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1. The Rubezhnoye (N 49-01, E 38-23) Chemical Combine produced, principally, organie :
dye stuffs, intermedjmte products, and some base msterials. The Plants, bullt v
by Americen firms in 1926, were partly dismantled during World War II and the .
buildings were heavily damaged. From 1946 |_a——|reconstructian was slow. ‘
25X1 For example, the power statlon which had been under construction es early as \
25X1 1946 had not heen completed ‘

-+ 2. The manager of the Combine, not a specialis‘bz; wes & State or Party functionary .
whe directed not only the works but also most of the provia‘ﬁun and clothing
Bhops, hotels, culture bulldings, and other installatiens 1 Rubezhnoye. The

technical manager of the Combine was the chief e ineer who was the supervisor :

of department and shop managers. | tEhev1a’rn:n:usvt:e)ry 25X1
.of the German specialists employed 1n The works was directed by Bulkin (fnu), a '
rather young Soviet chemist, who was afterward sentenced to several years of
pengl servitude for unknown ressons. He was succeeded by Viktor Yemilyewieh
Reynfart, a Moscow chemigt who was given the title of director after the ;
lsboratery had been taken gver by the NIOPIK (nauchny institut organicheskikh Lo
produktov i kragitely®y - 'Scientific Institute for Organic Products and Dye Stuffs). !
Second to Reynfart, who was s high-ranking Party funetionary, wes Deputy Direcclor

- Thoyanov (fmu) who had bepn awarded a Stalin prize Ffor scientific works in 1951
and who directed the worke of the German resesrch tepm. Soviet personnel of the
laboratory included two women secretaries, a woman bookkeeper, & woman ilbrarian,
and three workmen. Several Soviet chemists and women sesistant chemists were
apsigned to the German speclalists.

3. The Soviet chemists were not equal in training to the Germans. They were unw
acquainted with many chemical pracegses and consplcuously lecking in the ability
to perform chemical caleulations. In general they were docile and eager to
-learn but were distracted fram their duties by campetitions and politieal in-
doctrination. They were ¥specially reluctant to assume responsibility and worked
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only when given positive orders by supervisors. The women assistant chemists
were very diligent and were constantly instructed by chemists in both chemieal
and politiecal subjects. Chemists; as well as assistant chemists, were organized
according to work and salary grades; they could be pramoted or demoted to higher

or lower grades. -

L, | |twenty~three deported German speclalists, twenty-one from

the Wolfen Farbenfabrik and two from the Deutsche Hydrierwerke in Rodleben ars
rived at Rubezhnoye. With the exception of one physicist and two engineers all
were chemlsts. Only three of them were employed in their proper field; the
others had to familiarize themselves with new subjects. Their duties were made
known to them by Professor Voroshtsov (fnu), director of a Moscow scientific dyé
stuff laboratory, who determined the possibilities of employment and the salary
for each member of the German team. Salsries were between 4,000 and 75000 rubles.
After reading sclentific literature for one month, the Germans were assigned a
temporary laboratory with small and simply-equipped rooms. The supply of current
and gas was irregular., The gas which was a benzol-air mixture, was so irregularly
supplied that the burners often went out and benzol vapor appeared in the rooms.
This was extremely detrimental to the health of the working staff in the laboratory
and affected the hemogltbin level of the blood, decreasing it from 90 to TO per=
cent. The glass eguipment was very poor and tins and glasses for conserves were
used to a very large extent. From time to time glass equipment delivered as
reparations, or resulting from dismantlings, srrived from Germany but most of

it was stolen before reaching ke leboratory. Writing paper was scarce, too, and
packing paper was generally used for writing. Im mid-19h7 s the German team

moved into a new laboratory with better equipment which had been constructed for
them. The installations were not perfeect but the laboratory ensured undistunbed
work to a certain degree. A library on the fifth story of the building became
ugeful gradually. All major chemical works had been seized in Germany.

A so-called tekhnikum, an experimental plant where all major experiments

of the processes developed 1n the laboratory were executed under commercial
conditions, was attached to the laboratory. Although equipped with modern
ingtruments from Germany end Hungary, the tskhnikum lacked implements and

‘tools. It was directed by Popov (fnu), a Soviet chemist who was assisted

by five other Soviet chemists. They worked in three shifts, and the German
speclalists had only to express thelr wishes on the technique of the pro-
cegses to control the experiments. They were never informed whether the
processes were adopted for regular production nor were they allowed to
enter the production shops.

Industriel Research on Dyestuffs and Dyestuff Intermediates.

Ethoxy-Cleve acld, intermediate product for dyestuff.

(I) Naphthol OH + Ethyl slcohol (CoH:OH) e
C10HRO Sulfuric acid (HQSS)_,,) -
(II) Naphthol ethyl ether 0CoHg +Nitric scid (ENO3) 45% 5
C12H; 20 in organic solvent, 4OYC
(III) Nitro-ethoxy-naphthalene NO2
C12H1103N OCoHg .+ Iron (Fe) o :
« Hydrochloric aecld i
.(IV) Amino=ethoxy-naphthalene
CipH130 N NHy 0C3He + _ Sulfuric acid 5

(HpS0y) 9%
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(V) Amino -ethoxy-naphthalene« 150 NHp .
sulfonic acid CqoHp 048N U3 . T_Sodlum chloride
3 OCzHg (Hat1) >
NHp
(VI) ls<emino-2-ethoxy-6-naphthalene- 0CoHg
gulfonic acld sodium salt NaSOs

c 12H120 )_._SNN&

The etherification {I), in the Soviet Union, is allegedly supposed to
be performed with boric acid (HBO3) as a catalyst., An orientation ex-
periment failed and was not repeated. The nitration (II) proceeds
smoothly. Tt results, also, in the formation of other nitro compounds
which, in the main, remain in solution, while the l-nitro compound
preclpitates. The l-nitro-2-ethoxy-naphthalene (III), which has been
filtered off and dried, is sufficiently pure for further treatment.
The reduction to the amino compound (IV) with iron powder is difficult
and tedious. The amino compound so obtained will be distilled in a
vacuum, then dissolved in and recrystallized from ethyl alcohol, (GQH5OH).
Sulfonating (IV) with 98% sulfuric acid and salting out with sodium
chloride offer no obstacles at all.

Dichioro-nitro-aniline, intermediate product for dyestuff.

(1) Nitro-sniline NQ2
CEHEO N2 4 Chlorine (c1p)
: ey
in hydrochloric acld (HC1)
2 N 2 i
(11) 2,6<dichloro-p-nitro aniline '
| CgHLC10Np o1 -

2
Chlorination with gaseous chlorine is to be preferred, by far, to that
of a chlorate g;ClOﬁ or ,NaClOB)o Any excess of chlorine must be avoided, since
quinone~like(0 bggﬂ JC0) compounds form immediately and, in addition,
the yield promptly drops off. As long as p-nitro-aniline-chlorine hydrate |
is still present, a test by the spot method on paper containing lignin
brings out a blood-red coloration, which is an excellent test for the
completion of the reaction. By dissolving it in, and then crystallizing
1t from concentrated sulfurlc asecid (Haﬁoh), or by dissolving it in, and
then recrystallizing 1t from methanol (CE3OH), the product can be purified.

Allyl mustard oil, for use on the film area.

{(I) Gilycerol CH, OH
(035803) i
CHOH + formic acid
HOOCHE (B
CH, OH (5%%)

CH0QCH
(I1) Glycerol diformate |
(C5H805) CHOH + cuprous chloride (CuCl) -
: pyrolysis according to Sandmeyer

CHpOOCH
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(IIT) Allyl formate f'HZ
(CyHg02) CH 4+ Bydrochloric scid (HC1) N
coned., up to 50°C e
CH,00 CH
(IV) Allyl chloride CHy
(0311501) I . .
CH + ammonium thiocyanate ) o
t (NHL;CNS.) {rearrangement)
CH5C1
CH
(V) Allyl mistard oil || 2
(C)H5NS) CH
CH, .NsCzS

The water formed as the result of esterification with formic acid is
gradually distilled off in & vacuum; the glycerol diformate, after thaty
ig not further purified. The pyrolysis (III) takes place between 180° and
200° » and must be run very slowly, since completing 1t too quickly results
in other cleavage products. In conversion to allyl chlorlde (III), one
mist take into consideration that with hydrochloric acid weaker than 30
percent, the yleld drops off rapidly. The final tramsition to musterd
o1l is accomplished most readlly with ammonium thiocyanate (1v), less
readily with potassium thiocyanate (XCNS), and least readily with sodium
thioeyanate (NaCNS). ,

p«Nitro-benzoyl chloride, parszol G, parezol G-acidy intermediates for
the yellow components of color film. ] '

25X1

(I) FNitro-benzoic acid Np2
(C7H50)+N) 4 thionyl chloride (80Clp) or o
phosphorus pentachloride (PClE) -
COOH
(11) ?-nitro-benzcyl chloride 0 :
CoHLO0 CIN ) 2 4 _sodium salt of scetomcetic ester
CeE110LNe)
_ coct COOCH;
(111) B(Iitro-benz?yl acetic ester . Nﬁzg :
Cq1Hq 10N 2
11%311% + COOCH,4 _
C0.CHy .COOCoHg

(IV) Parszol G-ester

A J

C178:00gH) 05
COOCH3 .
. “~potassium hydroxide
(KOH)

0, CHp . CO,NH
COOCH
(V) Perazol G-acld 02 '
(Cy78, ,0gN)

| COOH

CO- Hg,conm{z
COOH
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The object of the above work was, on the one hand, to seek reasonably. to
purify p-Nitro-benzolyl chloride through sublimation, which, however,
proved unavalling in respect to the problem of apparatus. Following the
instruction of a Soviet expert, the p-nitro~benzoyl chloride

in the Soviet Union, was distilled in a vacuum; this, however, did not
prove safe. In addition, the difficult condensation with acetoacetic ester
was thoroughly studied, and it was found that the success, aside from

the pH value (hydrogen ion concentration),is solely dependent on the
purity of the nitro-benzoyl chloride. Also, by means of the following
stage of operation, in itself easily pursued, end through the introduc-
tlon of a very pure p-nitro-benzoyl chloride,the yield can be considersbly
increased. The final stage: the condensation of parazol G-acid, by means
of stearyl chloride, to the finished yellow component,_could not be
accomplished, since a sufficiently pure stearic acid éCH3.(CH2)l6.002H;]
was not available.

p=Methoxy benzoyl acetic estef, intermediate for a yellow component of |
color film.

Hydroxy benzoic acid 0
(1) (Oxy-bengoic acid)
{(C-HL0
6
3 f:dimethyl sulfgte [—(CH3'Q)ESO3§Z (l)
co0 and potassium hydroxide (KOH) ~
(II) Methoxy-benzoic acid OgHy
(08H803) + phosphorus trichloride >
(PCl3)
COOH
(III) Methoxy benzoyl chloride 0gH3
(CgH7C10,)
+ _sodioacetoacetic ester -
R 7
(CgH,,0),Na)
CouCl: oo
(v) %-Methoxy benzoyl acetic ester 3
c12315 u)

00.0Hy. 005000 (2)

Here the problem, above all, 1s to find a method of determination for
p-methoxy benzoyl acetic ester (IV). A method was worked out by coupling
the ester with diazo solution (sodium nitrite, NaNO ¢ hydrochloric acid,
HC1l). This work was superseded, because in the meantime, in Moscow, a
polarographic method of determination was discovered. However, p-methoxy
benzoyl acetlc ester, which hitherto had been known only as a liquid, could
by this experiment be prepared in a crystallized form for the first time.
The pure ester has a fine hawthorn aroma.

Eriochrome blue-blatk B, azo dye, is processed on a dye for cellulose
ester, (nitrocellulose lacq_uer) .

(I) Naphthol OH
(C10HgO)
+ sodium nitrite (NaNOs)
sulfuric acid (H,80 Q

\]

(II) Nitroso naphthol
(Cy 0HA05N) N
i 4 _sodium bisulfite (NeHS03) .
sulfuric acid (HESOA)

(ITI) Amidol acid

(C10H0),8N)
10890y + sodium nitrite (NaNOo) >

hydrochloric acid (HC1l) ~
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(IV)  C10H70C1SN, 2
OH
4 _o<_nsphthol (C 0) -
(alkeline) 104 4
S 3H .
(V) Eriochrome blue-black B y=y
(Ca0H)058N,,) H

The introduction of the nitroso group (1) poses no difficulties. In

the same manner, the reduction and sulfonation (II) performed in a single
operation gave little trouble. Contrary to the data of FIERZ-DAVID, the
maximum yield amounts to 78-80 percent of the theoretical. The diazotized
amidal acid (IV) couples with oC naphthol, in a caustic alkaline solution
(potassium hydroxide [ KOHJ or sodium hydroxide [ NaOHJ) to form
eriochrome blue-black.

Metanil yellow, indicator dye.

NO,
(I) Nitro-benzene
(C6H502N)
+ Fuming sulfuric acid (H,80,) .
(II) Nitro-benzene sulfonic acid Ng
(C6H5053N) : + Iron (Fe)
Sulfuric acid (HQSOu)'
03
(I1T1) Aniline sulfonic acid
(CgH70,8N) 2
+ Sodium nitrite (NaNO,)
50 Hydrochlorie acid (HC1) 7
3
{IV) Diazochlorsulfonic acid 5CL
(CgH-0,C18N,) _
573 2 4+ Di
5 phenyl amine (Cgﬂs)pmﬂ -
504H Ethyl alcohol (02H5.OH) -
N=N )
(V) Metanil yellow o - .
(C1681),0,5N)
4 03H

The sulfonation (I) and reduction (II) proceed smoothly. The coupling with
diphenyl smine (IV) was undertaken in an ethyl alcohol solution. In methyl
alecphol (CH3OH), duller dyes are formed.

Indanthrene red violet RH, vat dye of the thioindigo serles.

(1) o-Toluidine CH
(cBN) 3

9 NH

2 4 Acetic ennydride A (cH.co) 0/

or Formic acid (HCOH)

\\4
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(II) Acet-o-toluidide 3
(C9Hll°N) CO.CHj
+ Chlorine (Cl,)

(II1) Dichloro aceto-o=toluidide
(C9H90012N)

CHi3
: + Po agsium
Cl: cl Hydroxide (KOH) _ 5

(IV) Chloro aminc toluene

(C7H9ClN)
| éHB )
ol 3 Sodium n;trite (NaNOE)
Hydrochloric acid (HC1)

(V) Diazodichloro smino toluene

(CoHGC1N,)
3
—NpCl -+ Sodium pentsgulfide
cl Tﬁégs5) at 700C

(VI) CquHyoC1085N, s 3
=N=S=8-N-!
Cl- 1

(V) C,,H,,CLs8
171 2%-282 by sy
S-S 4+ Iron (Fe)

Cl 1

(vr) CH.C18

(vi1) CgHgCLO,8

«CHp.COoH | Sulfuric acid (H,SO)

Cl:

(VII1) Thio- 3B - acid

Sulfuric acid (Hgsoh)

~ c 3
H 4 Chloro acetic acid (CH,C1.CO
c1— Sodlum hydroxide (NaOH)

(cgﬂgcloes)
O3
+CH2.CO,H <4 Chloro sulfonic acid
o1 o (C1803H) '
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(IX) Thionaphthene ehloride
(09370105) Hz

ClL

(X) Indanthrene red violet RH CHy Hs
(C, gH,,,01,055,) 5
18% 147 +pV2%2 ’S\c—c/
c1 0 o 1

First, following the old Process of I.G.Farben, the o-toluidine (I) was
subjected to acetylation. The dlacetyl compound is ehlorinated (II) in an
aqueous suspension and saponified under pressure with sodium hydroxide
(NaOH) or potassium hydroxide (KOH). Besides 5-chloro-2-acetylaminotoluene,
3=chloro-2«acetylaminotoluene is also formed. Both chlorine compounds

are separated by distillation, for which, however, very highly effective
columns are required. These columns were not avallable in Rubezhnoye.
Instead of products with a minimum freezing point of 260¢, only prod-

ucts with a freezing point of from 16°C to 189C were obtained in this menner.
Further, a method was discovered whereby both chlorine products could be
Beparated by agitating the aqueous solutions of the hydrochlorides with
chlorobenzene. In this manner, the more weakly basic 3-chloro-2aminotoluene
was almost quantitatively dissolved in the solvent. In the aqueous

layer, enriched 5=-chloro-2-aminotoluene hydrochloride remains. Later,

&n operatlon was performed in accordance with instructions received from
Moscow, whose source remained unknown, in compliance with one which produces
the formyl compound of o-toluidine in chlorobenzene. The formyl compound
does not have to Dbe isolated, but i1s directly chlorinated in the chloroben~
zene solution (CGH-Cl) and processed further. The 5=chloro-2-aminotoluene
obtained in this ménner is of excellent quality. The 3-chloro compound
remaing in solution in the chlorobenzene, but, for the most part, passes
over into chlorinated quinone compounds. The process is more expensive
than that of I.G.Farben, and besides the 3-chloro compound is lost. The
advantage lies solely in the fact that one can obtain e pure product
without any highly effective fractionating spparatus. The diszotization
proceeds normally (IV), yet the conversion with sodium pentasulfide
(Nas8:)(V) presents certain difficultles. The Nay8; solution is applied
at‘?Ogc, and the diazo solution is permitted slowly”to run into it, in
order to essure the immediate decomposition of the explosive diazodisulfide
compound. Since the diszo solution itself is quite readily decomposed,
care should be taken at the influx thet the solution itself does not

become warm before 1t hes reached the reaction mass. This stage of the
operation, at one beginning point of the brocess, might present the
greatest difficulty. The reduction (V) and the glycination (VI) present

no obstacles. The thio-3-B-acid (VIII) is isolated end dried. The
thionaphthene compound (1X) forms quickly through the action of the

chloro sulfonic acid on the thio-3B-acid (VIII). In order to obtain &

dye which conforms to standsrd, the chloro sulfonic acid employed must

be especially pure, prarticularly in regard to & content of oxidizing
substances, otherwlse the dyes will take on a blue tinge. This dye was
stricken from the production program of the Rubezhnoye combine, since

& sufficlently pure chloro sulfonic acid wes not aveilsble.

Yat printing black BL, vat dye.

(I) Naphthylemine sulfonic scid
(C10Hg048N)

4 Sodium nitrite (NaNOp)

25X1

Bydrochloric acld (HC1)
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(II) Chloro naphthaléne : sulfonic '
acid (CpoH7C105N,5)

F Cuprous chloride (GuCl)
Sodium chloride (NaCl)

c SO3N3.
' + Zine dust (Zn)
Sulfuric acid (H,S0))
(IV) Chloro naphthalene sulfide
(C1087018 1 SH
+ Chloro acetic amcid (CH,C1COOH) .
Potassium Hydroxide (KOH) -

(V) Chloro naphthalene thio=
CL  SeCHp.COH
+ Sulfuric acid >
(H‘QSOH.

glycolic acid (0123901025)
1 +CHyp .COoH
<+ Phosphorusg trichloride ..
(vII) claasgleos fl f-cag.cocn
C H‘%

(viIz) 01-2370105

(III) Chloro naphthalene sodium
sulfo acid (0101160103s1\ra)

(VI) The same as (V)

v

0

(XI1) Indanthrene printing black 1 S"QC\C T
(020H9Br0102$1\1) ‘

(XI) Bromoisatin chloride
(CgH3BrC10N)

(X) Bromoisatin
(CgH),BrO,N)

Bn Co
>CO 4 Phosphorus pentachlor
NH (P015)

(IX) Isatin
(CgH50,N)

/CO\ co + Bromine (Br,
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The diazotization (I) and the Sendmeyer reaction {II) present no diff-
Lculties. The 8-Chlorc naphthalene-l-sulfonic acid sodium salt (III)

is {solated. The further processing to 8-chloro naphthalene -1~
thioglyecolic aeid (IV) also offers no obstacles, whereas the condensation
of the thionaphthelene compound with bromoisatin chloride (XII) is
gensitive. If, in the production of bromoisatin chloride (X), the
hydrogen chloride formed is not drawn off and the operation is not
immediately carried further, dyes with muddy, dirty shades are formed.
The dye was prepared in all steges by a German expert in the technical
institution of the combine.

Dibromo isoviolanthrome, vat dye.

{I) Benzanthrone

(C17H100)
-+ Bromine (Br2)
. —a
5
(II) Benzanthrone bromide + Sodium sulfide (Na.8)
: in an autoclave -
(III) C3H 70,8 ' + potassium hydroxide (KOH)
alcoholic -
0
(1Iv) Isoviolanthrone
(CuHy 60,) +Bromine (Brp) o
P in water
0
(v) ?ibromo isov%olanthrone
Ca)H;),Br0
3 2v2 B
‘. Br.
The bromination of benzanthrone (I), sulfidization (II) and desulfuri-
zation (III) proceed smoothly. Thehbromination of isovioclanthrone,
following a Soviet patent.of Krolik", was™ supposed to take "
place in an aqueous suspension (IV) at 30°C, end with a quantity of
bromine amounting to 600 per cent of the theoretical. This was not
the case. All dyes prepared in this manner were too reddish. The
German expert discovered that dyes according to type cen be obtalned
at 70°C, with 300 per cent of bromine.
!
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16. Dibromo dibenzo pyrenequinone, vat dye.

(1) %, 5 Dibenzoyl naphthalene ( )
CopH, £0s) JAluminm chloride (A1C1 3
k672 Manganese dioxide (MnOg?

(I1) Dibenzo pyrenequinone o .

((32195[1202 .. 4 Bromine (Bry)
0

A%

(0
—
‘ Br
(II1) Dibromo dibenzo pyrenequinone
(CoH, oBro0p)
Br
The preparation of the dye proceeds without any particular difficulty,

with a moderate. yield, to be sure. Application of manganese dioxide proved
the latter to be esbsolutely essential as a hydrogen-sbsorbing substance.

17. Vat sols, ester salts of vat dys compounds.
Example: -0

0
| 1]
Cng =l
(I) Thioindigo /TN + Iron (Fe) Pyridine (CSHSN)
' ' : Chloro sulfonic acid (ClSO'3H7'
O -

OH

(II) CygH100252 N &
/c—@s + Pyridine sulfate o
(C5E,NE05) >

' 0,50z~ '
Y3 0,5,
(D) Cogfoc®ePie by, XD o0
c cZq

Ojia Na0s$
Soda (IV) Vat sol of ‘

(We.,CO 7 . Thioindigo z 3
2 C
3 : (Cy6Hg0gS),Na,) Ne c:’
e . S g S

The quality of the iron used (I) for the reduction of the thioindigo is
important for the course of the operation. A speclal reduction iron is
best. The German expert prepared from five to six kg of indigo dyes

the appropriate vat sols, 1l.e. depending on the solubility, either the
sodium salt or the potassium salt (III). In one case, which involved a
pink dye, the salt of triethenolemine was prepared (/ CEH GZ_OH_73N).
Previously, two to three moles of ethylene oxide [Tbﬂe)ao per ethanol
group had been added to the base. This vat sol was a syrup-like, brown
liquid, whereas all the other were in the form of white or weakly-colored
crystals.
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Comments

1.
2.
3.
L.

This formula should be written /~ (CHB)ZSOh_7.
This formila should be written £0.OHp.COCHg.

This ‘formjila should be written NHs.

‘Very likely' this is the Soviet scienﬁst L. Krolik who is known for

his work in organic chemistry.
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