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An Alternative Method for the Highly
Selective Iodination of Alcohols
Using a Csl/BF5-Et,O System
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Zia-Ullah, and Ernst Bayer”

International Center for Chemical Sciences,
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ABSTRACT

A variety of allylic and benzylic alcohols have been converted into
the corresponding iodides using cesium iodide (Csl) in the presence
of boron trifluoride etherate (BF3-Et,O) in acetonitrile under mild
conditions.
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2532 Hayat et al.

Alkyl halids, especially iodides and bromides are generally used as
intermediates in substitution reactions, elimination reactions, and rear-
rangements. Consequently, the conversion of alcohols to halides is a
useful transformation in synthetic organic chemistry. A variety of meth-
ods have been appeared in the literaturet' ¥ for transformation of alcohols
into halides, however some of these involve expensive reagents, tedious
reaction work-up and long reaction times. Most of the methodologies
include: iodoP- and bromotrimethylsilanes,!® chlorotrimethylsilane-
sodium iodide!” and hexamethyldisilazane/iodide ion.®®! Moreover, some
reports” ' have been published regarding the selective conversion of
allylic and benzylic, primary, secondary, and tertiary alcohols into halides.
Very recently methanesulphonic acid/sodium iodide (CH3;SO3;H/ Nal) is
reported for the conversion of alkyl, allyl, and benzyl alcohols into
jodes.[!!

In this communication we describe the conversion of allylic and
benzylic alcohols into its corresponding iodides by using cesium iodides
(Csl) in the presence of BF5-Et,O under mild conditions.

The present methodology deals with the conversion of alcohols into
iodines, using different allyl and benzyl alcohols as substrates. To estab-
lish the general effectiveness of our newly developed method, some
selected iodination reaction was carried out. This reagent appears to be
the most reactive and versatile. The reactions of allyl and benzyl alcohols
with a molar equivalent of cesium iodide in the presence of BF;-Et,O
in acetonitrile under mild conditions cleanly gives the corresponding
iodides (Sch. 1).

The reaction was found to proceed smoothly at room tempera-
ture within 5-30 min. The products were isolated by aqueous work-up
followed by solvent extraction and were purified by column chro-
matography if necessary to afford pure alkyl iodide. The result and
spectroscopic data of the following compounds were collected in Tables
1 and 2.

The reaction was found to be highly selective for conversion of
allylic and benzylic alcohols into iodides in high yields (82-96%), whereas
saturated aliphatic alcohols did not yield iodides even after prolonged
stirring in acetonitrile (Entries 18-21). Iodination of benzyl alcohol and
substituted benzyl alcohols with electron-donating groups, e.g., -OH,

Csl/BF;- Et,O
R-OH————— R-I
1 CH;CN, 25°C 2

Scheme 1.
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Table 1. Conversion of alcohols to iodides using a CsI/BF;- Et,O system at 25°C.
Entry Substrate Product Time (min)  Yield® (%)
1 @Oll (1a) gl (2a) 5 96
2 oH (1b) 1 (2b) 15 95
no/©/\ uo/O/\
3 oH (1c) L (20 15 93
AT AT
4 oH  (1d) 1 (2d) 20 90
Meog MeOO/\
5 MeO j::l/ S (le) M0 1 (2¢) 20 92
MeO MeO
6 @/\on (1f) gj/\l 21 25 88
0 !
7 OH 1 1 2 25 95
W T e (T @
8 OH (1h) 1 (2h) 30 85
OZNO/\ ()2N/©/\
9 oH (1i) ! (2i) 20 84
10 0 O 1j) Q O (2)) 20 82
O OH 0 1
11 [ o I on (k) 1 o I (2k) 10 91
12 | S I on an S I @))) 10 88
13 on (1m) ! (2m) 15 85
N” N’
14 ©/von (In) (j/\A i (2n) 20 85
15 "o (lo) " (20) 15 83
16 >"on (Ip) ™ 2p) 15 82
17 HO~~on (1q) TS (2q) 20 80
18 n-Octanol (Ir) No reaction — 60 —
19 Isoamyl alcohol (1s) No reaction — 60 —
20 Cyclohexanol (1t)  No reaction — 60 —
21 n-Butyl alcohol (1u) No reaction — 60 —

#Yields of isolated products.



MARCEL DEKKER, INC. ¢ 270 MADISON AVENUE  NEW YORK, NY 10016

©2003 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

Hayat et al.

2534

['p— € LTI €'LTI€'LTI*ELT]

TH9 ‘9EL 9T0T b811 ‘LT LT YLTT P8TI
‘OT€T ‘8S9T ‘S06T ‘920¢ (A3  +'8TI ¥'8TI “¥'STI “€°Thl ‘€Thl  (HO-IV ‘HI *S) ¢€'S “(H-IV ‘HOI ‘W) TI'L-1¢°L ¢4
9 ‘€v8 ‘9101 0L ‘Tl (CHOIV ‘HT *S) ¢t ‘(HIV ‘€' 8=r
‘984T ‘8EST TS8T “9T0¢ (IS  TTTI ‘T°6C1 “T°6T1 ‘T'HEI ‘99¥1 ‘HT P) S¢€L ‘(HIV ‘¢€8=r ‘HT P) 86°L qz
T€9 ‘8¥L ‘¥801 TS TS
TLIT “8LYT “€0ST ‘b6z (33D €°9T1 ‘€921 ‘€971 ‘§°0v1 ‘80p1 (CHOIV HY 'S) tr'y (H-IV ‘H¥ S) 0T'L 8z
(CHOIV
‘HT ‘9) S¢+ (O-*HD-O ‘HT S) 98°¢ “(H-IV
T€9 0TL ‘8€8 “vE0T ‘PSTI 9°9 ‘T10T ‘€801 ‘LT=r ‘HI P) 299 ‘(HIV ‘§L=r ‘HI
‘T8PT ‘8191 ‘868T ‘810¢ (IS  T60T ‘T°CCI “6°CET “CLyT ‘L'LPT  ‘P) LL'9 “(H-IV ‘L'T=[r ‘§'L=r ‘“HI ‘PP) 6L9 p 4
(FHOO HE *S) +9°¢
‘(*(HOO ‘HE ‘S) $9°¢ (CHDIV ‘HT ‘s) 9¢'¥
889 ‘8L ‘7€ ‘80TI 9% ‘L'SS ‘8°SS ‘S OTT ‘(H-IV ‘I'8=r ‘HI ‘P) 199 (HIV ‘9O'1=r
PSET TIST 906 “T10€ (3D “TIIT ‘€611 ‘§°EET ‘€8I ‘6871  “HI P) $9°9 ‘(H-V 91 ‘I'8=r ‘HI ‘PP) 0L9 14
(*HOO ‘HE¢ *9)
169 ‘118 ‘T60T 9STT L9 ‘€SS Q€I 86°¢ ‘(CHOIV ‘HT ) 1€y ‘(HIV ‘6’L=[
‘88ET “CLYT Y091 ‘1167 (XS  “$°€IT 9°8CT “9°8TT “€°€€I ‘0651 ‘HT P) L99 ‘(HV ‘6L=r ‘HC P) SO'L |74
99 “bIL ‘T€8 99 ‘0°6CT 07621 (CHDIV ‘HT S) ¥¢'v (H-IV ‘1'8=r
‘9T0T ‘80ST ‘TI6T “010€ (XD  “0°6TT ‘T'OET “T°0€T “9°€ET ‘6°LET  “HT P) 8I'L “(H-IV ‘I'8=r ‘HT ‘P) STL 074
W9 ‘vr8 6€°S ‘1911 (CHOIV ‘HT *S) ‘CTy “(H-IV ‘T8=r
‘80T OLVT “bI16T ‘SbPE (IS T°9TT ‘0°0€T “L°0€T “L°0ET “€°8ST ‘HT P) $9'9 ‘(H-IV ‘T8=r ‘HT ‘P) SO'L q
8¢9 ‘T€8 96 ‘¢8I
8P01 ‘StIT ‘88ST 916C (D) ‘68Tl “6'8TI ‘€°6C1 ‘€6CI ‘0°8€T (CHDIV ‘HT *S) LSt ‘(H-IV “HS ‘W) €¢°/-6S°L |74
(j_uo) a I ¢ opedAN D¢, (ZH) I ¢ yqdANH punodwo)

‘bz—eg punodwoo jo eyep [enoadg

' a9vL

ZT0Z BquWRAON 02 ¥72:70 T [AreiqiT uemayomesises Jo Aisieaiun] Aq papeojumoq



MARCEL DEKKER, INC. ¢ 270 MADISON AVENUE  NEW YORK, NY 10016

©2003 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

2535

Csl/BF3-Et,O System

“P-OSINA ZHIA €9 ‘wig ‘8,

10dD ZHN €9 :br-ug ‘Ig-uz ‘yr-ee,
“P-OSINA ZHIN 05T ‘W g ‘8,

[DAD “ZHN 0ST bg-ug ‘Iz-uz ‘yr-er,

‘ZH ‘r ueisuod Surdnod ‘wdd ‘¢ iys [eorwey),

759 ‘STL
‘T68 ‘LIET ‘$S8T ‘8067 (3LIN)

1S9 Tl
‘81P1 TEIT ‘0S8T “916T (18IN)

899 YTL ‘068
PLET 9THT “TSST “916T (3BaN)

¥89 ‘b9L ‘9701 ‘8TI1
‘TP ‘TSI ‘916T 8T0E (XD

9b9 “bSL TTOT T9TI
P8ST ‘€¥91 “TSST 916T (XD

859 TSL ‘118 ‘9201
‘96T1 TOPI “T98T ‘T10E (3BaND)

¥69 ‘408 01
‘891 TOPI “TSST ‘¥96T (3aN)

8€9 918 ‘t€6 +SOT
‘80ST ‘SILI “+T8T ‘810€ (XD

LS LS L9t ‘L9t

1°C°€'L9 “L'T8

1'9 °€'L1 ‘v'8TI ‘g6Tl

v'S ‘S9TI ‘$°9T1 ‘9°LT1

‘9°8CT1 “L'STT “L'8TI ‘6°0€1 ‘879¢1
Y

‘TITLTICL ‘Tovl ‘Tovl “L'IS1

8°C— ‘G°GTI ‘9°STI ‘0°LTl ‘€l

€€— ‘9°L0L ‘€011 ‘€TY1 “€¥S1
$'9 “8°LTI ‘§°LTI ‘9'STI 9°8T1
‘L'8Tl “L8Tl ‘I'6Tl ‘Tt
TOCI SEET 6°ECT “1°6€1 ‘0661

(I°HD 9s=r
‘Ht ‘P) ¢tr'¢ (HO=HD ‘9°S=r ‘HT VD 19°S
(-D=HD
‘6T=r "HI VSt'c (I°HD ‘6'C=r "HT P) L€
(*HD ‘v'S=r ‘HE
P)ILT ‘UPHD ‘v'S=r ‘HT P) £8°¢€ (=HD
-*HD ‘HI ‘W) $9°6 “(-<*“HDO-HD= ‘HI ‘W) 16°S
(I'HD ‘¥v'9=r
‘HZ P) ST'v “(HO= ‘HI ‘W) €79 ‘(HO-IV
‘SyI=r "HI ‘P) 8%'9 (H-1V ‘HS ‘W) §0'L—LT'L
(‘HD ‘HT ) LSV ‘(H1V
‘L'S=rHTP)IEL (HAV L'S=[ ‘HT ‘P)LY'S
(I°HO ‘HT *9) 6v't “(H-IV
‘Se=r ‘HI P) 6,9 ‘(UIV ‘S'¢ ‘9Op=r
‘HI ‘PP) 989 ‘(HIV ‘9v=r ‘HI ‘P) 80°L
(I°HO ‘HT *9) €€t “(H-1V
‘ge=r ‘HI ‘P) 809 (HIV ‘LT ‘S¢=r
‘HI ‘PP) 91'9 “(HIV ‘L'1=r ‘HI ‘P) 6I'L

(HO-IV ‘HI ‘8) €T°S “(H-1V
HS ‘W) L1°L-6T°L “(H-IV ‘HS ‘W) 0¢'L—+8'L

ZT0Z BquWRAON 02 ¥72:70 T [AreiqiT uemayomesises Jo Aisieaiun] Aq papeojumoq

bz

dz

0T

ug

wg

I7

b (4



Downloaded by [University of Saskatchewan Library] at 04:24 20 November 2012

ﬂ MARCEL DEKKER, INC. ¢ 270 MADISON AVENUE  NEW YORK, NY 10016
™

©2003 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

2536 Hayat et al.

-OCHj;, -Cl, -O-CH,-O- proceeds very well and in high yields with
Csl/BF;-Et,O in acetonitrile (Entries 1-7). The electron-withdrawing
group, e.g., p-nitro benzyl alcohol (1h) also give very good yield 85%
at 30 min (Entry 8). The remarkable selectivity of this reaction allowed
only benzylic hydroxyl group to be iodinated without effecting the phe-
nolic OH group present in the same molecule (Entry 2). Similarly, sec-
ondary alcohols, such as diphenylcarbinol (1i) and benzoin (1j) could
easily be substituted by an iodide group in high yields using this reagent
(Entries 9, 10).

Furthermore, the displacement of hydroxy groups with iodine from
furfuryl alcohol (1k), 2-hydroxymethyl-thiophene (11), and 4-hydroxy-
methyl-pyridine (Im) are performed well by this reagent and produces
iodinated products in very good yields (Entries 11-13). The reaction of
allyl alcohols e.g., cinnamyl alcohol (1n), 2-buten-1-ol (10), 2-propy-1-ol
(1p), and 1,4-dihydroxy-cis-2-butene (1q) with CsI/BF;-Et,O also gave rise
to the desired corresponding iodides in excellent yields (Entries 14-17).

In conclusion, this method is an excellent for the rapid, simple,
mild, direct, highly regio-selective, and high yield conversion of allylic
and benzylic alcohols to their corresponding iodides on reaction with
Csl/BF3-Et,O in acetonitrile. The present method will be a valuable
addition into the useful synthetic methodology.

EXPERIMENTAL
General

Melting points were determined with a Biichi SMP-20 apparatus and
are uncorrected. The ultraviolet spectra were measured in chloroform on
a Lambda 5 UV/VIS spectrometer (Perkin-Elmer). Infrared spectra
(KBr discs) were recorded on a Bruker FT-IR IFS 48 spectrometer. EI
mass spectral data were recorded with Varian MAT 711 (70 eV) spectro-
meter and data are tabulated as m/z. 3-Nitrobenzyl alcohol was used in
the matrix of mass spectra. 'HNMR and '*CNMR spectra were
recorded in CDCl; and DMSO-dgs using Brucker AC 250 (250 MHz
and 62.9 MHz) spectrometer, respectively. Splitting patterns were as
follows: s, singlet; d, doublet; dd, double doublet; ¢z, triplet; m, multiplet;
br, broad. Chemical shifts are reported in § (ppm) and coupling constants
are given in Hz. The progress of all reactions was monitored by TLC,
which was performed on 2.0 x 5.0cm aluminum sheets precoated with
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silica gel 60F»s4 to a thickness of 0.25 mm (Merck). The chromatograms
were visualized under ultraviolet light (254-366 nm) or iodine vapors.

Materials

All allylic and benzylic alcohols, furfuryl alcohol, 2-hydroxymethyl-
thiophene and 4-hydroxymethyl-pyridine together with reagents Csl
and BF3-Et,O are commercially available (Fluka, Aldrich). The
anhydrous acetonitrile was purchased from Merck and used without
purification.

General Procedure for Conversion of Benzylic
and Allylic Alcohols into Iodides

To a stirred solution of the alcohol (3.0 mmol) and cesium iodide
(3.0mmol) in 10 mL dry acetonitrile was added a solution of BF5-Et,O
(3.0mmol) in 2mL of acetonitrile during 15 min. The reaction mixture
was stirred at room temperature for a period as indicated in Table 1. The
reaction mixture was poured into cooled water (20mL), treated with
aqueous solution (15%) of Na,S,0; and then extracted with ether
(3 x20mL). The combined organic phases were washed with water
(20mL), brine (20mL) and then dried over anhydrous Na,SOy.
Evaporation of the solvent gave residue, which was purified by column
chromatography over silica gel using n-hexane:ethyl acetate (9:1) as an
eluent to afford pure alkyl iodides.

Benzyl iodide (2a). Yellow crystalline solid; yield: 0.63 g (96%); m.p.:
21-23°C (1it.'¥ m.p.: 24-25°C); R;=0.84 (hexane:ethyl acetate, 5:1); EI
MS: m/z (%) =218 [M*](59), 141 (32), 127 (24), 91 (100), 77 (15), 65 (11),
53 (6), 43 (5). Anal. calcd. for C;H/I: C, 38.56; H, 3.24. Found: C, 38.47,
H, 3.32.

4-Hydroxybenzyl iodide (2b). Colorless crystalline solid; yield: 0.67 g
(95%); m.p.: 108-110°C; Ry=0.52 (hexane:ethyl acetate, 5:1); EI MS: m/z
(%) =234 [M™] (46), 219 (18), 127 (42), 117 (51), 107 (100), 91 (31), 77
(16), 59 (8), 43 (72). Anal. calcd. for C;H5I1O: C, 35.93; H, 3.01. Found:
C, 35.87; H, 2.99.

4-Chlorobenzyl iodide (2c). Colorless crystalline solid; yield: 0.70 g
(93%); m.p.: 58-60°C (lit."" m.p.: 60-61°C); R;=0.84 (hexane:ethyl
acetate, 5:1); EI MS: m/z (%) =252 [M™] (57), 127 (72), 125 (100), 101
(6), 89 (34), 76 (7), 63 (11). Anal. caled. for C;H,CII: C, 33.30; H, 2.40.
Found: C, 33.41; H, 2.36.
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4-Methoxybenzyl iodide (2d). Pale yellow solid; yield: 0.67 g (90%);
m.p.: 25-27°C (lit.!"'m.p.: 27°C); R,=0.82 (hexane:ethyl acetate, 5:1); EI
MS: m/z (%) =248 [M1] (65), 217 (16), 142 (100), 127 (81), 121 (84), 106
(7), 91 (11), 77 (15), 63 (8), 43 (6). Anal. calcd. for CgHolO: C, 38.74; H,
3,66. Found: C, 38.82; H, 3.59.

3,4-Dimethoxybenzyl iodide (2¢). Yellow crystalline solid; yield: 0.77 g
(92%); m.p.: 40-42°C (1it!"" m.p.: 43°C); R,=0.48 (hexane:ethyl
acetate, 5:2); EI MS: m/z (%) =278 [M™] (35), 263 (41), 248 (32), 232
(19), 216 (23), 151 (100), 137 (14), 127 (17), 107 (8), 91 (6), 75 (8), 57 (11),
43 (7). Anal. caled. for CoH{110,: C, 38.87; H, 3.99. Found: C, 38.78;
H, 3.92.

3,4-Methylenedioxybenzyl iodide (2f). Colorless crystalline solid;
yield: 0.69 g (88%); m.p.: 76-78°C; R,=0.62 (hexane:ethyl acetate, 5:1);
EI MS: m/z (%) =262 [M™] (23), 214 (6), 135 (100), 127 (11), 105 (15),
83 (7), 79 (4), 77 (21), 67 (6), 51 (21). Anal. calcd. for CgH410,: C, 36.67,
H, 2.69. Found: C, 36.72; H, 2.78.

4-(Iodomethyl)-benzyl iodide (2g). Colorless crystalline solid; yield:
1.02g (95%); m.p.: 174-175°C (lit!"™ m.p.: 176-177°C); R,=0.82
(hexane:ethyl acetate, 5:1); EI MS: m/z (%) =358 [M™'] (62), 282 (8),
231 (24), 217 (31), 141 (43), 104 (100), 90 (19), 76 (11), 65 (14), 56 (7),
45 (16). Anal. calcd. for CgHgl,: C, 26.84; H, 2.25. Found: C, 26.77;
H, 2.18.

4-Nitrobenzyl iodide (2h). Yellow needle; yield: 0.67g (85%); m.p.:
122-124°C (lit.!"™ m.p.: 125-127°C); R,=0.55 (hexane:ethyl acetate, 5:1);
EI MS: m/z (%) =263 [M™] (61), 149 (11), 136 (100), 127 (8), 106 (19), 89
(21), 76 (12), 63 (5), 51 (4). Anal. caled. for C;HgNIO,: C, 31.96; H, 2.30;
N, 5.33. Found: C, 31.88; H, 2.39; N, 5.27.

Diphenylmethyl iodide (2i). Colorless crystalline solid; yield: 0.74 g
(84%); m.p.: 69-70°C (lit..'”) m.p.: 72°C); R;=0.78 (hexane:ethyl acetate,
5:1); EI MS: m/z (%) =294 [M™] (26), 217 (43), 167 (15), 127 (8), 105
(100), 91 (7), 77 (51), 65 (7), 51 (14). Anal. caled. for Ci3H;1: C, 53.09; H,
3.77. Found: C, 53.12; H, 3.73.

o-lodo-o-phenylacetophenone (2j). Colorless crystalline solid; yield:
0.79¢g (82%); m.p.: 90-92°C (lit.*™” m.p.: 92-93°C); R,=0.38 (hexa-
ne:ethyl acetate, 5:1); EI MS: m/z (%)=2322 [M*] (44), 245 (19), 217
(21), 195 (100), 127 (12), 118 (25), 105 (31), 91 (16), 83 (8), 77 (15), 65
(5), 51 (9). Anal. calcd. for C14H;10: C, 52.20; H, 3.44. Found: C, 52.27;
H, 3.38.

2-lodomethyl-furane (2k). Oily; yield: 0.57 g (91%); R=0.69 (hexa-
ne:ethyl acetate, 5:1); EI MS: m/z (%) =208 [M*1] (29), 127 (41), 104 (4),
81 (100), 77 (6), 65 (11), 52 (6), 43 (15). Anal. calcd. for CsH5IO: C, 28.87;
H, 2.42. Found: C, 28.81; H, 2.48.
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2-lodomethyl-thiopliene (2I). Oily; yield: 0.598 (88%); R;=0.79
(hexane:ethyl acetate, 5:1); EI MS: m/z (%) =224 [M1] (48), 141 (11),
127 (32), 97 (100), 83 (23), 51 (19), 43 (8), 32 (6). Anal. calcd. for CsH;IS:
C, 26.80; H, 2.25. Found: C, 26.75; H, 2.31.

4-lodomethyl-pyridine (2m). Yellow needle; yield: 0.56 g (85%); m.p.:
61-63°C; R;=0.24 (hexane:ethyl acetate, 5:4); EI MS: m/z (%)=219
[M*] (23), 127 (11), 93 (100), 78 (4), 67 (14), 66 (36), 51 (13), 39 (23).
Anal. caled. for CqHGIN: C, 32.90; H, 2.76; N, 6.39. Found: C, 32.86; H,
2.67; N, 6.44.

3-Iodo-1-phenyl-1-propene (2n). Colorless plates; yield: 0.62 g (85%);
m.p.: 54-56°(1it."” m.p. 56-57°C); R;=0.85 (hexane:ethyl acetate, 5:1);
EI MS: m/z (%) =244 [M1] (56), 167 (43), 127 (31), 117 (100), 106 (11),
91 (19), 77 (9), 57 (23), 43 (25). Anal. calcd. for CoHol: C, 44.29; H, 3.72.
Found: C, 44.24; H, 3.78.

trans-1-lodo-2-butene (20). Oily; yield: 0.45¢g (83%); R,=0.53 (hex-
ane:ethyl acetate, 5:1); EI MS: m/z (%) =182 [M*] (36), 141 (11), 127
(15), 55 (100), 41 (23), 26 (11). Anal. calcd. for C4H-I: C, 26.40; H, 3.88.
Found: C, 26.46; H, 3.81.

3-lodoprop-1-yne (2p). Oily; yield: 0.41g (82%); Ry=0.48 (hexa-
ne:ethyl acetate, 5:1); EI MS: m/z (%) =166 [M™] (53), 141 (31), 127
(19), 39 (100), 25 (11). Anal. caled. for C3Hi3l: C, 21.71; H, 1.82.
Found: C, 21.78; H, 1.88.

1,4-Diiodo-2-butene (2q). Oily; yield: 0.74 g (80%); R;=0.64 (hexa-
ne:ethyl acetate, 5:1); EI MS: m/z (%) =308 [M*] (42), 282 (15), 181 (41),
167 (21), 141 (13), 54 (100), 40 (9), 26 (7). Anal. calcd. for C4Hgl,: C,
15.60; H, 1.96 Found: C, 15.67; H, 1.89.
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