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93. Fluorine-Containing Organozinc Reagents 

Part 1 

A Simple Synthesis of 2,2-Dichloro-3,3,3-trifluoropropanol 

by Robert Werner Lang 

C en t i  '11 Revarch Ldboratorles, Cdx-Geigy AG 4002 B d c  

(lj.IV.86) 

I'he title conipotind 1, which can hc regarded as a synthetic equivalent ofsubstituted 1,l.l-trilluoroacetone 2, 
I \  pr-cpared h) Zii-induced rcductivc addition of I.l.l-trichloro-2,2,2-trifluoroethane (3) to formaldehyde (4). A 
hricI'\iiinq ol'tlic scopc ol ' th is  C-C-bond formation leading to a variety of new CF,-containing synthetic building 
hloch\ I\ ;dso gi\cii 

Fluorine-containinp drugs and pesticides, frequently made available by use of new 
reagents and improved techniques for the selective introduction of fluorine, have 
achieved an  increasing interest in modern bioorganic chemistry [ I ]  [2]. Among other 
effects, the replacement of hydrogen by fluorine usually increases lipid solubility, thereby 
enhancing the rates of absorption and transport of active compounds in vioo. In fact, the 
change of lipophilicity in a given substrate may often be the main source of an increasing 
therapeutic efficacy. In particular, the CF, group is among the most lipophilic of all 
common substituents, and, therefore, the selective introduction of CF, groups into 
bioactive molecules became a major target in fluoroorganic chemistry. This inherent 
synthctic problem may either be solved by direct fluorination, by CI;, substitution, or by 
use of CF,-containing building blocks. Both, direct fluorination methodology and CF,- 
substitution reactions are of very limited applicability, and thus the building-block 
strategy proves t o  be of a particular significance. However, besides CF,COOH and 
benzotrifluoride. which are as yet the most important starting materials for the synthesis 
o f  CF,-containing substrates, there is a remarkable lack of inexpensive and versatile 
CF,-containing synthetic building blocks. 

I n  1966, the title compound I was prepared for the first time by reacting HF and 
I ,  I-dichloro-2.2-difluoroethylene with paraformaldehyde [ 3 ] .  Surprisingly, this simple 
polyhalogenated alcohol 1, which can be regarded as a synthetic equivalent of 2, a 
derivative of 1 , l .  1 -trifluoroactone, never since got any scientific interest. 

As part of our search for inexpensive and versatile CF,-containing synthetic building 
blocks, we tried to synthesize alcohol 1 according to [3]. Analysis of the reaction mixture 

1 2 
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showed only traces of the anticipated compound 1, and in our hands, all attempts to 
isolate 1 in its pure form failed. Therefore, we focused our interest on the readily available 
1 , 1 , 1 -trichloro-2,2,2-trifluoroethane (3), of which various organometallic derivatives 
have already been reported in the literature. Based on the fact, that several solvent 
complexes of CF,CC12ZnC1 have already been isolated [4] [ 5 ] ,  we decided to study the 
C-C-bond formation by reacting CF,CCl, (3) with an appropriate electrophilic C-atom 
in the presence of metallic Zn'). 

When equimolar amounts of 3, paraformaldehyde as a source for formaldehyde (4), 
and metallic Zn are allowed to react at room temperature in DMF, a moderately 
exothermic reaction occurs after a certain induction period, which in particular seems to 
correspond to the activity of the utilized Zn powder. Under the given reaction conditions 
( c f .  Scheme 1 and Exper. Part) the desired alcohol 1, after hydrolysis of the reaction 
mixture and distillation, can be isolated in high yield2). The highly volatile, pure alcohol 1, 
which has a strong odour of essential oils, crystallizes in long, colourless needles (m.p. 
61"-62"; b.p. 100"-110" (atmospheric pressure)). 

Scheme I 
I )Zn.DMF,r . l  . 3 d  

2) aq. HCI 
CF,CCI, + HCHO CF,CCI,CH,OH 

3 4 1(87%) 

Recent publications indicate significant improvement of heterogeneous organometallic reactions by using 
ultrasonic irradiation (cJ [S] and lit. cited therein). In contrast to Kitazume and Ishikuwa [9] who found that the 
reductive coupling of perfluoroalkyl iodides with aldehydes and ketones only occurs with the aid of ultrasonic 
irradiation, all our experiments run perfectly under standard thermal conditions. Besides that, only moderate 
effects were observed by changing the reaction conditions (see Table I) .  Additionally, we found that the conditions 
of ultrasonic irradiation were much more difficult to reproduce than those of conventional metal activation. 

Table 1, Variations of Reaction Conditiom for the Synthesis o f1  (c f .  Scheme I )  

Time [h] Temp. ["I Stirringa) Ultrasoundb) Yield [YO] 

60 
16 
16 
16 

~ cu. 20 magnetic 87 
ca. 20 mechanic 46 
ca. 20 mechanic 38 kHz 64 
ca. 20 mechanic 22 kHz 14 

") 
') 

Magnetic and mechanic stirring at 1550-2000 rpm (10-mmol runs). 
Ultrasound laboratorv cleaner EL 14 ( E l m  A G .  Biel). 

To achieve more flexibility for using 1 as a CF,-containing, synthetic building block, 
we have prepared some easily accessible derivatives of 1 (Scheme 2). Protection of  the 
relatively acidic OH function of 1 (pK, 2 12 in 80 % methylcellosolve) can be achieved by 
benzylation (1 +S), tosylation (1 +6) or acylation (1 +7). Zn-induced reductive elimi- 

I )  Very little is known about such a Zn-induced reductive coupling reaction of 3 [6] [7], but during preparation of 
this manuscript, we learned from Dr. T.  Hiyama (Sagami Chemical Research Center, Japan) about their 
independent work on this subject. The author would like to thank Dr. T.  Hiyoma for two preprints of papers, 
which were submitted to Tetrahedron Lett. for publication. 
According to this procedure, 1 can easily be prepared in kilogram quantities. *) 
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CF,CCI&H,OCH,C,H, 

5 (59%) 

Scheme 2 
CF,CCI,CH,OTs 

6 (80%) 

7 

J 
CF,CC12CH,0COCI 

9 (75%) 

1 
CF,CCI,CH,0CONH2 

10 (89%) 

CF,CCI,CH,OH 

CF,CCI,CH,OCOCH, 

7 (89 010) 

1 
CF,CCI=CH, 

8 (73%) 

nation at the ester 7 leads to the olefin 8 which, in turn, can be regarded as a synthetic 
equivalent of 1 ,1,l-trifluoroacetone. Treatment of 1 with COCl, yields the chloroformate 
9 which can easily be transformed to 10 by aminolysis3). 

An extension of our synthetic conception shows that, under the same conditions as for 
the synthesis of 1, the CF3CC1, group can be added to a wide variety of substituted 
aliphatic and aromatic aldehydes. A list of representative examples is given in Table 2 (for 
a more complete study, c$ [lo]). As indicated in Table 2 (Entry h-d), selective 1,2-addi- 
tion has been found for a$-unsaturated aldehydes. However, for both ketones and 
carboxylic-acid derivatives, all our attempts to prepare any comparable addition product 
failed. 

I _  

2) aq. HCI 

Product (Yield 1%1) Entry R Reaction conditions") 

(CH,),CH r.t./2 d 
CH,=CH r.t.12 d 
(CH,),C=CH r.t./l d 
PhCH=CH r.t.13.5 h 
PI1 r.t.11 d 
2-Fury1 r.t.13 d 

11 (80) 
12 (60) 
13 (63) 
14 (69) 
15 (95) 
16 (98) 

") Non-oDtimized reaction conditions 

?) Application of 1 and its derivatives for the construction of new CF3-containing molecules are currently under 
investigation. 



Concerning the reaction mcchanism 01' thc described Zn-induced rcdiiclive ( ' -4  ' 

bond formation, it is as yet not possible to decide. whcther ritdiciil or ion ic  proccsscs 'IK 

taking place'). 

4, To gct more insigh into this particular coupling inwhanisni. we haw isolated possihlc reaction intcrmcdialcs 
Structure elucidation and analysis of thcir reactivity arc currently under investigation iind will he the subject oi 
a subsequent publication. 
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1)istill;ition ol'tlie orangc. oily residue at 67 72'40 l o r r  afforded 54.6 g (X9%) of 7 a s  a colourless oil. 'H-NMK 
(60 MHr. CDCl1): 4.5 (br. Y. CH2); 2.15 (s. CH3). 13C-NMR ( 2 5  MHr. CDCI,): 169.4 IS. CO): 121.8 ((1. 

5. 2 4  %/ore-/. I .  /-lriflui,,'//"i~pt,t7~, (8). For the synthesis 01' 8. a three-ncckcd round-bottom flask was lilted 
with a dropping funnel and it rellux condenser. The top of the condenser was directly connected to a distillation 
spparutui. whose receiver %as cooled with dry ice~aeetonc. I)uring dropwise addition of 22.5 g (0.1 mol) of 7 to a 
suspension o f  X.0 g (0.12 g-atom) of freshly activated Zn i n  70 nil of relluxing EtOH, a11 exothermic reaction 
occurred. aiid the product began to distill. Redistillation of thc crude paterial a t  15','760 Torr (14 15' 11.11: h.p.) 
afforded 9.5 g (73%) o f8  i mobile. colourless liquid. ' H - N M R  (60 MHz,  C'DC13): 6.05 (117. I H): 5.75 ( n ~ ,  I H ) .  

6. 2 .2 - /~ i~~AI i~r0-3 .3 .3 - t r i f luor i~pr~~py/  C/iIorofimnutc (9). During 3.5 h, 26.0 g (0,26 niol) of COCI? were passed 
through an ice-cold soln. 01'453 g (0.25 mol) of 1 i n  175 nil ofCH?C12. Afterwards. 19.8 g (0.25 mol) of pyridine. 
dissolved in 25 ml of CH?CI,. were added dropwisc at -20". The mixture was stirred over night at r.1. and then 
llushcd with N?.  Aftcr pouring the mixturc on ice-cold H,O. the ore. layer was separated. washed. and dried 
(MgS04) .  Distillation ofthcCH~Clzextracl by using a I'i,qwi.rcolumll yielded 45.7 g(75Y0) of9as acolourlessoil. 
R.p. 36"!20Torr. ' H - N M R  (60 MHr,  CDC13): 4.X (s, CH2) .  "C-NMR (25 MHz,  CDC'I,): 153.1 (s, CO): 121.5 (4. 

7.  ~ , 2 - / ) i c / 7 / ~ 1 r ~ , - 3 , 3 , 3 ~ 1 ~ i / ~ i / f j r ~ j / ~ r f ~ / ~ ~ , /  Cirrhmntr/r (10). A soln. of60.0 g (0.24 niul) of9 in 20 mi of toluene was 
dropped into 335 in1 of 25Y, aq. N H ,  at 0" Aftcr stirring nt r.t, for 2 h. the product was extracted with Et,O. 
washed, and dricd (MgSOJ. The crude crystalline material w s  rccrystallized from hot petroleum ether yielding 
49.1 g (89";O) of 10: colourless crystals. M.p. 56 57". ' H - N M R  (60 MHr. CDCI1): 5.3 (.s. (br.). NH,): 4.65 (s. CH,).  
"C-NMR (25 MHT, ('lX13): 154.9 (.Y. CO): 1213 (4, ./(F,(') -= 284. Cl.3)): X 1 . S  (I/. ./(F.C) = 35. C(2)) ;  67.0 (s. 

C( 1 )). 

X. (ii*ncwrl Prowdurc~ for tho S y ~ ~ t h e r i . ~  o /  a-Sic/~.stitutc~r/ ~ , 2 - / ~ ; c / i / i i r i ~ - . ~ , . ~ , ~ ~ - t ~ i / l r i i ~ r ~ ~ ~ ~ r ~ ~ ~ ~ i r ~ ~ ~ ~ / . ~ .  By replacing 
paraformaldehyde by otlicr aliphatic or aromatic aicicllydes. the prockdurc 1 ; ~  ~ h c  preparation of I can be followed 
for thc synthesis of a wide taricty 01'a-suhstiluted 2,3-dielilora-3.3.3-trillu~~r~~prop;lnol. 

X. 1 .  2 , 2 - I ~ i c h k ~ r i ~ - I . I , / - 1 r i / l u o f n - 4 - ~ ~ ~ ~ ~ 1 / i y / - 3 - ~ ~ ~ ~ ~ ~ / ~ ~ ~ ~ i ~ /  ( I  I ) .  From 2-iiiethqlpropionaldehyde after 2 d at r.1.. 1 I 
55- 60'/20 Torr. IR Incat): 34XOtn (br.), 2960m, 993011.. 28x011,. 
100011.. 9 2 0 ~ 1 .  870s. 702.5. ' H - K M R  (60 MHz. CDCI,): 4.07 (d. 

(12). troni ticrolein atier 2 d at r.1.. I2 was isolated as a 
(neat): 3 4 0 0 ~  (br.). 1 4 ~ 0 ~ .  I ~ X O I I ~ ,  1255s. 1200s (br.). 1140111. 

1060nf (br.). 990m. 945s. 930.r. X70.s. 855 (sh). 720s. ' t i - K M R  (60 M I k  CXX13): 6.4 5.3 ( 7 n .  3 olefin, H):  4.7 ((1, 
J = 6. H-CI(3)); 3.3 (br. s. OH). '"F-NMK (94 MHz. CIX3,): -75.5 (A). 

I>ic/7/oro- / . / . / - / r i ~ l 7 ~ f ~ ~ i , - . ~ - i i ~ ~ , / / i . ~ / - 4 - / , c . . ' , /  (1 3). From /~,~-dimcthylacrolein after I d at r.t., 13 was 
colourless oil in 63% yield. R.p. 90- 91"/39 Torr. ' H - N M R  (250 MHz, CDCI,): 5.40 (d ,  J = 7.5. 

H-C(4)):4,X5(dd,,/ =7.5.7.5.H-C(3)):2.1X(d,./ = 7.5,OH): 1.86(2rl.J = 2each,2CH3). "C-NMR(25MHz.  
CDCI?): 141.9 (s, C(5)); 122.1 (4. J(F,C)  = 284, C(1)); 119.6 (s. C(4)): X8.2 (4. J(F,C)  = 31. C(2)): 72.3 (s, C(3)): 

8.4. I E ~ - 4 , 4 - L ) i c h / o r o - S , S , S - t r i / ~ u ~ ~ r o - I - p / i t ~ r 1 ~ ~ / - l - ~ ~ c ~ ~ ~ 1 o ~ - 3 - o /  (14). From.(E)-cinnamaldehyde after 3.5 h at r.t., 
14 was isolated as a pale yellow oil in 69% yield. B.p. 99 10V4.05 Torr. ' H - N M R  (250 MHz, CDC13): 7.48--7.26 
(n7, 5 arom. H); 6.48 (d J = 16, H-C( I ) ) ;  6.35 ( d d  J = 6. 16. H-434)) ;  4.83 (dd J = 6. 7, H-C(3)): 2.49 (d, J = 7, 
OH). "C-NMR (25 MHr, CDC13): 136.6 (,s); 135.6 (s): 128.8 (s): 127.0 ( s ) :  1223 (s): 122.1 (4, J(F.C) = 284, 
C(5)): X7.5 (4. J(F ,C)  = 32. C(4)): 76.7 (5, C(3)). '"I:-NMR (94 MHz. CDCI?): -74.X (s). 

X.5. ?.2-Di~hIor~~-3.3.3-rrifluoro-l-/-~~/~~~m.~/pro~~~1ii-/-o/  (15). From benEaldehyde after 1 d at r.1.. 15 was isolated 
as a colourless oil in 95% yield. B.p. 66"/0.01 Torr. ' H - N M R  (250 MHz, CDCI,): 7.56 7.32 (mi. 5 arom. H); 5.26 
(hr. s, H-C(I)); 2.85 (br. s, OH).  "C-NMR (25 MHz, CDCI?): 135.7 (s): 129.6 (s): 128.8 (s): 128.1 (s); 122.3 (4. 
J(F,C)  = 284. C(3)); 8 7 . 6 ( ~ ,  J ( € , C )  = 32, C(2)); 77.3 (s. C(1)). "FF-NMR (94 MHr. C',D,): -74.1 (s). And]. Cdk. 
forC,H,C12F,O(259.05):C41.73.H2.72.C127.37.F22.00:~ound:C42.03. H3.XX.C126.14,F21.92. 

8.6. 2,2-Di(.h/~~ro-3,3,3-/riflrrori~- I -  12-/itr~,/l/"'f)/,~i71- /-id( 16). Froin furane-2-carbaldehyde after 3 d at r.1.. 16 
was isolated as it yellow oil in 98% yield. H. p. 94.-95':28 Torr. ' H - N M R  (60 MHz.  CDCI,): 7.5 (mi. I arom. H): 6.5 
(ni, 2 arom. H): 5.3 (s (br.), H-C( I ) ) ;  3.05 (br. J. OH).  

J(F.C)=2X.l.C.(3)): 81.41q.J(F.C)=: 35.c'(?)):66.4(.s.~'(1)):20.3(.s.  (TI>). 

. / (F.C)= 2x4. C(3)): x0.5 (4. J(F .C)  = 36. C(2)): 70.0 (s .  <:(I)). 

1 . 1  ( 2 k J  = 7 ~ a c h . 2 < ' I i > ) .  

26.0. 18.8 ( 2 s .  2 C H I ) .  
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