOT COLORS OF MISCELLANEOUS NITROGEN AND CARBON SUBSTITUTED DERIVATIVES 

Color.+ develop .d after heating at 80~ for I min. 

so. con1po1r t; 1 D&-ding reagents 

U.V. I 2 3 4 5 6 7 
I_. 

Ethyl carbamate 

z-Hydros.ycthyl carbamntc 
a-Chlorocthyl carbn.mate 
Dicthyl bicarbamatc 

Acctamitlc 
x-Hydrosyacetamide 
N-(z-Methoxyethyl)-acctamide 
I-~~Ictllosycthylamine 

0-Carbamoyl-hydroxylamine 
(“isohydroxyurca”) 

1,3-Bis(z-mcthoxyethyl)-urea 

CArbamovl choline 

HydraLine 
Ethyl hydrazinoacetate 

EtfIyI (1 hydroxycthyl) sulfide 

l’hthalintidc 
S-Chlorc,-phtllalimidt: 

CJ*clohcx ;mide 

Piperidir e 
3-Hydro cypiperidine 
4-Hydrosypiperidine 
j-Hydro::ypyridinc 

4-Hydro::ypyridine 

2-(z-H!.r!roxvethyl)-pyridine 

3Iorpholine 
Succinimicle 

I.‘yrrolidjnc 

- 

- 
- 

- 
- 

_ 

- 
_- ._ 

- 

- 

13 
- 
- 

0 

0 
0 

- 
C 

- 
Y 
T 

Bn 

BIl 
(wk) 
_- 

V 
c 
(wk) 
_- 

- - - Y Y - 

0 - I’-G Bn 
B 

c - 
- Y Y 
- - Y-O - 

_._ - - - 
0 - - 
- V - \v 
I, T - 0 

o-c - ^_ \v 

I, - - Y 

- 

c, II- 

- ._ 

Cr 
wk) 

Y-Rn Bn 
.c; y - 

!I- I. o- I< 

- -- 

V 
f:rk) ;vk) 

R 
(Wk) 
- 

- _- 
Y - 
I_ - 
0 

Y-U - 

oc 1-c 

1 

;vk) ;vk) 
>- -- 

7 

: ?- 

\- O-Bn 

- - 

1- I- 
(wk) 

- 

I- - --_ -. 
c;__-_ 

- 

-_ __ 
1-c -. 

(wk) 
- ‘I’ 

(wk) 
-- 
- 
-- _- 

_ 

- --_ 

- -- 

fl -- 

--- __- _I_ __I_-----I-~-~~~ ---- _- -.--.- 11~-----~- - 
For footnotes see Table 1. 
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.’ ircntsc 
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-_ 
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C 

- 

- 

- 
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Bn 
\\- 

- 
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- 
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- 

- 
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- 

- 
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- 
- 
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- 
- 
- 

- 

- 

- 

- 

- 
- 

I- 

_- 

- 

--- 

1 

Bn 
(wk) 
- 

- 

T 
- 
- 

- 

E-k, 
- 
- 

-- 

- - 

- - 
Y-Bn - 
Y-l3n - 

- - 
Y - 
Y - 
Y T 

(sl) 
- 

Y_Bn !?I 

T - 
(U-k\ 

Y 
\ Y 

- 

cr 
Y-Bn - 

- C 
(Sll 

,. I _-- 

- - 

Y 0 

u Go 
0.53 0.70 
0.84 0.86 
0.89 0.93 

- - 
Y 0 

I - 

C+B - 

0.15 0.41 

o-4.5 0.65 
0.20 0.52 

0.44 0.24 

Y o-c 
(sl) 
Y - 

0.47 0.32 o-55 

0.3.5 

- - 

0.45 

0.61 

0.54 

0.50 0.69 

Y - 0.59 0.42 0.66 

o-1 ' 
Y 1 ->G 

(si) 
Bn-G V-+0 

(sl) 
- - 

0. IO 

0.31 
0.00 

0.25 

0.30 

0.22 

0.40 

0.87 0.90 

Cl.6.f 0.82 

Y E 

0.75 

0.G.j 0.77 

-- - 0.22 0.41 

o.zj 

(wk) (wk) 
-- - 
I< - 

Y - 
- - 

0.84 
0.84 

0.45 

0.80 
0.80 

-- - I’-0 - (1 ‘j o-37 

- - 
- C-EM 
- C-Bn 
- O-Bll 

- Bn 
(wk) 

- - 
Y-Bn P 
Y V 

;\:k, 
v 

Y-B P-B 

(Tvk) 

0.56 0.28 0.92 

O.-l; 0.72 0.77 
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0.. 3 0.88 0.69 

0 “3 0.52 0.66 

- - - - 0.56 0.86 0.90 
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spot, the llis(z-hydroxyethyl) derivative yellow, whereas the other derivatives of 
urea are unreactive. 

(7) Derivatives and congeners of ethyl car&mate. N-Hydroxy- and N-z- 

hydrosyethyljclerivatives of ethyl carbamate, as well as 2-hydroxyethyl carbamate 
are distinguished most readily from ethyl carbamate by the use of FCNI?, ferric 
chloride and Ehrlich’s reagents (FCNI? and ferric chloride being the detectors of 
choice). Separkion of the above derivatives is best achieved with the solvent system C. 

(S) Detection of 2-chloroethyl derivatives. The detection of N-substituted 
z-chloroethyl <derivatives, e.g., urea, ethyl carbamate, piperidine, morpholine and 
pyrrolidine is! best accomplished via the agency of the +(+nitrobenzyl)-pyridine 
reagent, and secondarily, by use of the FCNP reagent. The utility of the for;ner 
reagent has been previously demonstrated toward a variety of nitrogen nlustards37v3a. 
It is of interest to note that the FCNP reagent is without effect when the z-chloro- 
ethyl moiety is attached to carbon or oxygen as in compounds 64 and 4s (z-chloro- 
ethyl acetate and’z-chloroethyl carbamate respectively). 

(0) In comparing the rcactivities of the functional moieties, e.g., N-hyclroxy-, 
N-z-hyclrosyethyl-, N-z-chloroethyl-, and N,N-bis(z-hyclroxyethyl) with a variety 
of detecting reagents the following orders prevail: 

‘I 
(a) for tl\e nitroprusside reagents (I and 2) 

N-,pH z N-CH,CH,OH > N-CH,CI-I&l > N,N-bis-(CH,CH,OH) 
(b) for tl$e ninhydrin reagents (3 and 4) 

(N+CH,CH,OH > N-CI-I,CH,Cl > N-01-1 > N,N-bis-(CH,CH,OH) 
(c) for the ferric chloride reagent (3) 

N,?H > N-CH,CH,OI-I >> N-CH,CH,Cl > N,N-bis-(CH,CH,OH) 
(d) for the Ehrlich and cinnamaldehyde reagents (6 and 7) 

N-OH > N-CH,CH,OH > N-CH,CH,Cl > N,N-bis-(CH,CH,OH) 
(e) for the halogenated quinone imine reagents (13 and 14) 

N-CH,CH,OH > N-CH,CH:,Cl > N-OH > N,N-bis-(CH,CH,OH) 

Correlation of &7 w4!lz strm?we 
The Rp :-values of the N-hyclroxy-, N-z-hydroxyethyl-, N-z-chloroethyl deriv- 

atives as well ,as the respective parent compounds and related congeners are recorded 
in Tables I and II. They were obtained with one batch of Whatman No. I filter paper 
(untreated) a&l represent the mean of several determinations (constant to rfi 0.020). 
The relationship between RF and structure of the above moieties with both ethyl 
carbamate ancl urea appears to be as follows : 

(a) For urea and derivatives 
X+chloroethyl > N-hydroxyethyl > urea > isohyclrosy > N-hyclroxy 

in solvent systems A and C. 
(b) For ethyl carbamate and derivatives 

ethyl carbamate > N-hydroxy > N-hydroxy ethyl > z-hyclrosyethyl 
carbamate 

in solvent systems I3 and C. 

The introduction of a polar substituent. such as an hyclroxyl on a nitrogen 
(e.g. N-l~vclrox.v derivatives of urea, ethyl carbamate, succinimide, pyrrolidine and 1 ” 
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phthalimidc) results in a derivative possessing a lower RF value than the parent 
compound in all the solvent systems employed. When a a-hydroxyethyl group is 
introduced on nitrogen however, diminution of the RF value in comparison with the 
precursor prevailed only in the cases of ethyl carbamate, phthalimide and piperidine. 
The reverse efFect, i.e. increase in RF value, with introduction of the 2-hydroxyethyt 
moiety was observed for urea, morpholine, pyrrolidine and acetamide. The intro- 
duction of two z-hydroxyethyl, moieties as in N,N-bis(z-hydroxyethyl)-urea, 
-hydrazine, -cyclohexylamine, and -aniline (compounds 43, 44 and 45) results in the 
compound pokssing- a lower RF value in comparison to 
hyclroxyetbyl derivative in all the solvent systems tested. 

the respective mono N-z- 
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SUMMARY 

The chromatographic and chromogenic behavior of 76 nitrogen and carbon 
substituted hydroxy-, z-hydroxyethyl-, 2-chloroethyl derivatives and related com- 
pounds toward 19 detecting reagents and three solvent systems is described. 
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