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SYNTHESIS OF «-CHLOROCARBOXYLIC ACIDS BY
CHLORINATING COMPOUNDS CONTAINING THE
CCl,—CH GROUP IN ACID MEDIUM®*

A. N. Nesmtyanov, R KH. FREIDLINA, V. N. KOsT, T. T. VASSILYI VA
and B. V. Kopyiova
Institute of Organo-Flement Compounds, USSR Academy of Sciences, Moscow

(Recened 9 June 1961)

Tue rcady availability of x,x.x.w-tetrachloroalkanes by tclomerization of cthylene
and carbon tctrachlonide, their ability to react with nucleophilic, clectrophilic and
radical reagents made it possible for us to create on their basis a wide system of
synthesces of bifunctional compounds.!

This paper reports on the results of our study to develop 2 method of synthesizing
various tn- and poly-functional compounds according to the general scheme I

(= X(CH.),CH,CCI
I CICH,)CHCCt{ i CI(CH;)) CH’ Cél S
M " ' 2’

—» X(CH,),CH CCl, ~ X(CH,),CHCICO,H —> X(CH,),CHYCO,H,

where X and Y arc substituents, and n odd numberst from 1 to 15.

This system is new 1n that it involves a one stage conversion of dichlorovinyl
compounds to z-chlorocarboxylic acids (stage ¢), first instances of synthescs follow-
ing this scheme having been reported in the paper mentioned above (see ref. 1)

To synthesize a-chlorocarboxylic acids we have worked out “'conjugated addition™
of chlorinc to compounds containing the CCl,==CH group in acid medium according
to scheme 11

t X(CH,),CH  CCl, gihe> [X(CH,) CHCICCI,OA¢) 4% >

~—» X(CH,),CHCICO,H  HCl

with Ac being the remainder of any acid.

Conjugated addition of various addenda to unsaturated hydrocarbons in different
media has been known for a long time and 1s being extensively investigated. It has
recently been suggested that conjugated addition of halogens to olefines proceeds
through intermediate m-complexcs of different types 24

® Translated by A L. Pumpiansky, Moscow.

t n being himited to odd numbers 13 essential only when dichlorovinyl compounds are synthesized
directly from x,x.x.w-tetrachloroalkancs  Other routes to these compounds are, however, known that do not
involve this restriction.

' A. N. Nesmeyanov, R. Kh. Freidlina and L. | Zakharkin, Quarr. Rev. 10, 330 (1936).
* M. Dewar, J. Chem. Soc 406, 117 (1946).

P I'. A. Shilov, Soobschenva bses. KAim. Obsch. imemt Mendeleyera. 2, 36 (1947),

¢A I Titovand F | Maklyaycv, ZA Obsch. Khim 24, 1624 (1934).
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Titov e al® have found conjugated addition of halogen to the double bond of
the CH, CH group in strong acid media such as sulphunc. phosphonc and aryl-
sulphonic acids, to form corresponding fi-haloalkyl csters. Nothing was, however,
known of conjugated addition of halogens to the dichlorovinyl group.

Conjugated addition of chlorine to RCH=CCl, in diffcrent acids was carried out
at 10-30". Under these conditions almost no hydrolysis of starting compounds to
corresponding acids RCH,CO,H was to be observed even in concentrated sulphuric
acid. Usually chlonine saturation was continucd until no hydrogen chloride was
cvolved, the mixture was diluted with water and cxtracted with chloroform. Acid

Taste 1 Curorisation or CCL CHICH,CLIN DIFFERENT MEDIA

Yield Yicld
Mcdium CICHN,CHCICO,H CHCH,CHCICCI, Refs.
(°, of theory) (*, of theory)
HCl® — 81 7
HCIO, (70°,) 36 Neutral products were | 7
not investigated
CH,CO,H - Hg(OAc),t 62 16 8
HCOOH (anhydrous) 69 23 . 9
H,S0O, (93°,) 78 8 ) 6

* Trichloropentene 1n a mixture of cther and hydrochloric aad was simultancously ssturated with
chionne and hydrogen chlonde.
1 Mercuric acetate and trichloropentene were taken in equimolecular amounts

products were isolated from chloroform with concentrated soda solution. By acidify-
ing alkalinc catracts acid reaction products were obtained  Fractionation of the
residue after evaporation of chloroform gave rise to ncutral products. In Tables 1-6
all yiclds are based on pure compounds. As a rule, all acids produced arc charac-
terized by their chloro anhydrides, anilides or other crystalline derivatives.

Taking 1.1,5-trichloropentenc-1 as an cxample we have studied chlorination in
different acid media (sce Table 1).

It will be seen from the table that in all cases the two main reactions, that of con-
jugated addition, that 1s the introduction of the molecules from the medium, and
that of usual chlonination of the double bond procecd concurrently. The latter
rcaction scems to be favoured by the appearance in the reaction mixture of hydrogen
chloride. For the successful production of a-chlorocarboxylic acids it is thercfore
necessary to carry out the reaction under such conditions when hydrogen chloride
is being bound (e g. by adding mercuric acetate) or driven out of the medium (in
anhydrous acids)

Chlorination in concentrated sulphuric acid can be reccommended in all cases
when starting compounds contain substitucnts that arc not affected by this medium.
(Sce Table 2). But when substituents are not inert to the action of sulphurnic acid it 1s
S A I Titovand F. L. Maklyavev, Zh Obsch. Khim 24, 1631 (1954).
¢ A N Nesmeyanov, V. N Kost and R Kh. Fraidhina, Dokl Akad. Nauk SSSR 103, 1029 (1933).

'R Kh. Fradhina, V' N. Kost and A N. Nesmeyanov, /. Akad. Nauk SSSR, Ord. Khkim. Nauk 1202
(1936)

* A N Nesmeyanov. V. N Kout, T. T. Vasulyeva and R Kh Fredlina, /ot Akad Nauk SSSR, Oud.
Khim. Nauk 152 (1938)

* V. N.Kost, T. T. Sidorova. R Kh Freidhina and A N. Nesmeyanov, /ot Akad Nauk SSSR, O1d. Khim.
Nouk 2122 (1939).



Synthesis of a-chlorocarboxylic acids n

better 10 synthesuze x-chlorocarboxylic acids i1n acctic or formic acid. (Scc Tables 3
and 4). Thus in glacial acetic acid in the presence of mercuric acetate or in anhydrous
formic acid wc obtained corresponding =z-chlorocarboxylic acids starting with
compounds

R(CH,),CH-=CCl,, where R =: C¢H,, CH,CO0. HCOO, CH,0. CN.

Tasie 2 Crrominanion or RCH CCL N sttPHURIC ActD (| K)

Yield Yield
R RCHCICO,H  Refs R RCHCICO,H  Refs.
(°, of theory) (%o of theory)
CH,(CH,), - 7 6 HOOC(CH,),— 77 6
CH,(CH,), - Sl 6 HOOC(CH,),- 73 | &
CICH, 66 9 |  HOOC(CH,),— 69 6
co |
ClHCH,), 78 6 C.H.CON(CH.), - 92 n
_ co
CUCH,), - 70 6 CH,  N(CH,)— X4 10
_ : co :
I
CCI(CH,),— 52 "1 . pQCHCH,— 83 . n

Tasir 3 Haroarvanios or RCH- CCl, IN GLACIAL ACFTIC ACTD
IN THE PRESFNCF OF MFRCURIC ACFTATE

Yield Yield I
R | RCHCICO,H RCHCICCI, © Refs

(*, of theory)® (*. of theory) |

CH,OCH, - 25 Neutral products were 8
, not investigated

CH,COOCH,— i 7 hb 8
CH,CH, - t | 45 (%4) . A X
CI(CH,), - 62 | 0 8
CH,COO(CH,),— hh} s 8
CN(CH,), $4 o 8
CUCHyY), ¢ 24 (48) 1 8

® Yields calculated for the product that had reacted are hsted 1n parcntheses
t With no mercuric acetate the acid was obtained in 30°, yield.**
+ Bromtne addition. CI(CH,),CHBrCO,H and C{CH,),CHBrC(1,Br were produced.

We succeeded also 1n producing w-chloro-x-bromopentanoic acid by making
bromine react with 1.1,5-trichloropentenc-1 in acetic acid in the presence of mercuric
acetate.

'.R. Kh. Freidlina, V. N. Kost, T. T. Vassilyeva and A. N. Nesmeyanov, /21 Akod ANawk SSSR, Od
Khim. Nauk 826 (1959).

' A, N. Nesmeyanov, R. Kh. Freidhina and R. G. Petrova, /zc. Akod Nawh SSSR, O1d Khim. Nauk 451
(1957

1t R.Kh Freidhina, N. A. Semenov and A. N. Nesmeyanov, lzc. Akad Nauk SSSR. Otd Khim. Nauk 632
(1959).
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In many instances, however, the yields of x-halo-carboxylic acids obtained in
acetic acid still lcave much to be desired. Curiously cnough, bromination of fluoro-

olefines containing the >C:=CF2 group in glacial acetic acid and in the presence of
mcercuric acetatc or sulphate proceceds essentially with conjugated addition to form

|
corresponding acctates of a.x-difluorosubstituted alcohols CH,CO,CF,CBr.»?

[
In anhydrous formic acid conmjugated addition of chlorine to CCl,=CH gives

rise to a high yicld of x-chlorocarboxylic acids even with no mercuric acctate present.
This synthctic alternative is rather convenient and applicable to many instances
(sce Table 4).

Tasiet 4 Crromivatios of RCH CCly 18 porMic acin

: Yicld l Yield
R RCHCICOMH RCHCICCI, Refs.
! (°, of theorv)® (°. of theory)
CH,OCMH, 60 Neutral compounds were 10
not Investigated
HCOOCH, - n 16 10
CH,CH,— 63 29 9
CICH, - 52 (60) 1 10
HCOO(CH,), 82 9 10
CUCHy),— 69 b 10
CUCHy, -- 76 (35) 9 10
CI(CH,), - 7 (R’ 6 10
PCHICHLCH CCly), 10 14

® Yiclds calculated for the product that had reacted are histed in parentheses.
t icarboxylic acid p~CH (CH,CHCIKCO,H), was obtained

With formic acid as reaction medium we succeeded in cffecting the synthesis of
almost not investigated x-chloro-w-sulphocarboxylic acids by chlorinating isothiourca
salts HCL.NH(NH=)CS(CH,), CH=CC]I, according to scheme Il1.

a. ¢ »HOS(CH,),CHCICO,H (1)
I HCINH,(NH  )CS(CH,).CH=CCl, jieomm
' - » HO,S(CH,),CHCICCl, (2)

Chlorination of alkylisothiourea hydrochlorides in aqucous medium is known to
have been suggested as a method to obtain alkylsulphochlorides !*.1¢.17  But the
report’® about the reaction mixture exploding when trcated made limited its uscful-
ness. Chlorinating in anhydrous formic acid without heating we observed no violent
processes. Scparation of acids (1) and (2) was based on the latter being less soluble
1n water. The former were isolated as their bis-benzylisothiouca salts, the latter as
sodium salts. (Sce Table 5)

). L. Knunyants, L Ja. Pcrvovaand V. V. Tukncva, /2t Akod Navk SSSR, Otd. Khim. Nauk 843 (1946)
¢ A.N Nesncyanov, R Kh Freidling and N. A Semenov, /:c. Ahad. Navk SSSR, Ord Khim. Nowk 1909
0 2?3?&1« and J. M. Sprague. J. Org. Chem. 16, 621 (1951).

1¢ 5. M. Sprague and T. B. Johnson, J Amer. Chem. Soc. 59, 1837, 2439 (1937).

3* T. B. Johnwn and J. M. Spraguc.J Amer. Chem. Soc 58, 1348 (1916)
1% K. Folkers. A. Russell and R W. Bost, J Amer Chem. Soc 63, 3530 (194]).



Synthesis of x-chlorocarboxylic acids 7

It is to be noted that we were not concerned with optimum yiclds of x-chloro-
carboxylic acids in all the instances under investigation. In a number of cascs the
yiclds might be probably increased. We did not deem it possible, therefore, to discuss
the relationship existing between the structure of starting dichlorovinyl derivatives
and the yicld of corresponding reaction products

The reactions under study showed that compounds containing CCl,--CH—
with a relatively weak nucleophilic bond (that is a bond that does not seem to form
readily mcomplexes with halogens) can also undergo rcactions of ‘‘conjugated
addition™ by a mcchanism which has not yet been investigated and 1s of a special
interest.

TaRLe § CHiorinaTiON OF HCI NH(NH - )CS(CH).CH  CClL,
IN PORMIC ACTD

Yield of compound 1* Yicld of compound 11*
(°, of theory) (*, of theory)
] 42s 19
p) ns 287
? 1N 12
9 11-148

¢ Compound | 11 HOOCCHCIHCH).SOH.2C,H,CH,SC(. - NH)NH,
t Compound 1113 CCI,CHCICH,).SO,Na.H,0.

As seen from instances given in Tables | S, a-chlorocarboxyhc acids containing
in w-position different substituents can be readily obtained in high yield starting with
compounds X(CH,),CH=CCl,. x-Chloroacids produccd by this method arc readily
freed from by-products that consist of neutral substances or acids much less soluble
in water. This makes this method supcerior to direct chlorination of carboxylic and
dicarboxylic acids that often gives rise to a product mixture that is difficult to separate.

Many of thc compounds obtained are uscful as starting compounds for further
synthesis.

Starting with a number of x-chlorocarboxylic acids produced by the above
mcthod we have, in particular, synthcsuized corresponding z-aminoacids including
raccmates of natural amino acids, as well as their analogues and homologs.

The available data on ammonolysis of a-halo carboxylic acids mostly refer to
a-bromodcrivatives whercas only isolated instances of x-chloroderivatives have been
reported. This seems to be accounted for by the latter being less available and the
difficulty to obtain them pure.

In some instances the yiclds of aminoacids are claimed to be substantially lower
than using a-bromodenvatives.!®2° Ths is likely to be duc to chloroacids not being
pure enough and the reaction conditions not well known. Our high yiclds of amino-
acids on ammonolysis of x-chloroacids show that the yield of aminoacids seems to be
little affected by the nature of the halogen in x-position. (Sce Table 6.)

Owing to the availability of starting compounds and high yiclds of products at all
stages following scheme | this synthetic route to a number of x-amino acids must he
considered superior to other methods known.

The mcthod is illustrated below by representative syntheses of a-chloro acids
under different conditions

1R Goudry, Cunad J Res 23 B, 88 (1949%)
** R Goudry and L. Berhinguet, (anad. /. Res. 27 B, 282 (1949).
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Synthesis of a<chlorocarboxylic acids 78

EXPERIMENTAL

Chlorination of 1.1, S-trichloropentene-1 in sulphuric acid

Through a mixture of trichloropentene (90 g) and 93 °{ sulphuric acid (130 g) chlorine was passed
with surnng at 15-20 ull no hvdrogen chloride was evolved  After dilution with water the mixture
was extracted with chloroform. Acid products were 1solated from the chloroform layer, and washed
with 10°, sodium hydroxide solution  Acidification of alkaline extracts gave x.8-dichlorovalenc acid,
bp 10610771 mm. ap 14825, d® 1:3421. (Found: MR, 3637. Cak : MR, 3656). Yield of
pure acid 68 g (T8°, of theory) 1t * for a A-dichlorovaleric acid: b.p. 129-1317/8 mm; np 1:4835;
daP 12

Acidechlonde: bp 80.Smm, nf | 4840, 42° 1 3513 (Found: MR, 40-12. Calc. for C,H.C1,0:
MR, 4027).

Aniide: mp S8-59° (from petroleum cther plus benzene). (Found: C, $367, 5369, H, 135,
$50. C,H ,NCLO requires: C, 5367, H, S 32°%)

In additon, 16 Sg of neutral products were obtained boiling at 60-75 .1 mm. Rcpeated
distillauon gave the starting trichloropentene (4 g) and 1,1,1.2,S-pentachloropentane (10 g). bp.
86 87.2mm. nap 15100, 4 14806 (Found MR, 4939 Calc: MR, 4962). L bp.
120-122 /12 mm; af? 1135, J° 1-4807,

Chlorination of 1 V-dichloro-S-cyanopentene-1 in acetic acid in the presence of mercuric acetate

Through a muxture of dichlorocyanopentene (32 8 g), mercunc acetate (63 6 g), and glacial acetic
acid chlonine was passed at 50° with stirring till its decoloration was no more observed. The precipitate
was filtered off, acetk acid from the filtrate cvaporated and the residuc dissolved 1n ether with the
mercursc salt precipitate filtered off. - Acid products from ether solution were isolated with concentrated
soda solution, the soda cxtracts acidified, repeatedly cxtracted with ether and dred over calcium
chlonde  Irsullation gave $4°, x<loro-dcyanovalerc acid (174 g), bp 150 (1 mm), 162" (3 mm),
ny 14770, 42 1 2660 (Found. MR, 3606 Calc: MR, 3613) (Found: C, 4447 4427 H, 509,
$05, C1L.2223 CHNCIO, requires: C,4460. H. 498, Cl.219%°,  Acidechlonde: dp 110°
(2mm). a1 4830, /3 1 3072 (Found. MR, 3933 Calc: MR, 1947¢)

Sulphuric acid hydrolysis gave a<chloroadipinic acid, m p 102 . The melting point of the mixture
with authentic a<hloroadipinic acid proved to be 102

In addition, 16 S g of neutral products were obtained such as the starting 1.1-dichloro-Scyano-
pentenc (2 S g). 1.1,1.2-tetrachloro-S<cyanopentane (14 g, 30°.). bp. 116° (2 mm); nf 1 5045, 4°
1 4087 (Found MR,49 43, Calc : MR.4919) (found: C, 3109,3104; H,303,317 CH,NClI,
requires C,. 3067, H,300°%,)

Chlorinution of 1. Idichlorv-3-formoxypropene-| in formic acid

Through a muxture of 1.1-dichloro-3-formoxypropene-1 (40 g) and anhydrous formec acid (80 g)
at 30 chlornne was slowly passed with stirming till no hydrogen chlornide was evolved.  After removal
of formic acid and distillation in tacuo, a<chloro-g-formoxypropronic acid was obtained. Yicld 296 g
(73°, of theory), mp 66-61 (from bensene) (Found: C, 3168, 3170, H, 334, 330. CH,CIO,
requires C, 3149, H,334°)

In addition we obtained the starting formoxydichloropropenc (2 g). 1,1.1.2-tetrachloro- }-formoxy-
propanc (8 8¢, 18°, of theory), bp. 93-94" (Tmm); aff 14932; 4 15622 (Found: MR, 4204.
Calc MR, 4179) (Found. C, 2118, 2130 H, 188 192 CHQLO, requires: C, 2126; H,
178°,)

Ammonolysis of xchloro-g-formoxypropionic acid with 25°, aqueous ammonia when heated at
70 for 10 hrn an autaclave gave 1sosenin Yicld 83°¢ of theory, m p. 239-240 (from water). Lit.**
mp. 237 . (Found: C,3402,3418; H,693,671; N, 1320,1327 C,H,NO, requires: C, 34 29;
H. 672, N, 1332°)

Chlorination of HCI NH(NH )CS(CH,),CH -CCl, 1 formuc acid
Through 1sothiourea chlonide (S $ g). produced from 1,1,5-trichloropentene-1, 1n anhydrous formuc
acid (25 m) at 35 chlonine was slowly passed at the rate of about 30 ml:mun tll no hydrogen chlorine

' R. Kh Fradhina and E 1. Vassilyeva, Dok! Akad. Nauk SSSR 100, 83 (19593).
2 A. N. Nesmeyanov, R. Kh. Freidlina and L. | Zakharkin, Dok!. Akad. Nauk SSSR 56, 87 (1934).
# H. Rinderknecht and C. Niemann, J. Amer CAem. Soc. 78, 6322 (1933).
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10.
1.
12.

14

15,

16

17.

18
19

20.

21

22

Compound

. CICH,CHCICOOH

CICH,CHCICCL,
CH,OCH,CHCICOOH*
Acidechlonde*®

. HCOOCH,CHCICOOH"*

HCOOCH,CHCICCI,*

. CH,COOCH,CHCICOOH"*

Acidechlonde®

. CH,COOCH,CHCICCI,

CH,CH,CHCICOOH"*
Acidechloride®

amide

anihde®

cthyl ester®
CH,CH,CHCICCl,
p-CICHCH,CHCICOOH

CH,O00CCHCI(CH,),COOC,H,*

CH,L(CH,),CHCICOOH
Acidechlonde®

amhide®
CNCH,),CHCICOOH
Acidechlonde®

anihide®
CI(CH,CHCICCI,
HOOC(CH,),CHCICOOH
CCI,CH,CH,CHCICOOH
CNCH),CHBRICOOH
CWCH,),CHBrCCl,Br
HCOO(CH,),CHCICOOH"*
HCOO(CH,)CHCICCI,*
CH,COO(CH ,),CHCICOOH *
Acidechlonde®
CH,COO(CH),CHCICCI,*

23. NC(CH),CHCICOOH®

Acidechlonde®

. NC(CH,),CHCICC,*

H,N(CH,),CHCICOOH*

. CeH(CO),N(CH,),CHCICO,H

GyH(CO,)N(CH,),CHCICO,H

CHy(CH,),CHCICOOH*
Acidechlonde
CHCH ), CHCICOOH
Acidechlonde®

anilhide
CI(CH,\CHCICCI,

mp(C) | bp(C) ny

52-5%

66 67

63-64

S8 S9

| 104105

82 83

138

11g-119

132

[ 2]
()
e
o

| 4243

7515

110 111-30 1 5104
M1 1 3569

63 6524 14590
93947 14932
1215 14570
90 9117 14565
117 11824 1 4860

132.2

142 15430 -

110.8 1 5092
122:3 15589

93-9471 ] 4439
93 94.5 . | 4442
61 62 28 | 1 4465

1071 © 14828 -

80 $ 1 4830
K6 872 | 15100
106 107.0'S | 15070

84 851 . 15562
13815 . 14671

1012 | 14913
126 1271 14640
13318 1 4668
100 101-1'S 14870
140 1 14770
1102 1 4830

116 2 . 15048

92-93:1 1 4485
76-77.13 1 4498
128 1311 1 4804

1042 14817

10228 | 1 5036

She

16121
13216
1316

1 5622
1 3496
13671
1 4899

1 2647
11312
1 875
11388
11765

1 3421
13

1 4806

6215
9322
3148
4501
2630

R3S

2660
3072

|
!
1
1
]
1 2765
1
|
1
1 40K7

1006
2441
2587

3s

0X30 .

x

OO0 ONX X0 ARXAXOXX XL X

Refs

%9

—_ X A, WX WL LC XX IO




Synthesis of a<hlorocarboxylic acids 7

TasLe 7 (continued)

Compound mp(C)H bp(C) n ak | Refs.
31. HOOC(CH,),CHCICOOH 98 99 — . | 6
32, CI(CH,),CHCICOOH® 142-143.05 14768 ' 11694 9
Acidechlonde® 130 1 1 478S 1 1899 9
anihde® 62 63 . - . 9
33. CHCH,),CHCICCL,* 120-121.18 14950 | 1 2947 9
34. p-C,H(CH,CHCICOOH), 199 200 — 14
3 HOOCCHCI(CH,),SO,H 1S 24
2C H,CH,SC(- NH)NH,
36 HOOCCHCICH,),S0,H 132133 24
2CH,CH,SC( NHINH,
37 HOOCCHCI(CH,),SOH 124 128 24
2CH,CH,SC( NH)NH,
38. HOOCCHCUCH,),SOH 143 [ |

2C H,CH,SC( -NHINH,

was evolved  Treatment of the reaction mixture with warm water resulted in the product of chlorine
addition to the double bond obtained as o1l with a<chlorocarboxylic acid remaining 1n the solution
The organic layer (1 § g) was separated, treatment with condentrated soda solution gave sodium salt
(CCl,-CHCI(CH,),S0,Na H,0) Yield 1 35 g (192, of theory) (Found: C. 1813, 1795, H, 298,
276 CH,0CISNa requires. C, 1818; H.272°)

Evaporation of water Luyer 1 vacuo at 30-35 " led to x<hlorocarboxylic acid (4 4 g)  Treatment
with aqueous soda and bensylthiourea chloride solution gave the salt of bis-bensylthiourea
(HOOCCHCHCH,1,S0,H 2CH,CHSC( NHINH,) Yeld 51 g (42 5°, of theory), mp. 111-111°$
(after three crvstallizations from water) (Found: C, 4563, 4533; H, 535, 5 22 C,,H,,0,CIS,N,
requires: C, 4594 H. 529°)

In Table 7 arc histed several constants of substances obtained by conjugated chlornination of
compounds contatming the dichlorovinyl group  Substances previously not reported are marked with
an asternisk

* R.Kh btreidhina, B V Kopylova and AN Nesmeyanov. Inpress



